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ABSTRACT 

The  serum concentrat ions o f  calcium, albumin and  pa ra thy ro id  hormone 

(PTH)  and the  plasma levels of ionized calcium were determined in 1 2 4  

healthy subjects, 89 pat ients w i t h  p r imary  hyperpara thyro id ism (HPT)  , 23 

o f  whom had the  syndrome o f  mult ip le endocrine neoplasia t ype  1 (MEN-1) 

and 43 pat ients who had  hypercalcaemia o f  other causes than HPT (non- 

HPT) ,  in most cases due t o  widespread malignancies. The  total  serum 

calcium was cor rec ted  fo r  the  serum albumin concentrat ion (CaM). Healthy 

females over the  age o f  50 had h igher  CaM, than younger  females and the  

women o f  a l l  ages also had, h ighe r  serum PTH levels than males. For al l  

s tudy  g roups  bo th  the  in t ra -  and  in te r -d iu rna l  var iat ions were small f o r  a l l  

the  studied variables. Discriminant func t ion  and optimal discr iminatory l imits 

were calculated w i t h  the help o f  computer programs. A consideration o f  a l l  

t he  ind iv idua ls  in the  discr iminant analysis, revealed tha t  measurements o f  

CaM alone separated most HPT pat ients bo th  f rom the  heal thy subjects and 

from the  non-HPT patients. However, when on ly  those who had border l ine  

values (de f ined as CaM between 2 . 4 5  and 2 . 7 5  mmol/ l)  were included it 

t u r n e d  o u t  t h a t  measurements o f  ionized calcium marked ly  improved the  

del ineation o f  mi ld HPT from the  heal thy subjects and  that,  in addi t ion,  

PTH measurements helped to  exclude those w i th  non-HPT hypercalcaemia. 

The optimal discr iminatory levels o f  serum calcium were calculated as the  

levels wh ich  caused the  minimum loss in terms o f  misclassif icat ion when 

at tent ion was paid to  the re la t i ve  importance o f  false posi t ive to  false 

negat ive classif icat ions and to  the  prevalence o f  HPT. The  optimal d isc r i -  

minatory level fo r  serum calcium fo r  a weight ing ra t io  between false posi t ive 

to  false negat ive of 1:1, and  a prevalence of HPT o f  1 &, was calculated to  

be 2 . 6 8  mmol/I and fo r  a prevalence o f  50 % 2 . 5 6  mmol/I. In the  la t te r  

s i tuat ion a we igh t ing  ra t io  o f  1O:l f o r  false posi t ive to  false negat ive gave a 

level o f  2 . 6 3  mmoll l  whi le a we igh t ing  ra t io  o f  1 :10  corresponded t o  an  

optimal d isc r im ina tory  level o f  2 . 4 7  mmol/I. 

10-878572 147 



INTRODUCTION 

Primary hyperpara thyro id ism (HPT) i s  a common disorder,  known t o  

af fect  one pe r  cent  o f  t h e  populat ion above 60 years  o f  age and  occu r r i ng  

a t  even h igher  frequencies in older ind iv idua ls  (11,36,49). The high p re -  

valence o f  the  disease cal ls for accurate screening and diagnostic methods 

wh ich  can easi ly p rov ide  an ident i f icat ion o f  the  diseased pat ients w i t h  a 

minimal number o f  misclassifications. 

The  ident i f icat ion o f  pat ients w i t h  HPT in the  cl in ical  rou t i ne  rel ies 

p r imar i l y  o n  the  demonstrat ion of hypercalcemia. In a prev ious  s tudy  single 

measurements o f  total  serum calcium were used to  calculate optimal d isc r i -  

minat ing l imits fo r  the  diagnosis of p r imary  HPT (18). In the  present  repo r t  

we have extended th i s  analysis to include measurements o f  the  serum con- 

centrat ions o f  pa ra thy ro id  hormone (PTH)  and of ionized calcium, determina- 

t ions o f  wh ich  have become more widely avai lable during recent years. 

Practical ly a l l  studies deal ing w i th  the diagnosis o f  HPT a re  based o n  

materials where the  major i ty o f  pat ients have marked hypercalcaemia. In 

cl in ical  pract ice,  however, most pat ients w i th  suspected HPT nowadays have 

on ly  mi ld ly  elevated serum calcium values (20.50).  

T h e  present s tudy  therefore devotes par t i cu la r  at tent ion to  the  potent ia l  

value o f  ionized calcium and  PTH measurements in the  del ineation o f  mi ld 

HPT. In many instances there  may n o t  be  a g rea t  need to  establ ish the  

diagnosis o f  HPT in such border l ine  cases. Sometimes, however, a precise 

classif icat ion could be  important.  For example we recent ly repor ted  ( 2 )  t ha t  

in the  dominantly inher i ted  syndrome o f  mult ip le endocrine, neoplasia t ype  1 

(MEN-1) HPT is apparent ly  the f i r s t  manifestat ion. The demonstrat ion of 

mi ld HPT there fore  is the  ear l iest  oppor tun i t y  to  disclose the  ca r r i e r  o f  the 

MEN-1 t ra i t .  Patients w i t h  recu r ren t  renal  stones const i tute another g r o u p  

where it is  highly desirable to  obtain de f in i te  evidence f o r  o r  against  HPT 

despite undecided hypercalcemia . 
Another c l in ical  problem in the diagnosis o f  HPT consists o f  the  exclu- 

sion o f  other causes o f  hypercalcemia, p r imar i l y  malignant disorders.  

A l though these are  general ly ev ident  c l in ical ly,  addit ional invest igat ions are  

sometimes requ i red .  
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REFERENCE SAMPLE GROUPS 

Healthy subjects 

From a heal th su rvey  in Uppsala county  98 apparent ly  heal thy indivi- 

duals were rec ru i ted  to represent a "heal thy reference sample group";  5 2  

men and 46 women, aged between 16 to  92,  w i th  a mean age of 46 f. 20 

years (mean f SD), and equal d i s t r i bu t i on  o f  the sexes in al l  age groups .  

Twenty-six apparent ly  heal thy employees from the hospi ta l  s ta f f ,  10 men 

and 1 6  women, aged between 20-60 years,  part ic ipated in studies o f  the  

i n t ra -  and, in te r -d iu rna l  variat ions. 

Patients w i t h  HPT: 89 consecutive pat ients operated fo r  HPT, 27  men and 

62 women, aged between 19-83 w i t h  a mean o f  60 f 17 years  were studied 

before operat ion:  66 o f  them had sporadic HPT and  serum calcium was 

normalized postoperat ively in a l l  cases. The other 23, 1 6  women and seven 

men, had HPT as a p a r t  o f  MEN-1, nine o f  them had pers is ten t  o r  recu r r -  

en t  hypercalcaemia a f te r  previous operations. Five o f  them also had an 

endocrine tumor o f  the  pancreas, in th ree  cases w i th  l i v e r  metastases. Neck 

explorat ion conf i rmed pa ra thy ro id  hyperplasia.  Subtotal o r  total  para thy-  

roidectomy w i t h  autotransplantat ion was performed. Serum calcium re tu rned  

to the  normal range postoperat ively in al l  cases. 

Patients w i t h  hypercalcemia o f  o ther  o r i g i n  than HPT (Non -HPT]:  

For ty - th ree  pat ients,  21 men and 2 2  women, aged 38-78 w i th  a mean age 

o f  60 f. 15 years had hypercalcemia o f  c l in ical ly obvious causes other than 

HPT. 

Malignancy was the  most common cause, being encountered in 30 pa- 

t ien ts ,  13 men and 17 women. Renal cancer was seen in seven cases, f i ve  

had cancer mammae, f i ve  had lung cancer, f i ve  had myeloma, th ree  cancer 

o f  the  pancreas, th ree  lymphomas, one had t h y r o i d  cancer and one pat ient  

had a leiomyosarcoma. In most cases bone metastases were evident.  Other 

causes of hypercalcemia were encountered in 13 pat ients,  s i x  men and 

seven women. Sarcoidosis was seen in seven pat ients,  whose serum calcium 

values normalized upon treatment w i th  steroids. Two pat ients had thy ro tox i -  

cosis, and became normocalcemic in response to  medical treatment. Immobili- 

zation due to  tetraplegia was the  cause o f  hypercalcaemia in four  patients. 
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L A B  0 R A T 0  RY MET H OD S 

Blood specimens were col lected between 07.00-09.00 on  the  morning 

fol lowing an  ove rn igh t  fast. For each pa t ien t  the  mean value o f  a l l  such 

measurements was calculated and used as the  basal value. For the  s tudy  o f  

var ia t ion  during the  day, specimens were also col lected before meals a t  

1 2 . 0 0  and 16.00 hours .  No d ie t  res t r i c t ions  apar t  from a ban on  mi lk and 

cheese were imposed. 

Ionized calcium ( C a l l :  Whole blood was col lected anaerobical ly in 5 ml 

heparinized tubes and analyzed w i th in  a few hours  fo r  ionized calcium w i th  

a n  ion-selective electrode (Microlyte, Kone Instruments,  F in land) .  All 

samples were measured in duplicate. The  analyzer has an automatic th ree  

po in t  cal ibrat ion procedure us ing  water standards adjusted f o r  ionic 

s t reng th  and pH. A f te r  each sample a middle standard is  measured fo r  

assessment o f  drift. The  temperature o f  t he  electrode block is  maintained a t  

3OoC. In pat ient  samples the  average analyt ical w i th in - run  s tandard  devia- 

t ion  was 0 . 0 1 2  mmol/I a t  the  level o f  1 . 1 5  mmol/I and 0.019 mmol/l a t  the  

level o f  1.45 mmol/l. T h e  l i fe-span o f  an  electrode is 3-6 months. A f te r  

change o f  electrode, t he  values (n=178) f rom a reference populat ion of 
healthy ind iv idua ls  were compared w i th  p rev ious  values (n=100) in the  same 

indiv iduals.  A di f ference o f  0.01 mmol/l was observed fo r  t he  mean values, 

w i thout  change in imprecision. 

There  are  no  ex terna l  con t ro l  standards f o r  ionized calcium, and ex terna l  

qua l i t y  assessment schemes have stressed the  use o f  protein-enr iched 

solut ions ( 4 4 ) .  In the  absence o f  an ex terna l  con t ro l  sample, recons t i tu ted  

lyophi l ized control  sera (Val idate, General Diagnostics) from the  same batch  

- actual ly n o t  manufactured fo r  t h i s  purpose and no t  always w i th in  the  

reference range for hea l thy  subjects, - have been used as a n  ex terna l  

con t ro l  over  time w i th  a CV o f  1 . 4  % a t  1 . 2 0  mmol/I and 2 . 3  % a t  

1 . 6 0  mmol/l. No e f f o r t  was taken to  improve standardizat ion o f  water, 

temperature, pH  o r  gas content (9 ) .  

Serum was obtained a f te r  c lo t t ing  and  cent r i fugat ion ,  and was e i ther  

analyzed in the o rd ina ry  laboratory rou t ine  the  same day, o r  s to red  a t  +4O 

overn igh t  and analyzed the  n e x t  day. 

Total  serum calcium (CaT)  concentrat ions were determined by an atomic 

absorpt ion technique ( Perkin-Elmer 3 0 3 0 ) .  T h e  analyt ical p rocedure  fo r  

determination o f  serum calcium had an  average w i th in - run  s tandard  devia- 

t ion  o f  0 . 0 3 8  mmol/l, and  an  average between-run s tandard  deviat ion o f  
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0.022 mmol/l, giving a total analyt ical standard deviat ion o f  0.044 mmol/l. 

A l l  values re fe r  t o  a concentrat ion level o f  2.46 mmol/I, and the  analyt ical 

e r r o r  was assumed to  be  the same fo r  a l l  concentrat ion levels expressed as 

a coeff ic ient  o f  var ia t ion  (CV=0.018). The  analyt ical bias o f  the  procedure 

was about -1% compared w i th  the  referendum value o f  the  regional ex te rna l  

qua l i t y  assessment program. 

Serum albumin was determined by a bromcresol-binding technique and  

cal ibrated w i th  p u r i f i e d  human albumin solut ion. The analyt ical w i th in - run  

standard deviat ion was 0.42 g / l  and  the  between-run s tandard  deviat ion 

0.71 g / l ,  giving a total  analyt ical s tandard  deviat ion o f  0.83 g / l .  

Correct ion o f  CaT fo r  serum albumin concentrat ion (CaM): As  serum calcium 

is bound to  albumin, a correct ion (modif icat ion) o f  serum calcium values was 

made fo r  deviat ions o f  the  actual albumin from the  reference mean value o f  

42 g / l  by the  fol lowing formula used in ou r  laboratory:  

CaM = CaT - 0.019 (S-albumin - 421 mmol/I 

Radioimmunoassay o f  pa ra thy ro id  hormone (PTH)  in serum 

Serum specimens were kep t  a t  - 2OoC until analyzed. The  PTH concen- 

t ra t ion  was determined by a radioimmunoassay system employing 121 I- 

labelled bov ine  PTH ( Ino lex)  and sheep ant iserum ( S  478) against  porcine 

and  bov ine  PTH. T h i s  ant iserum reacts w i t h  a mid-port ion (44-68) o f  human 

PTH but has also a high a f f i n i t y  (0 .6 x 1013 I/mmol) f o r  in tac t  human PTH 

(21 1 .  
The  assay procedure used sol id phase-coupled anti-sheep-lgG to  separate 

bound and free labelled PTH. The  serum specimens and the  ant iserum were 

f i r s t  incubated fo r  2 4  h a t  4OC followed by a 48 h incubat ion w i t h  label led 

PTH . Microsepharose-coupled horse  anti-sheep-lgG (decant ing suspension 

2, Pharmacia AB, Sweden) was then added and the  incubat ion was prolong- 

ed  fo r  3 h. The  part ic les were cen t r i f uged  down during 5 min a t  2000 g 

and the  pel let  was washed once w i t h  saline containing 0.5 % Tween-20. 

Bovine PTH d i l u ted  in human sera w i t h  low PTH levels was used as labora- 

t o r y  standard and  the  concentrat ion o f  PTH in human serum was expressed 

in a r b i t r a r y  un i t s  ( a r b  U l l ) .  About  2.5 a r b  U were equivalent t o  10 U 

NIBSC research standard fo r  human PTH 75/479. A l l  specimens were assay- 

ed  in duplicate. T h e  total  assay coeff ic ient  o f  var ia t ion  in 42 assays was 

9.2%. w i t h  a n  average within-assay coeff ic ient  of var ia t ion  o f  3.6% a t  a level 

o f  0.7-0.8 a r b  U/I. 
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The disappearance o f  serum PTH fol lowing parathyroidectorny was inves- 

t iga ted  in 10 pat ients w i t h  adenomatous HPT, basal values o f  0.81 - 1.24 

a r b U / l  and a normal k idney  funct ion.  A mean reduc t ion  o f  17% was found 

w i th in  the  f i r s t  1 5  minutes, which demonstrated a capabi l i ty  o f  t he  assay 

system rap id l y  to detect changes in serum concentrat ions (Fig.  1 ) .  
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Fig. 1 .  Reduction o f  serum para thyro id  hormone (PTH)  concentrat ions 
a f te r  parathyroidectomy in 10 pat ients w i th  adenornatous hyper -  
parathyroidism. (Bars  indicate SEM). 
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COMPUTATIONAL METHODS 

A l l  stat ist ical  calculat ions were performed o n  a BASF 7 / 7 3  -IBM/MVS 

computer system a t  Uppsala Un ive rs i t y  Data Center. The  Statist ical Analysis 

System package (SAS Ins t i t u te  Inc. ,  Nor th  Carol ina USA) was used fo r  

descr ip t i ve  stat ist ics (means and standard deviat ions o f  var ious reference 

sample groups; biological i n t ra -  and  in te r -d iu rna l  var iat ion;  cross-plot t ing;  

stat ist ical  goodness-of-f i t- tests) , l inear regression analysis; and non-l inear 

parameter fitting. 

Stepwise discr iminant analysis was performed w i t h  the  BMDP program 

package (Biomedical Computer Programs, P-series, Un ivers i ty  o f  Cali fornia, 

1977) .  

A program fo r  analysis o f  variance on a LUXOR ABC-80 computer was 

used to  calculate the  analyt ical wi th in- ,  and between-run var iat ion.  

Optimal discr iminatory l imits were calculated w i th  the  help o f  a program 

developed a t  t he  Un i t  o f  Biomedical Systems Analysis ( 1 8 ) .  Th i s  program 

ca Icu lates : 

(a )  the  expected frequency o f  false negat ive and false posi t ive outcomes in 

connection w i th  classif icat ion, us ing  a specif ied discr iminatory level; 

( b )  a measure o f  loss related to  misclassification, 

( c )  the  optimal discr iminatory l imit,  ( e ) ,  and 

( d )  the  diagnostic sens i t i v i t y ,  speci f ic i ty and the  pred ic ted  value o f  a 

posi t ive and negat ive test  resu l t .  

Input data to  the  program are:  

(a )  f requency d is t r ibu t ions  o f  the  reference populat ions; in th i s  case 

d is t r ibu t ions  represent ing heal thy indiv iduals,  pat ients w i th  sporadic 

HPT o r  HPT as p a r t  o f  MEN-1, as well as pat ients w i t h  non-HPT 

hypercalcemia ; 

( b )  prevalence o f  the  diseases, expressed as number-rat ios; 

( c )  numerical weights, W1 and W2, represent ing the  re la t i ve  costs o f  

making misclassifications; 

[ d )  pre-analyt ical a n d  analyt ical  var ia t ion  expressed as coeff icients o f  

var iat ion:  “pre-a and CVa, respect ively;  

The variances o f  f requency d is t r ibu t ions  represent ing the  d i f f e ren t  re fe r -  

ence populat ions are  calculated from: 
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2 2 2 
+ ' a  total  - biol  + pre-a 

- 2 

and there fore  

2 -  2 -  2 
b io l  - total  (' pre-a 

where S is the  total  biological standard deviat ion ( inc lud ing  in t ra - ,  and 

in te r - ind iv idua l  var ia t ion) ;  Spre-a is  t he  pre-analyt ical  s tandard  deviat ion, 

i.e. the var ia t ion  related to  specimen handl ing;  and Sa is  the  analyt ical 

s tandard  deviat ion. 

In the  program the  calculat ions are  per fo rmed t o  estimate the  "tail-areas" 

cu t -o f f  by a specif ied discr iminatory l imi t  f rom the d i f f e ren t  d is t r ibu t ions ,  

giving values fo r  the  number o f  false posi t ives (FP) and false negat ives 

(FN) .  

FN)/$O where 4 is the  loss under  ideal condit ions, 

b io l  

As prev ious ly  descr ibed (18)  the  loss is calculated as A=(Wl x FP +W2 x 

CVa=O and CVpre-a =O . 
Since the  weight ing factors a re  g i ven  in re la t i ve  numbers, the loss should 

be  regarded as a re la t i ve  loss. The  calculat ions are  automatically repeated 

fo r  a number o f  d i f f e r e n t  values fo r  the  discr iminatory level, in o rde r  to  

allow determination o f  the  optimal value. 

RESULTS 

Descr ipt ive stat ist ics:  

Table 1 summarizes the  mean values fo r  the  s tud ied  var iables in al l  the  

f i ve  g roups  o f  subjects. The mean calcium values were h igher  in the  pat i -  

en ts  w i t h  non-HPT hypercalcaemia than in the  HPT pat ients.  The  HPT 

pat ients had a h ighe r  mean value fo r  PTH than a l l  o ther  groups. 

There  were small, but stat ist ical ly s igni f icant,  age- a n d  sex-related 

di f ferences w i th in  the  g r o u p  o f  normal subjects (Table 2). Women over the  

age o f  50  had h igher  CaM values than younger  females. On the  o ther  hand 

males over  the  age o f  50 showed lower CaT ( b u t  no t  CaM) values than did 

the  younger  men. No di f ferences were noted f o r  Cal  between t h e  sub- 

groups. Females o f  a l l  ages had clear ly h igher  values fo r  PTH than males. 

The average total  in t ra -d iu rna l  var iat ions ( inc lud ing  biological,  p re -  

analyt ical and analyt ical)  fo r  the  d i f f e ren t  g roups  are  g i ven  in Table 3. 

There  were no  signi f icant var iat ions over  the  day  in any  o f  these g roups  

fo r  any  o f  the  var iables studied. 

Table 4 g ives  the  in t ra - ind iv idua l  var ia t ions  b o t h  w i th in  a n d  between 

days. As can be  seen in the  Table the  var iat ions fo r  the calcium measure- 
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ments were somewhat g rea ter  in the  hypercalcaemic ind iv idua ls  than in the  

heal thy subjects. Natural ly,  f o r  a l l  s tud ied  var iables the  in te r -d iu rna l  

var iat ions were grea ter  than the  in t ra -d iu rna l  but general ly the di f ferences 

were small. 

On the  basis o f  these measurements it could b e  calculated tha t  the  

biological SD fo r  t he  Cal values was 0.045 mmol/I for b o t h  heal thy subjects 

and  pat ients w i t h  HPT whi le for CaM it was 0.055 mmol/ l  in bo th  groups. 

Similarly the  biological var ia t ion  fo r  PTH was calculated to  be  0.14 a r b U / I  in 

the  heal thy subjects and 0.09 a r b U / I  in the  pat ients w i t h  HPT. 

Table 1. Mean value, standard deviat ion (SD) ,  and s tandard  e r r o r  o f  
t he  mean (SEM) f o r  t he  measured var iables in the  d i f f e ren t  
subject  groups. 

n Mean SD S EM 

Plasma ionized calcium (mmol/ l)  (Cat )  

Healthy 93 1.203 0.047 0.005 
HPT, Sporadic 52 1.400 0.17 0.024 
H PT /MEN 12 1.416 0.133 0.038 
Non-HPT 43 1.513 0.242 0.037 

Total  serum calcium (mmol/ l ]  (CaT)  

Heal thy 98 2.425 0.082 0.009 
HPT, Sporadic 65 2.836 0.287 0.035 
H PT / MEN 23 2.745 0.192 0.040 
Non-HPT 43 3.103 0.538 0.081 

Serum albumin la / l l  

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-modif ied serum calcium (mmol/ l)  (CaM) 

Heal thy 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 ( a r b  U l l )  

Heal thy 98 0.75 0.17 0.02 
HPT, Sporadic 65 1.27 0.68 0.05 
H PT /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 heal thy subjects separated w i t h  r e g a r d  to  age and 
sex (Mean f SD) . 

AGE 

< 50 years > 50 years A l  I 
(n = 50) ( n  = 48) 

Cal (mmolII) 

Men 1.21 ? 0.05 1.20 f 0.06 1.21 f 0.05 
Women 1.20 ? 0.04 1.21 f 0.04 1.20 f 0.04 

CaT 

Men 2.45 f 0.07 
Women 2.41 f 0.10 

Albumin ( g l l )  

Men 44.2 f 2.9 
Women 44.0 f 3.5 

CaM 

Men 2.40 f 0.07 
Women 2.38 ? 0.08 

PTH ( a r b  U / l )  

Men 0.67 2 0.17 
Women 0.82 f 0.18 

- 

2.40 f 0.08*) 
2.42 f 0.09 

42.2 f 3.3*) 
41.9 f 1.8**) 

2.40 f 0.09 
2.43 f 0.08**) 

0.71 i 0.14 
0.85 f 0.14 

2.43 f 0.07 
2.40 f 0.09 

43.5 f 3.2 
43.0 f 3.0 

2.40 k 0.07 
2.40 f 0.08 

0.68 t 0.16 
0.83 f 0.16***) 

* )  p < 0.05 compared w i t h  men < 50 years. 
**) p < 0.05 compared w i t h  women < 50 years.  

***) p < 0.001 compared w i t h  males. 

Relat ionships between Cal and  CaM 

Both  the  heal thy subjects ( r  = 0.33; p = 0.00 ) and the  HPT pat i -  

ents ( r  = 0.90; p < O . O O l )  d isplayed highly s ign i f i can t  correlat ions be t -  

ween the  values fo r  CaM and  Cal. However, t he  slope fo r  t he  regres-  

sion equat ion was steeper fo r  the  HPT pat ients than fo r  t he  heal thy 

subjects (Fig.  2). There  were no  signi f icant di f ferences as regards  the  

relat ionships between CaM and Cal (data n o t  shown) between HPT 

pat ients and  those w i t h  o ther  causes of hypercalcaemia . Within the  

range o f  CaM values between 2.45 and 2.75 mmoll l  there  was no  s ign i f i -  

cant correlat ion between t h e  CaM and  Cal values f o r  any  o f  t h e  s t u d y  

groups  (Fig. 3). 
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Table 3. Average total in t ra -d iu rna l  var iat ions in heal thy subjects 
( n  = 52), and pat ients w i th  hyperpara thyro id ism ( n  = 50) and 
other hypercalcaernia ( n  = 2)). 

Healthy subjects HPT Non-HPT 

Hour Mean SD Mean SD Mean SD 

08.00 
12.00 
16.00 

08.00 
12.00 
16.00 

08.00 
12.00 
16.00 

08.00 
12.00 
16.00 

08.00 
12.00 
16.00 

Cal (mmol/ l)  

1.15 0.045 
1.15 0.042 
1.14 0.051 

CaT Immol/ l )  

2.45 0.102 
2.45 0.082 
2.47 0.095 

Albumin (911) 

42.1 3.1 
42.9 2.6 
42.9 3.3 

CaM (mmol l l l  

2.46 0.07 
2.45 0.06 
2.46 0.06 

PTH ( a r b  U/I1 

0.80 0.14 
0.80 0.14 
0.81 0.13 

1.40 
1.40 
1.38 

2.90 
2.94 
2.90 

40.0 
40.5 
39.5 

2.91 
2.98 
2.91 

1.16 
1.17 
1.18 

0.179 
0.183 
0.198 

0.375 
0.388 
0.362 

3.7 
4.2 
3.4 

0.39 
0.39 
0.36 

0.53 
0.53 
0.55 

1.37 0.145 
1.36 0.142 
1.32 0.149 

2.80 0.357 
2.79 0.340 
2.77 0.304 

33.7 2.4 
33.1 3.3 
33.2 3.7 

2.97 0.38 
2.93 0.35 
2.91 0.34 

0.78 0.27 
0.78 0.26 
0.80 0.27 

Relationships between CaM and PTH 

There  were no  signi f icant correlat ions between the  CaM and PTH values 

ei ther in the  g r o u p  o f  heal thy subjects ( r  = 0.04) o r  among those w i th  

non-HPT hypercalcaemia (Fig.  4). 
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Table 4. Average total in t ra - ind iv idua l  var ia t ion  w i th in  and between 
days. 

Within-day Between-day 
(SD) (SD) 

Cal (mmol/ l )  

Heal thy 0.019 0.027 
H P T  0.026 0.031 
Non-HPT 0.041 0.060 

CaT (rnmol/l) 

H ea I thy 0.043 0.032 
H PT 0.054 0.071 
Non-HPT 0.050 0.111 

Albumin (gl l )  

Healthy 0.221 1.187 
H P T  1.502 1.750 
Non-HPT 0.992 1.110 

CaM (mmol/ l )  

Heal thy 0.049 0.07 
H PT 0.051 0.07 
Non-HPT 0.063 0.12 

PTH ( a r b  U / I )  

Heal thy 0.044 0.16 
H P T  0.050 0.12 
Non-HPT 0.045 0.05 

When al l  the  CaM values fo r  the  HPT pat ients were considered a highly 

s ign i f i can t  posi t ive correlat ion between CaM and PTH was ev ident  ( r  = 0.62; 
p<O.OOl) as seen in Fig. 4. There  was no  s ign i f i can t  d i f fe rence in th i s  

respect between HPT associated w i th  MEN-1 and the  sporadic form. 

When on ly  CaM values below 2.75 mmol/ l  were considered the re  was, 

however, no  s igni f icant correlat ion ( r  = 0.20; p = 0.30) between the  values 

in the  HPT pat ients (Fig.  5).  
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Fig. 2 .  Relationship between albumin-corrected serum calcium (CaM) and 
plasma ionized calcium ( C a l l  concentrat ions in hea l thy  subjects and 
pat ients w i th  hyperpara thyro id ism (HPT)  . The  in te r rup ted  l ine denotes 
the  regression l ine  fo r  the  heal thy subjects and the  sol id l ine tha t '  fo r  
the  HPT pat ients.  
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Fig. 3 .  Relationship between CaM and Cal f o r  values o f  CaM between 
2.45 and 2.75 mmol/l. 
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Fig. 4. Relat ionship between PTH and albumin-corrected serum calcium 
(CaM) in heal thy subjects, pat ients w i th  HPT and  pat ients w i th  o ther  
causes o f  hypercalcemia (non-HPT).  
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Fig. 5.  Relat ionship between albumin-corrected serum calcium (CaM) and 
PTH in heal thy subjects and  HPT pat ients.  On ly  ind iv idua ls  w i t h  CaM 
values between 2.45 and 2.75 mmol/l are included. 
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Taken as a g roup,  pat ients w i t h  hypercalcaemia due to  o ther  causes 

than HPT had lower values for PTH fo r  corresponding CaM values than 

the  HPT pat ien ts  but there  was a considerable overlap, pa r t i cu la r l y  fo r  

CaM values below 3.0 mmoll l  (F ig .  4).  

Relat ionship between Cal and PTH 

For the  heal thy subjects there  was n o  relat ionship between the  Cal 

and PTH values ( r  = 0.15; p = 0.15). For the  HPT pat ients,  however, 

t he re  was a pos i t i ve  correlat ion ( r  = 0.63; p < O . O O l )  when a l l  values 

were considered, but no t  in on ly  those w i th  CaM values below 2.75 

mmoll l  (Fig. 6) .  

Discr iminant analysis 

As can be  seen from Figs. 2-6 the re  were over laps f o r  CaM, Cal and  

PTH between bo th  heal thy subjects and  HPT pat ients as wel l  as between 

the  la t te r  g r o u p  and those w i th  o ther  causes o f  hypercalcaemia. 

A n  at tempt was there fore  made by means of d iscr iminant analysis to  

find the  most e f f i c ien t  combination o f  t he  laboratory tes ts  f o r  the  

separation o f  HPT from heal thy subjects, and to  d i f fe ren t ia te  between 

HPT and  o ther  causes o f  elevated serum calcium levels. 

T h i s  analysis was ca r r i ed  o u t  in two steps. In the  f i r s t ,  a l l  indivi- 

duals were included. Thereafter,  on ly  those w i t h  CaM values between 

2.45 and  2.75 mmol l l  were evaluated. In bo th  these analyses considera- 

t i on  was g i ven  to  the  age- and  sex var ia t ions  fo r  CaM and PTH in the  

heal thy subjects. The  analysis was performed fo r  a prevalence o f  50 % 

and  w i t h  equal cost-weights g i ven  t o  the  false posi t ives and  false 

negatives. 

T h e  resu l t  o f  t h e  discr iminant func t ion  analyses a re  g i v e n  in Table 

5. In the f i r s t  p a r t  o f  t h i s  analysis, when the  whole range o f  values 

were included, it appeared tha t  measurements o f  CaM suf f i ced  to  p ro-  

v ide  an optimal separation o f  the  g r o u p  o f  pat ients w i t h  HPT from the  

hea l thy  subjects. All t he  hea l thy  subjects had a CaM below 2.657 but 14 

pat ients w i th  HPT were erroneously c lassi f ied heal thy w i t h  th i s  l imit.  In 

th i s  model ne i ther  measurements o f  Cal n o r  PTH improved the  discrimi- 

na to ry  power. 
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Fig .  6. Relat ionship between plasma ionized calcium (Ca l )  and PTH fo r  
the  same ind iv idua ls  as in Fig. 5. 

When, however, the  model was res t r i c ted  to  include on ly  subjects w i th  

values fo r  CaM between 2.45 and 2.75 mmoll l  i t  appeared t h a t  Cal allowed 

considerable addit ional separation o f  the  two groups .  Thus ,  the  use o f  the  

combined measurements resul ted in on ly  two misclassifications (Table 5 

A l l ) .  
In b o t h  these si tuat ions the  div is ion o f  t he  material w i t h  rega rd  t o  age 

and  sex on ly  caused minor al terat ions o f  the  classif icat ions. 

For the  d i f fe ren t ia l  diagnosis between HPT and other causes o f  hyper -  

calcemia w i th in  the  whole range o f  CaM values it tu rned  o u t  t ha t  Cal, PTH, 

and CaM al l  con t r i bu ted  t o  t h e  separation o f  t he  two pa t ien t  g roups  

(Table 5B). The re la t i ve  importance was greatest  for  CaM and smallest fo r  

PTH. Ou t  of 1 3 4  pat ients 26 were misclassified, most o f  them hav ing  CaM 

values below 3.0 mmol/ l  (Fig.  5 ) .  When on ly  pat ients 
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Table 5. Results o f  d iscr iminant analysis. Symbols w i th in  parentheses 
denote the  measurements chosen by the  computer program. 
The classif icat ion in to  g roups  A, and B is performed w i th  use 
o f  a classif icat ion funct ion z = f (CaM, Cal, PTH)  as deter-  
mined in the discr iminant analysis fo r  the actual g roups .  
A n  ind iv idua l  i s  allocated (classif ied) to  g r o u p  A f o r  z<O and 
g roup  B fo r  z>O. 

A. Discrimination 
w i t h  HPT (6) 
, 'A 

b 

between heal thy subjects ( A )  and pat ients 

Classif ied g r o u p  
A B 

I. All Subjects 

a )  A l l  subjects (CaM)') 
Cor rec t  g roup  A 91 0 
Cor rec t  g roup  B 14 74 

Cor rec t  g r o u p  A 50 0 
b )  Men (&MI2)  

Cor rec t  g r o u p  B 1 15 

c )  Women < 50 years (CaM, PTH)3 )  
Cor rec t  q roup  A 2 2  1 

I .  

' Cor rec t  g r o u p  B 1 7 

4)  d )  Women > 50 years (CaM) 
Cor rec t  clroup A 18 0 - .  
Cor rec t  g roup  B 1 2  51 

I I .  Subiects w i th  CaM 2.45 - 2.75 mmol/l 

5) a) A l l  subjects [CaM, Cal)  

Cor rec t  g roup  B 1 31 

b )  Men (CaMj6) 

Cor rec t  g roup  A 29 1 

Cor rec t  g roup  A 16 0 
Cor rec t  g roup  8 0 8 

c )  Women < 50 years (Ca l ,  PTH)7)  
Cor rec t  g roup  A 5 0 
Cor rec t  g r o u p  B 0 8 

8)  d )  Women > 50 years  (CaM, Ca l )  
Cor rec t  g r o u p  A 8 1 
Cor rec t  g r o u p  B 1 19 

1 1  -878572 



TABLE 5. (Cont inued).  

B. Discrimination between pat ients w i th  HPT ( B )  and other 

causes o f  hypercalcaemia (C) .  

An ind iv idua l  i s  allocated to  g r o u p  B fo r  z<O and g r o u p  C fo r  

z>o. 

Classified g r o u p  

I. A l l  Subiects 

a) All subjects (CaM, Cal, PTH) 1) 
Correc t  g r o u p  B 74 14 

b )  Men (CaM)21 

Correct  g r o u p  C 7 14 

Correct  g r o u p  C 12 34 

Correct  g r o u p  B 14 3 

c )  Women < 50 years (PTH) 3) 
Correct  qrouI) B 7 1 
Correct  g r o u p  c 0 5 

d) Women > 50 years (CaM, PTH)‘) 
Cor rec t  g r o u p  B 57 6 
Correct  g r o u p  C 6 14 

II. Subiects w i t h  CaM 2.45 - 2.75 mmol/ l  

All subjects (Car)’) 
Correct  g r o u p  B 22 10 
Correct  g r o u p  c 2 5 

1 )  z = 6.76xCaM-7.13xCal-3.34xPTH 
2) 2 = 2.967 (>  = g roup  C )  
3) 2 = 0.806 ( >  = g roup  B) 
4) z = 4.OxCaM-3.72xPTH-8.64 
5) = 1.293 ( >  = g roup  C) 
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who had CaM values below 2.75 mmol/I were analyzed the  computer p rog-  

ramme on ly  selected Cal measurements to  separate the  two groups  most 

e f f i c ien t ly  (Table 5B 1 1 ) .  

Optimal d isc r im ina tory  levels o f  CaM f o r  screening o f  HPT 

In t he  reference sample g r o u p  o f  heal thy subjects the  d i s t r i bu t i on  o f  

CaM values was close to  Gaussian as judged by stat ist ical  goodness-of 

f i t - tests ( the  Shapiro-Wilks tes t  f o r  n < 50) and the  Kolmogorov-Smirnow 

tes t  f o r  n 2 50). In the  HPT pat ien t  g roups ,  however, the  fit was less 

close. Similar observat ions were made fo r  the  Cal values. 

Since i t  appeared from these calculat ions and plots tha t  the  f requency 

d is t r ibu t ions  fo r  t he  HPT pat ients were fa i r l y  Gaussian over the  r igh t -hand 

side o f  the  c u r v e  but not  o n  i t s  extreme le f t  the  fol lowing procedure was 

ca r r i ed  out:  

The assembled CaM values were reorganized on  the  assumption tha t  they  

cons t i tu ted  a p a r t  o f  a Gaussian d is t r ibu t ion ,  where the  lowest values had 

been omitted. A theoretical Gaussian d i s t r i bu t i on  func t ion  was then f i t t ed  to 

the  t runcated  f requency  d i s t r i bu t i on  giving estimates o f  t he  location ( c )  and 

standard deviat ion (SD). 
Figure  7 shows a Gaussian func t ion  so f i t t ed  us ing  a non-l inear para- 

meter estimation procedure fo r  the  f requency d is t r ibu t ions  fo r  CaM in the  

HPT pat ients.  From th i s  f i g u r e  it can b e  seen tha t  t he  mean value and 

s tandard  deviat ion (c = 2.81 f 0.23 mmol/ l)  f o r  t he  theoret ical  d i s t r i bu t i on  

are somewhat lower than the  cor respond ing  value obtained in a s t ra igh t  

fo rward  calculat ion o f  t he  HPT populat ion (c = 2.91 * 0.30 mmol/ l) .  

The  optimal discr imatory levels o f  CaM were calculated from the  idealized 

cu rves  as funct ions o f  weight ing rat ios ( fa lse posi t ive o r  false negat ive) 

and  fo r  d i f f e ren t  prevalences (Fig. 8 ) .  As can b e  seen the  optimal d isc r i -  

minatory level f o r  a weight ing ra t i o  1:l var ied  from 2.73 mmol/l a t  a p re-  

valence o f  0.1 % t o  2.56 mmol/l when the  prevalence was assumed to  b e  50%. 

Furthermore, for a prevalence o f  50 % the  optimal discr iminatory l imi t  was 

2.63 mmol/l f o r  a weight ing ra t io  o f  1O:l f o r  false pos i t i ve  to  false negative, 

but 2.47 mmol/l f o r  the  reverse  we igh t ing  rat io. 
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Fig. 7. Histogram fo r  the  actual values o f  CaM in pat ients w i th  hyper -  
parathyroidism. The  f i t t ed  theoretical d i s t r i bu t i on  is  indicated by dot ted  
lines. 
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DISCUSS ION 

T h e  present  s t u d y  was conducted w i t h  two major aims. The  f i r s t  was to  

establ ish the  ex ten t  t o  wh ich  measurements o f  plasma ionized calcium and 

serum PTH con t r i bu ted  to  the  separation o f  pat ients w i t h  mi ld HPT from 

heal thy ind iv idua ls  w i th  CaM values in the  upper  p a r t  o f  the  reference 

range as well as in the  d i f fe ren t ia l  diagnosis o f  manifest hypercalcemia. The 

o ther  was to fix the  optimal discr iminatory l imi t  fo r  serum calcium in the  

del ineation o f  mi ld p r imary  HPT from heal thy subjects in the  upper  p a r t  o f  

t he  reference range. 

As a basis fo r  these calculat ions information was col lected fo r  assessment 

o f  bo th  in t ra - ind iv idua l  and in te r -d iu rna l  var iat ions fo r  the  studied va r i -  

ables. 

D iu rna l  var iat ions 

We found on ly  small, stat ist ical ly ins ign i f i can t  var iat ions o f  the serum 

calcium and PTH concentrat ions t h r o u g h  the  day. A peak value fo r  serum 

calcium in the  morning has been descr ibed (13.25) whi le a n  ear,ly morning 

nad i r  o f  total  calcium and  ionized calcium has also been recorded (25,29). 

A d iu rna l  pa t te rn  o f  serum immunoreactive PTH has been repor ted  in 

b o t h  normal subjects and pat ients w i t h  HPT (14,25,29,41) and  also a rela- 

t ionship between PTH and sleep stages (27,39), f ound  no  evidence fo r  

rhy thmic  episodic var ia t ion  o f  calcium o r  PTH during the  day. 

In the  present  s tudy  l i t t l e  at tent ion was paid to  the  inf luence o f  meals. 

A l though it would be  o f  some benef i t  to  have al l  specimens for calcium and 

PTH taken in the  morning w i t h  the  pa t ien t  fast ing it seems tha t  fo r  most 

pract ical  c l in ical  purposes a random sample during the  day  is suf f ic ient .  

The  in te r -d iu rna l  var iat ions were on ly  moderately g rea ter  than the  

in t ra -d iu rna l  var iat ions which were comparatively modest. The  major i ty o f  

these var iat ions could b e  explained by pre-analyt ical and analyt ical var ia-  

t ions, i.e, the  biological var iat ions were small. The 95 % confidence in te rva l  

f o r  a s ingle serum calcium value o f  2.50 mmol could b e  calculated to  be  

2.38 - 2.62 mmol/l. Thus  the cl in ical  rou t ine  which requ i res  several samples 

o n  al ternate days migh t  b e  unnecessary in subjects where the  f i r s t  value is 

lower than 2.50 mmol /I. 
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Aae and sex var iat ions 

T h e  observat ion o f  h igher  CaM values fo r  e lder ly  heal thy women agrees 

w i t h  recent f ind ings  in a large heal th su rvey  (36).  but is in cont ras t  to  

some ear l ier  repo r t s  where lower values fo r  total  calcium in e lder ly  persons 

were recorded (15,26) o r  no change w i t h  age was observed. However, no  

sex o r  age d i f fe rence was found fo r  Cal  in accordance w i t h  p rev ious  

repo r t s  (42). 

We did n o t  find any  s ign i f i can t  age-dependent di f ferences f o r  t he  serum 

PTH concentrat ions. H igher  PTH levels in older persons have prev ious ly  

been repor ted  (1 0,16,22,34,47). However, Marcus e t  al . (34 )  repo r ted  tha t  

when the  values were cor rec ted  fo r  glomerular f i l t r a t i on  ra te  a d i f fe rence 

related to  age was no t  s igni f icant in heal thy subjects. 

Clear ly s igni f icant sex di f ferences were noted in the  present  s tudy ,  f o r  

serum PTH w i th  a 20 % h ighe r  values in females. Similar f ind ings  have no t  

p rev ious ly  been general ly observed (30). The  reasons fo r  the  sex d i f f e r -  

ences are  no t  obvious since they  relate to  b o t h  p re-  and postmenopausal 

females. A n  apparent c l in ical  consequence o f  t he  observat ions t h a t  bo th  CaM 

and PTH are  h igher  in heal thy post-menopausal females is t ha t  t he re  w i l l  be 

an  increased number o f  diagnosed HPT in t h i s  g r o u p  i f  ident ical  cut-of f  

po in ts  a re  used as in males and younger  females, g i ven  the  existence o f  a 

number o f  pat ients w i t h  mi ld HPT who otherwise remain unrecognized. Th is  

migh t  t o  some ex ten t  exp la in  the  apparent ly  h igher  prevalence o f  HPT in 

postmenopausal women ( 1  1 1. 

Delineation o f  HPT 

T h e  avai labi l i ty  o f  measurements o f  plasma ionized calcium a n d  serum 

PTH in cl in ical  pract ice has aroused g rea t  expectat ions fo r  improved diag- 

nosis o f  HPT, regard ing  bo th  the  d i f fe ren t ia l  diagnosis o f  hypercalcemia and 

the  separation f rom the  upper  reference range o f  heal thy subjects. 

Several studies have descr ibed cases where an  elevated plasma ionized 

calcium was found together w i th  a value w i th in  the  reference range fo r  total  

serum calcium, and where subsequent neck explorat ion revealed HPT 

(7,23,32). I t  seems logical t ha t  in some pat ients p ro te in -b ind ing  o f  f ree 

calcium var ies so tha t  t he  total  serum calcium value migh t  be  misleading 

(37). However, if ionized calcium is subs t i tu ted  fo r  total  serum calcium mea- 

surements in the  cl in ical  rou t ine  it seems l i ke ly  tha t  an  over lap  w i l l  occur 

between the  upper  p a r t  o f  t he  d i s t r i bu t i on  o f  t he  reference values o f  
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healthy ind iv idua ls  and the  lower p a r t  o f  the  cor respond ing  d i s t r i bu t i on  

c u r v e  for pat ients w i th  HPT. A t  least in the  present  s t u d y  the  over lap 

between the  two populat ions was o f  a similar magnitude as regards  ionized 

calcium values and total ,  albumin-corrected values. 

The techniques for measurement o f  the  free, ionized, f rac t ion  o f  serum 

calcium have on ly  recent ly become avai lable fo r  general  c l in ical  rou t ine  use. 

Many ear l ier  studies were there fore  performed fo r  t he  purpose o f  developing 

formulas where th i s  f rac t ion  cou ld  b e  estimated from measurements o f  the  

total  serum calcium and  calcium-binding proteins,  p r imar i l y  albumin 

(12,31,35,38). In cl in ical  pract ice it has general ly been considered con- 

venient t o  ad jus t  the  serum calcium according to  the  value o f  the  serum 

albumin from the  reference mean value. Such a cor rec t ion  has been demon- 

s t ra ted  to  improve the diagnosis o f  HPT (43). 

We found, as Brauman e t  al. ( 6 )  t ha t  the  slope fo r  ionized calcium on 

total  (modif ied) serum calcium was steeper fo r  t he  hypercalcaemic pat ients 

than fo r  the  heal thy controls,  i.e. the  pathological condi t ion leading to  a 

r i se  in the  plasma ionized calcium, did n o t  p ropor t iona l l y  increase the  

f rac t ion  bound  t o  albumin. Patients w i t h  HPT consequent ly had h igher  

values fo r  Cal ,  fo r  corresponding values o f  CaM. 

Measurements o f  PTH did n o t  completely separate pat ients w i t h  mi ld HPT 

from heal thy subjects. There  is  a correlat ion between the  glandular mass, 

serum PTH and  serum calcium in pat ients w i t h  p r imary  HPT. Thus  pat ients 

w i t h  the  mildest hypercalcemia have the  smallest glands, o f ten  w i t h  modest 

hyperplasia,  and they  also have serum PTH values close t o  or even w i th in  

the  reference range of heal thy ind iv idua ls  (50 ) .  Furthermore, a t  t he  cel lu- 

lar  level pat ients w i t h  the  mildest hypercalcemia have a close to  normal 

response to  al terat ions o f  the  ambient calcium concentrat ions as regards  the  

release o f  PTH (40.45). 

Evaluations o f  serum PTH concentrat ions must take  in to  consideration the  

facts tha t  several fragments o f  PTH are  c i rcu la t ing ,  and  tha t  the  relat ive 

amount o f  d i f f e ren t  fragments may b e  a l te red  by var ious  d isorders  (1,4,19). 

The  cl in ical  usefulness o f  each assay must there fore  b e  establ ished empir ic- 

a l l y  (7) .  
I 

The  ant iserum used in the  present  s tudy  has a high a f f i n i t y  f o r  in tac t  

PTH. As the re  was a fa i r l y  r a p i d  el imination o f  immunoreactive hormone 

from the  c i rcu la t ion  in pat ients operated fo r  HPT (Fig.  1 )  it seems un l i ke ly  

tha t  f ragments w i t h  a slow el iminat ing ra te  s t rong ly  inf luenced the  assay. 
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Previous invest igat ions w i th  the  same assay have in pat ients w i t h  impaired 

renal  funct ion demonstrated a close correlat ion between serum levels o f  

PTH, bone resorpt ion surfaces and bone formation rates ( 3 4 ) .  

A rap id  increase in the  PTH response to  lowering o f  serum calcium w i th  

EDTA has also been observed ( 3 ) .  A l l  these observations indicate tha t  the  

assay detects mainly in tac t  PTH and on ly  to  a lesser ex ten t  carboxy l -  

terminal fragments o f  PTH which are known to  be  slowly eliminated from the  

circulat ion.  

I t  has been repo r ted  tha t  assay system detect ing the C-terminal reg ion  

of PTH have a grea ter  capacity to  disclose pr imary  HPT on basal mea- 

surements o f  PTH than do  those system wh ich  are  no t  capable o f  detect ing 

rap id  changes in secretion ( 8 ) .  From determinations o f  PTH alone less than 

ha l f  o f  a l l  pat ients w i t h  HPT were clear ly separated from the  heal thy sub- 

jects and the  separation against o ther  causes o f  hypercalcaemia was less 

than 75 %. When the  simultaneously measured calcium concentrat ions were 

also considered be t te r  separations were obtained, but the  del ineations were 

sti l l  n o t  complete, pa r t i cu la r l y  in those w i t h  mi ld  hypercalcaemia. 

PTH is  p r imar i l y  eliminated th rough  glomerular f i l t ra t ion ,  and impaired 

renal  funct ion wi l l  there fore  inappropr iately raise the  PTH levels. Such a 

r i se  in PTH levels i s  more prominent w i t h  assays d i rec ted  towards the  

carboxy-terminal  p a r t  o f  the  hormone. In general,  w i th  o u r  assay system 

moderately impaired renal  funct ion,  w i thout  secondary hyperpara thyro id ism,  

does no t  raise the  PTH levels above the  normal range ( 3 4 ) .  In pat ients w i t h  

hypercalcaemia o f  o ther  o r i g in  than HPT renal  func t ion  is o f ten  impaired 

( 3 3 )  and  the  serum concentrat ions o f  PTH may therefore b e  elevated even 

above the  reference range al though the  secret ion of  PTH i s  in fac t  supp- 

ressed by the  hypercalcaemia. A moderate reduc t ion  o f  glomerular f i l t ra t ion ,  

as evidenced by an increase o f  the serum creat in ine values, was present  in 

several o f  ou r  pat ients w i t h  non-HPT hypercalcaemia, a fact  wh ich  migh t  

explain some o f  t he  over lap  between the  PTH values between the  hyper -  

calcaemic pat ient  g roups .  One pat ient ,  w i t h  sarcoidosis, w i t h  a serum 

creat in ine value around 300 umol/I even had a markedly elevated PTH value 

( 2 . 2  a r b  U / l ) .  

Without per fo rming  neck explorat ion in all hypercalcaemic pa t ien ts  it 

cou ld  n o t  be  de f in i te ly  excluded tha t  some of  them did no t  also have HPT. 

Patients w i thout  malignant disorders,  however, d isplayed normalization of 

t he i r  hypercalcaemia when the i r  under l y ing  disease receded (sarcoidosis, 
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thyrotoxicosis,  immobilisation) and also in most o f  those w i th  malignancies 

the  cl inical p i c tu re  was character ist ic o f  hypercalcaemia o f  o ther  o r i g in  than 

HPT. 

When the  cl in ical  experiences o f  var ious research centers  a re  compared 

the  invest igated pa t ien t  populat ions must also be  considered. A t  our  hospi- 

ta l ,  we have fo r  several years  been in te res ted  in pat ien ts  w i t h  mi ld hyper -  

calcaemia and  also had a l iberal  a t t i tude  towards surgical  treatment o f  

pat ients w i t h  suspected mi ld HPT. In o u r  consecutive series o f  pat ients 

there  are  there fore  many border l ine  serum calcium values. The discovery o f  

a g rea t  over lap o f  PTH values between the pat ients w i t h  mi ld HPT and the  

heal thy reference populat ion should be regarded in th i s  light. If on ly  

pat ients w i t h  high serum calcium values, above 2 .90  mmol/ l ,  had  been con- 

s idered as hav ing  HPT, the  diagnostic d i f f i cu l t ies  w i t h  rega rd  to  bo th  

separation towards the  heal thy subjects as well as against  o ther  causes o f  

hypercalcaemia would have been much less than we now experienced. 

Discr iminatorv analvsis 

The  discr iminatory analysis was car r ied  o u t  in two steps, inc lud ing  f i r s t  

al l  ind iv idua ls  in the  two g roups  t o  be  compared. In a second step on ly  

those w i t h  border l ine  CaM values ( i .e. 2.45-2.75 mmol/ l )  were considered. 

The rat ionale f o r  the  la t te r  res t r i c t ion  was tha t  otherwise pat ients w i t h  the  

most abnormal biochemical deviat ions would af fect  the  discr iminatory func t ion  

ou t  o f  p ropor t ion  to  the desired goal. The cl inical problem, obviously,  does 

no t  consist in separat ing a HPT pat ien t  w i th  a serum calcium value o f  

3.5 - 4 mmol/ l  f rom the  heal thy populat ion but ra the r  t o  disclose the mildest 

form o f  HPT. 

In the  stat ist ical  analyses it was apparent t ha t  measurements o f  CaM 

alone could separate the  major i ty o f  HPT pat ients f rom the  heal thy subjects. 

Th i s  is almost self-explanatory as the  major i ty o f  HPT pat ients have clear- 

c u t  hypercalcaemia. In such instances addit ional measurements (o f  Cal o r  

PTH) cannot allow o f  f u r t h e r  separation. However, when on ly  the border l ine  

ind iv idua ls  were analyzed Cal p roved  to  be  a useful  addit ional determina- 

t ion.  A l though the re  was a general  correlat ion between CaM [and  C a l l  and  

PTH fo r  a l l  t he  HPT pat ients the  mi ld pa ra thy ro id  hyper func t i on  in those 

w i th  the  mildest hypercalcaemia did n o t  resu l t  in s ign i f i can t  elevations o f  

t he  PTH levels and in th i s  area PTH measurements did no t  p rov ide  any 

f u r t h e r  discrimination. 
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Al though the re  were some age and sex di f ferences fo r  bo th  CaM and PTH 

these were apparent ly  no t  such as t o  improve the  discr iminat ion in the  

present  material. 

For the  d i f fe ren t ia l  diagnosis o f  hypercalcaemia it t u r n e d  o u t  t ha t  

measurements o f  PTH were valuable, pa r t i cu la r l y  in ind iv idua ls  w i t h  t h e  

h ighes t  serum calcium values. In addi t ion Cal  values were h igher  fo r  the 

HPT pat ients than fo r  t he  non-HPT hypercalcaemics, pa r t i cu la r l y  w i th in  the  

lower range o f  ra ised serum calcium values. Th is  i s  most l i ke ly  explained by 

an "over-correct ion" o f  t h e  CaM values fo r  t he  decreased serum albumin, 

o f ten  found in pat ients w i t h  hypercalcaemia ( 5 ) .  

Optimal discr iminatory l imi t  

Before calculat ion o f  t he  optimal discr iminatory l imi ts between the  heal thy 

subjects and  pat ients w i t h  mi ld HPT an adjustment o f  the  f requency  d i s t r i -  

bu t i on  c u r v e  for CaM in the  HPT pat ients was performed. The  reason fo r  

t h i s  manoeuvre was the  observat ion tha t  the  calcium values approached a 

Gaussian d i s t r i bu t i on  except  in the  lower p a r t  where there  was a lack o f  

values below 2.60 mmoll l  to  achieve a bel l-shaped curve .  

The  concept o f  llnormocalcemic p r imary  HPT" has been discussed fo r  

several years (23,46,48). Many pat ients repo r ted  to  have normocalcemic 

p r imary  HPT appear t o  have HPT w i t h  a mild, sometimes f luc tua t ing ,  hyper -  

calcemia (24,28). 
However, several  observat ions indicate t h a t  HPT could ex i s t  also in 

pat ients who never d isp lay  raised serum calcium values. For instance series 

o f  pat ients have been presented where neck explorat ion has been ca r r i ed  

ou t  despite constant normocalcemia (17.23) and  where de f in i te  HPT has been 

conf i rmed histopathological ly. In a recent series approximately 40 pat ients 

operated a t  ou r  hospi ta l  had serum calcium values between 2.60 and 

2.80 mmol/l. HPT cou ld  b e  operat ively ve r i f i ed  in a l l  pat ients (50) .  Th i s  

suggests t h a t  some ind iv idua ls  w i t h  serum values below 2.60 mmol/ l  also 

have HPT. T h i s  discussion o f  "normocalcemic HPT I' on ly  serves as an 

explanat ion o f  the  mathematical analysis and  does n o t  c a r r y  any  implications 

as t o  whether such pat ients should be  sought  o r  even less wh ich  t reatment 

i s  optimal. 

On the  basis o f  these resu l ts  we could calculate an  optimal discr iminatory 

l imi t  f o r  HPT o f  2.68 mmoll l ,  assuming a prevalence of 1% and a we igh t ing  

ra t i o  o f  1:l between false posi t ives a n d  false negatives. As mentioned 
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above, however, on ly  posi t ive explorat ions were per fo rmed in consecutive 

pat ients w i t h  such calcium values. If o ther  prerequis i tes a re  correct ,  t h i s  

finding indicates tha t  the  prevalence o f  HPT in a general  populat ion must 

be  considerably h igher  than 1%. In suppor t  of t h i s  view, autopsy studies 

have found adenomatous HPT in as many as 2.4 % o f  ind iv idua ls  above the  

age o f  70, and evidence of hyperp las t ic  p r imary  HPT in fu r the r  7 % (50). 

From Fig. 8 it can b e  seen t h a t  t he  weight ing ra t i o  o f  1:l  (i.e. equal 

importance is  paid t o  false posi t ive and false negat ive classif icat ions) fo r  a 

serum calcium value of 2.60 mmol/ l  corresponds t o  a prevalence in the  

populat ion o f  above 10 %. 
F i r s t  degree relat ives o f  pat ients w i t h  the  MEN-1 syndrome have a 50 % 

r i s k  o f  be ing  ca r r i e rs  o f  the  MEN-1 t ra i t .  In a populat ion w i t h  a 50 % 

prevalence o f  HPT the  optimal discr iminatory l imi t  f o r  serum calcium in the  

present s t u d y  was 2.56 mmol/l i f  it was considered equal ly important t o  

avoid falsely posi t ive and falsely negat ive classif icat ions. It is  a moot po in t  

whether the  we igh t ing  ra t i o  in th i s  par t i cu la r  se t t ing  is d i f fe ren t  from o ther  

s i tuat ions where HPT i s  suspected. Whatever standpoint  i s  taken in the  

ind iv idua l  c l in ical  s i tuat ion it i s  apparent f rom these considerations tha t  in 

MEN-1 relat ives serum calcium values even w i th in  the  reference range might  

be  compatible w i t h  HPT and there fore  necessitate f u r t h e r  investigations. 
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