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The i l lustration on the cover shows a uroscopic tab le wi th twenty 
matulae , each having one of the d i stinctive co lours described in 
the uroscopic manuals of the medieval physi c1an s .  

From a manusc ript i n  the university library o f  Leipzig . 
The i l lustration was kindly provided b y  D r .  A .  Van Den Bon 
In : Het achthonderd jaar oud sint-Janshospi taal van de stad Brugge , 
Dr . A .  Van Den Bon , Brugge , 1974. 



STELLINGEN 

1. Het bepalen van de 24 uurs excretie van calcium 
in de urine dient opgenomen te worden in het 
nefrologisch exploratie programma van diabetische 
kinderen. 

2. De bruikbaarheid van de orale calcium belastings
test in de differentiaal diagnose van hyper
calciurie is vooral toe te schrijven aan de korte 
duur van de test. 

Pak et al., New Engl. J. l\1ed. 
292, 497. 

3. Het advies inzake insuline spuiten uitgebracht 
door het Nationaal Centrum voor Kruiswerk aan de 
apothekers en apotheekhoudende artsen in Neder
land is voor kinderen met diabetes mellitus 
onjuist. 

4. Bij patienten met chronische proteinurie en ver
minderde nierfunctie is het aangewezen de diameter 
van de glomeruli te meten. 

5. Pharmacologische sluiting van de ductus Botalli bij 
pasgeborenen verdient wel de aandacht, maar (nog) 
geen toepassing. 

6. De veronderstelling dat akute post streptokokken 
glomerulonefritis een progressieve aandoening is, 
is onwaarschijnlijk. 

7. Het nut van een groot aantal laboratoriumbepalingen 
bij een gezonde populatie is niet aangetoond. 



8. Bij de kort segment Hirsch�rung dient naast de 
dilatatie ook plaats te wor�en ingeruimd voor de 
posterior myectomie. 

' 

9. Bij kinderen met pseudohypoaldosteronisme wijst de 
bestudering vpn de zoutreabsorptie onder hypotoon 
zoutinfuus op een proximaal tubulair defect. 

10. Ouderparticipatie in de school betekent niet dat de 
ouders plaats nemen in de stoel van de leerkrach
ten. 

11. De lofzang over huishoudelijk werk, als een eer
volle taak voor de vrouw, is een hoffelijke manier 
van de man om dit soort werk aan haar over te 
laten. 

Stellingen bij " Studies on urinary excretion 
of cal ci urn in diabetic children'', 
R. Van Damme-Lombaerts, 15 juni 1977 
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But what I b e l i eve I would try to do i s  to select one question, 
just one, out of the many que stions . It would be a que stion about 
wh ich I could easily collect quantitative d ata from my p atients . I 
would collect the d ata, sort and analyze them, and then I would 
col l e ct more d ata . I b e l i eve that after studious col l ection of 
d ata about a spec i f i c  question for many years, I woul d  surely known 
a l i ttle more, if ever so l ittle more, that would advance knowl edge 
about that s ingle p roj e ct . It seems to me that the d i s c i p l ine of 
constantly collecting, sorting and analyzing d ata would al so sharpen 
my sk i l l s  as a physi c i an .  

A. Kornb e rg . 

New England Journal of Medicine 

294, 1212, 1976. 
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ORIGIN AND PURPOSE OF THE STUDY 

A study on the urinary calcium excretion in diabetic children 
was set up in 1972 after an incidental finding of unexplained 
hypercalciuria in a diabetic boy presenting with a history 
suggestive of a renal colic. 

The purpose of this study was to establish the incidence of 
hypercalciuria in diabetic children and to elucidate the 
pathogenesis and clinical implications of the hypercalciuria. 
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CHAPTER 1 

REVIEW OF THE LITERATURE 

The physiological import�ce of the divalent cation, calcium, 
is well established (Nordin et al . ,  1967 ; Epstein, 1968 ; Manery, 
1969 ; Walser, 1969). 

In neonates and infants the physiology of calcium metabolism is 
quite different from that of adults (David and Anast, 1974 ; Tsang 
et al. , 1976) . When the child is about the age of one year the 
metabolism is similar to that of adults . As all our diabetic patients 
are more than two years old, the literature on the calcium metabolism 
in neonates and infants is not discussed . 

After a short review of the regulation of the blood calcium 
concentration, some non-hormonal and some hormonal factors influencing 
the renal handling of calcium (Bacq, 1964 ; Walser, 1969 and 1973) 
are discussed . 

1.1.  REGULATION OF BLOOD CALCIUM CONCENTRATION 

The blood calcium concentration is maintained within certain 
ranges, and fluctuations in the blood calcium level are kept to a 
minimum (Carruthers et al . ,  1964) . 

35 � to 40 � of calcium in the blood is bound to plasma proteins 
(McLean and Hastings, 1935) and only the unbound fraction can pass 
freely across the glomerular basement membrane (Toribara et al . ,  
1957). Blood-calcium levels are primarily determined by the movement 
of calcium from the bone and from the gut, and are regulated by the 
renal reabsorption of calcium (Nordin and Peacock, 1969 ; Nordin et 
al., 1972/a) . 

As DeLuca reviewed in 1975 and 1976, the parathyroid gland 
senses hypocalcaemia and parathormone is released in response . 
Parathyroid hormone acts directly on bone mobilising calcium, on the 
kidney causing phosphaturia and acts also in the kidney stimulating 
the synthesis of 1,25 dihydroxycholecalciferol (Garabedian et al . ,  
1972) . This hormonal form of vitamin D is responsible for calcium 
mobilisation from intestinal contents without the assistance of 
parathyroid hormone, and from bone together with parathyroid hormone . 

A rise in blood calcium induces an inhibition of the parathyroid 
gland and stimulates the C-cells in the thyroid gland to produce 
calcitonin (Copp, 1967) . The hypocalcaemic effect of calcitonin is 
the result of an inhibition of bone destruction (Milhaud et al . 1965) 
and an increased renal excretion rate of calcium in the kidney 
(Cochran et al . ,  1970) . 
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1.2. RENAL HANDLING OF CALCIUM 

In the human kidney a remarkably effective reabsorption of 
calcium by the renal tubules occurs and only 0.5 to 1 % of the 
filtered calcium appears in the urine. 

Micropuncture and microperfusion studies on animals (Lassiter 
et al., 1963 ; Frick et al., 1965 ; Duarte and Watson, 1967 ; 
Brunette et al., 1969) , provide evidence that calcium is actively 
reabsorbed in the proximal and distal tubule. The bulk of calcium 
reabsorption takes place in the proximal tubule (Lassiter et al. 
1963 ; Duarte and Watson, 1967) , 20% to 25% is reabsorbed in the 
loop of Henle, 10 % in the distal tubule and most of the remainder 
in the collecting ducts (Lassiter et al., 1963). 
There ls no evidence for secretion of calcium by the renal tubule, 
although transtubular flux of calcium can occur in dogs (Ginn et al., 
1959; Bronner and Thompson, 1961) and rats (Frick et al., 1965). 
Also a maximum reabsorptive capacity for calcium has not been 
demonstrated (Massry et al., 1973) . 

Anions which bind calcium in urine are present in concentrations 
higher than that in serum. The influence of these anions on calcium 
binding is conditioned by variations in total ionic strength and pH 
of the urine (Schubert and Lindenbaum, 1952) . 
Different calcium complexes are formed which may be reabsorbed at 
different rates. 

The normal range of urinary calcium excretion in humans varies 
greatly in different parts of the world. Evidence is mounting that the 
calcium excretion has risen during the past twenty years (Nordin et 
al., 1967 ; Nordin et al., 1972/b) . In children the urinary calcium 
excretion is expressed as a function of body weight, and the 
reported values for normal children are discussed in Chapter 3. 

1 .2.1 . SOME NON-HORMONAL FACTORS INFLUENCING U RINARY 

EXCRETION OF CALCIUM 

�x!r�c�llula£ �olume_e���i£n_aud_int�r£ela!i£n�h1P_with �o£i�� 
�x£r�t.!.on 

An increase in urinary calcium excretion in animals occurs if 
sodium is infused (Walser, 1961 ; Antoniou, 1969), even if the aorta 
is experimentally constricted (Levinsky and Lalone, 1963 ; Massry et 
al., 1967/b ; Blythe et al., 1968). These observations indicate 
that the volume expansion due to saline infusion causes a decrease 
in the renal tubular reabsorption of calcium, as well as of sodium. 
Micropuncture studies by Duarte and Watson (1967) demonstrate that 
indeed volume expansion produced by saline infusion decreases the 
proximal reabsorption of both calcium and sodium. 

In animals the relationship between the clearances of filtrable 
calcium and sodium, which is near unity over a wide range of changes 
in sodium clearance (Walser, 1961 ; Massry et al., 1967/b ; Brickman 
et al., 1971), can be modified by the urinary excretion of large 
quantities of unreabsorbable anions, particularly those which complex 
with calcium (Walser, 1961) . Also, when saline infusions are 
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administered with phosphate infusions (Coburn et al . ,  1971), or when 
saline infusions are administered to calcium depleted animals 
(Brickman et al . ,  1971) , the renal tubule reabsorbs calcium in 
preference to sodium . 

Davis and Murdaugh reported in 1970 that the infusion of 
hyperoncotic albumin administered to dogs, a procedure which 
decreases the sodium reabsorption by the proximal tubule, failed to 
increase the renal excretion of calcium . This provides strong 
evidence that it is the extracellular volume expansion produced by 
saline infusions that decreases the distal tubular reabsorption of 
calcium. That the distal segments of the nephron play an important 
role in determining calcium excretion was shown by an increase in 
calcium excretion, without inhibition of sodium reabsorption by the 
proximal tubule, following bradykinin and prostaglandin E2 administra
tion to dogs (Schneider et al . ,  1973) 

£h�ge� in_glome£Ula£ filt£a!i£n_r�t� 
In dogs an acute rise in glomerular filtration rate without 

extracellular volume expansion has little effect on calcium and 
sodium excretion (Massry and Kleeman, 1972) , but a chronic rise may 
be associated with a significant loss of calcium (Massry et al . ,1973) . 

Acute reductions in the glomerular filtration rate reduce the 
urinary calcium excretion in animals (Widrow and Levinsky, 1962 ; 
Blythe et al., 1968) . 

Chronic reduction in the glomerular filtration rate tends to 
decrease the calcium clearance (Hodgkinson and Pyrah, 1958) in the 
human kidney . 

�YEe£C�l£a�mia_ 
The filtered calcium load can be increased by augmenting the 

glomerular filtration rate, resulting in small changes in the urinary 
calcium excretion or by elevating the serum calcium level, causing a 
marked increase in calcium excretion . 
When calcium infusions are administered to animals whereby hypercalcae
mia is produced,the absolute amount of calcium reabsorbed increases, 
but the fractional reabsorption of the filtered calcium decreases 
(Massry et al ., 1968/b ; Coburn et al . ,  1970/a) . This effect could be 
due to hypercalcaemia itself or its suppression of the parathyroid 
gland. The concomitant increase in urinary sodium excretion with 
these calcium infusions, even if the glomerular filtration rate is 
reduced, suggests that the tubular reabsorption of sodium is 
inhibited (Coburn et al., 1970/a) . 

Micropuncture studies located the reduced sodium reabsorption 
during hypercalcaemia in the proximal tubule (Dibona, 1971) and in 
the loop of Henle (Suki et al . ,  1969) . The inhibition of sodium 
reabsorption could be due to hypercalcaemia or competition between 
calcium and sodium for a common transport mechanism . 

�Cid£SiS_ 
As early as 1899 Gerhardt and Schlesinger reported that in 

metabolic acidosis induced by uncontrolled diabetes, hypercalciuria 
usually occurs . 
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An acid-ash diet induces hypercalciuria (Nelson, 1928) in epileptic 
children, and oral administration of hydrochloric acid (Givens, 
191 8 ;  Stehle and McCarty, 1921 ; Logan, 1935) does so in human 
beings and in animals . This hypercalciuria results from a decrease 
in tubular reabsorption as it has been observed when filtered 
calcium is decreased in man (Lemann et al . ,  1967) . The 
hypercalciuric response to metabolic acidosis is not due to 
acidosis itself, as respiratory acidosis does not increase calcium 
excretion in man {Epstein, 1960) and in rats (Silberg et al . ,  1964) . 

During chronic acidosis there is a correlation between the 
urinary excretion of calcium and sodium plus ammonium ions in man 
(Lemann et al . ,  1967 ; Walser, 1971) . 
Acute metabolic acidosis inhibi�s the proximal tubular reabsorption 
of both calcium and sodium, but enhances the Na+ - H+ exchange in the 
distal nephron, causing the increase in clearance of calcium to be 
greater than that of sodium (Stein et al . ,  1968 ; Levine and Nash, 
1971) . • 

�i�r�t1c_ageut� 
Osmotic diuresis induced by mannitol, sucrose, urea or saline 

causes a calciuresis and natriuresis (Walser, 1961 ; Better et al . ,  
1966 ; Blythe et al . ,  1968) . The greater inhibition of reabsorption 
of water in the proximal tubule, compared to sodium decreases the 
concentration of calcium in the tubular fluid and probably inhibits 
the tubular reabsorption of calcium (Massry et al . ,  1973) . 

In the dog those diuretics which affect the loop of Henle and 
distal nephron segments cause a greater increase in calcium excretion 
than those diuretics which primarily affect the proximal tubule 
(Eknoyan et al . ,  1970) . Also in man, diuretic agents have variable 
effects on the urinary calcium excretion . The benzothiazide diuretics 
given over longer periods of time produce a decrease in the urinary 
excretion of calcium in man (Lamberg and Kuhlback, 1959 ; Walser and 
Trounce, 1961 ; Higgins et al . ,  1964 ; Brickman et al . ,  1972 ; 
Parfitt, 1972) and are used for treatment of patients with renal 
stones and idiopathic hypercalciuria (Yendt et al . ,  1970). 

fnge�t1ou 2f_c�r£ohY£r�t� 
The ingestion of glucose, galactose or fructose results in an 

increase in urinary calcium excretion in humans (Lindeman et al . 1964 ; 
Hodgkinson and Heaton, 1965 ; Lindeman et al . 1967 ; Lemann et al . ,  
1970/a), with little o r  n o  augmentation i n  sodium excretion . After 
glucose ingestion the sodium reabsorption increases in the proximal 
tubule and decreases in the distal tubule . A fall in urinary pH and 
an i�crease in acid excretion is seen after glucose ingestion . The 
reduced tubular reabsorption of calcium due to acidosis and glucose 
ingestion is through separate mechanisms (Lennon and Piering, 1970) . 

Perfusion of the proximal tubules of the newt kidney with 
glucose-containing solutions produces a concentration related 
increase in the transtubular potential difference (lumen negative) 
and an increase of active sodium transport (Maruyama and Hoshi, 1972) . 
Kokko (1973) showed that when isolated rabbit proximal tubules are 
perfused wi�h solutions containing mixtures of glucose, alanine and 
bicarbonate the lumen potential which is negative near the glomerulus 
becomes positive later on in the nephron due to the transtubular· 
chloride diffusion potential . The positive lumen potential difference 
facilitates the reabsorption of cations . 
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Using Kokko's model (Kokko, 1973), Lennon et al. (1974) proposed 
that in humans, with the increased glucose delivery to the 
proximal tubule�glucose absorption proceeds along a longer segment 
of the proximal tubule. The glucose absorption augments sodium 
absorption (Hoffman et al., 1969 ; Schloeder and Stinebaugh, 1970) , 
and thereby delays the development of a pos.i tive potential 
difference later on in the nephron and inhibits the reabsorption of 
other cations, such as calcium. 

Qi�t�r� !n!�e_o! £�t�in,_f�t� �o£i�� £alc!um �£ ma&n�s!um 
A high protein diet increases the urinary calcium excretion 

(Margen and Calloway, 1967) in healthy subjects, but a diet rich 
in fat does not (Lindeman et al., 1967). 

In humans the urinary calcium varies with alterations in sodium 
intake (Hills et al., 1959 ; Kleeman et al., 1964 ; Philips and 
Cooke, 1967 ; Epstein, 1968). 

Some dependency of urinary calcium excretion on calcium intake 
has been recognized for many years (Bauer et al., 1929 ; Knapp, 
1947). The efficiency with which calcium salts are absorbed from 
the intestine varies considerably from one individual to another 
(Bhandarkar et al., 1961) , and depends also on the particular 
calcium containing compounds which are ingested. 
Calcium chloride, lactate, gluconate and citrate are absorbed 
relatively rapidly, whereas calcium carbonate and phosphate are not 
(Bhanaarkar et al., 1961) . Peacock et al. (1967) calculated from 
the data of Knapp (1947) that in the majority of people the urinary 
excretion of calcium changes only slightly, even with rather large 
changes in dietary calcium. In normal adult subjects Nordin et al. 
(1972/b) calculated that the slope of the regression equation between 
urinary (mg/24 hr) (y) and dietary calcium (mg/24 hr) (x) was only 
0.056 (y = 0.056 x + 126) . Dietary calcium intake must therefore, 
be very high before it produces hypercalciuria. 

A low magnesium intake decreases and a high magnesium intake 
increases the urinary calcium excretion (Cunningham and Cunningham, 
1938 ; Heaton and Parsons, 1961 ; Alcock and Mcin�yre, 1964 ; 
Heaton, 1965 ; Clark, 1969/b) . 

Eh2S£h�t� £e£l�t!on �£ lo�d!n& 
During phosphate depletion a marked hypercalciuria occurs in 

humans (Lotz et al., 1968) and animals (Day and McCollum, 1939 
Young et al., 1966 ; Coburn and Massry, 1970/b) caused by a 
reduction in tubular reabsorption of calcium, which is not due to 
changes in the tubular reabsorption of other ions (Coburn and Massry, 
1970/b) . Extrarenal mechanisms related to events occurring in bone 
or secondary hyperparathyroidism, may contribute to the 
hypercalciuria. 

In contrast, the acute oral or intravenous administration of 
phosphate is associated with a significant reduction in urinary 
calcium (Albright et al., 1932 ; Bernstein and Newton, 1966 ; 
Hebert et al., 1966 ; Massry et al., 1968/c; Coburn et al., 1971) , 
and mild hypocalcaemia can occur (Smith and Nordin, 1964). 
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�c!i:Y.i!Y_ 
The urinary excretion of c al c ium and sodium decreases after 

exerc i s e , prob abl y  due to the decre ase i n  the fil tered load of these 
ions wh i ch is due to the sl ight fal l in glomerular fil trat ion rate 
during exerc i s e  ( Kattus et  al . ,  1949 ; He aton and Hodgkinson , 1963 
Louti t ,  1 9 65 ) . Bed rest l e ads to an increase in urinary calc ium 
excretion ( Cuthbertson , 1 9 2 9 ) ,  which can not be prevented by a low 
c a l c ium intake ( Howard et al . ,  1945 ) and is due to a rel ative 
increase in rate of bone resorp tion .  

Qi�r�al y_a£i�tio� 

Many i nvestigators have reported a diurnal vari at ion in the 
urinary excret ion of calc ium ( He aton and Hodgkinson , 1963 ; Wes son , 
1964 ; Edwards and Hodgkinson , 19 65/b ; Briscoe and Ragan , 1 9 6 6 ) . 
A rap i d  rise in the urinary calc i um excret ion to a maximum during 
the l ate morning whi ch coinc ides with , or sl ightly precedes ,  the 
peak in urinary sodium excret ion , is fol l owed by a decrease in the 
afternoon and a ri se during the evening , and again a decrease 
during the night ( He aton and Hodgk inson , 1963 ) . The mid ' d ay peak in 
the c al c ium excret ion re lates to the hours food i s  t aken as th i s  
peak i s  e l iminated during fasting ( Mcintosh et al . ,  1962 ; He aton and 
Hodgkinson , 1 9 63 ) , or by giving food at regul ar intervals around the 
c lock ( Lout i t ,  1 9 65 ) . 

�e�S£n�l_v�ria!i£� 

Morgan et al . ( 1 9 7 2 )  and Robertson et al . ( 1 974 ) reported a 
seasonal v ar i ation in urinary c al c ium excret ion , with a maximum 
excret ion in Jul y  and August and a minimum in Decemb er and January . 
The d i fference b etween the mean values in summer and winter was 
1 20-150 mg/24 hr . These se asonal variations in the d ai l y  urinary 
excret ion of c al c ium can t ake p l ac e  independently of change s in the 
d i e t ary calc ium intake ( Transbol et al . ,  1 9 7 5 ) . 
The seasonal changes in urinary c al ci um  fol low the monthly pattern 
of hours of sunshine , and changes in vitamin D leve l s  were therefore , 
thought to be the c ause . However ,  the peak in serum level of 2 5-
hydroxychol e c al c i ferol occurs in the late summer (Mc Laugh l i n ,  1974 ; 
Stamp and Round , 1974) . 

1.2.2. SOME HORMONAL FACTORS INFLU ENCING URINARY 

EXCR ETION OF CALCIUM 

Ea£a!h�r£i� �O£m£n� 

Many c l in i c al and expe riment al cond i tions , such as 
p arathyroidec tomy in animals and in patients with parathyroid 
adenom as ,  provide evidence that p arathyroi d hormone increases 
tubul ar reabsorption of c al cium for any l evel of the fil tered load 
of calc ium wi thout changing the renal excret ion of sodium ( Talmage 
and Kraint z ,  1954 ; Talmag a ,  1956 ; Canary and Kyle , 1959 ; Kleeman 
et al . ,  1 9 6 1  ; Wal s e r ,  1 9 7 3 ) . 
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After the admini stration of parathyroid extrac t the urinary c al c ium 
excret ion may be reduced in humans as we l l  as in experimen tal 
animal s ,  ( Kl e eman et al . ,  1961 ; Wi drow and Levinsky , 1 962 ; 
Bernstein e t  al . , 1 9 63 ; Edwards and Hodgk inson , 1 9 6 5 /b ; E i s enberg , 
1965 ; Bethune et al . ,  1 9 6 8 )  but mos t commonly no change ( Buchanan , 
196 1 ) , or an increase i s  seen ( Albright et al . ,  1 9 2 9  ; Pechet et al . ,  
196 1 ) . 

Stop-flow (Widrow and Levinsky , 1 9 62 ) ,  mi cropunc ture (Agus e t  
al . ,  1 9 7 1 )  and c l e arance s tudies ( Massry et al . ,  1 9 6 8 /b ) i n  an imal s 
located the effe c t  of parathyroid hormone on the c al c ium reabsorption 
primarily in the d i s t al nephron . 

!h.zrQ,c2_1.£i!o!li!l 

Thyroc al c i tonin increases the urinary excretion of c a l c i um and 
sod i um in normal sub j e c t s  and patients with hypoparathyroidism 
( Cochran et al . ,  1970 ; Pai l l ard e t  al . ,  1 9 72 ) . As the increase of 
urinary sod i um produced by c a l c i tonin is due to decreased 
reabsorption in the proximal nephron ( P ai l lard et  al . ,  197 2 ) , it  i s  
l ikely that the incre ase in the excretion o f  calc ium i s  due also to 
an i nh ib i t ion of the reabsorpt ion in the proximal tubul e .  

Q. r.Q_ w!h _ h .Q.I'!!!.O !l e_ 
Growth hormone incre ases the urin ary excre t ion of calc ium in man 

wi thout changing the level of serum c a l c i um ( Ikkos e t  al . ,  1959 ; 
Beck et al . ,  1960 ; Henneman et al . ,  1960 ; Hanna et al . ,  1961  ; 
Karam et al . ,  1 9 6 1 ) , suggesting a decreased tubul ar re absorp t i on of 
c al c ium . Patients w i th acromegaly often show hyperc alc i uria and c an 
deve l op renal s tone s  (Bauer and Aub , 1941 ; Harrison et al . ,  1960 ; 
De Gennes et al . ,  1 9 6 1 ) . 

!h.zr.Q.i£ !::!.O!:m£11� 

Hypercal c iuri a accompanies hyperthyro i d i sm , and a reduc tion i n  
urinary calc ium excretion , hypothyroi d i sm ( Aub et  al . ,  1929 ; Krane 
et al . ,  1956 ; Kleeman et al . ,  1958 ; Cook et al . ,  1959 ) . The 
c al c ium balance is d i stinctly negative in hyperthyroidism ( C ook et 
al . ,  1 9 59 ) , sugge sting that the effe c t s  of thyroi d  hormone on the 
kidney are due to the effe c t s  of the hormone on bone metabol i sm . 

Y.i!CI!!li!l Q 
Vitamin D and i t s  2 5-hydroxy l ated derivative increase the 

urinary e xcret ion of c a l c ium i n  human as we l l  as in an imal s ( Hanna ,  
1961 ; Li tvak e t  al . ,  1958 ; E dwards and Hodgkinson , 1 9 6 5 / a ; 
Puschett et al . ,  1 9 7 2 ) . 

Fol lowing the identification of 1 , 2 5-dihydroxycholec al c i ferol 
( Ho l i ck et al . ,  1971  and 197 2 ) , DeLuca ( 1 9 7 6 )  hypoth e s i sed that 
1 , 25-d ihydroxychole c al c i ferol directly s t imulates the intest inal 
absorpt ion of calc ium in the absence of p arathyroid hormone , but 
mob i l i se s  c al c ium from bone onl y  in the presen c e  of p arathyroid 
hormone . Stanbury ( 19 7 6 ) sugge sted that the ac tion of 1 , 2 5-
dihydroxychol e c a l c i ferol on the gut i s  perm i s s ive , and that other 
factors de termine the quanti t at ive extent of inte s t inal c a l c ium 
ab sorp t i on .  
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�d£eno£O£t!c�l_sie£oid� 

In humans glucocorticoids c ause o s teoporo sis and an inc reased 
urinary cal cium excretion ( Pechet et  al . ,  1959 ; Edwards and 
Hodgkinson , 1 9 6 5 / a )  due to the c at ab olic action o f  these hormones , 
and prob ab l y  p artly due to an inc re ased glomerul ar fil tration rate 
( Bethune , 1962 ) . 

The acute administration of mineralocorticoids h as no 
influenc e on c alcium excretion in man o r  dog ( Massry e t  al . ,  1967 / a; 
Lemann e t  al . ,  1970/b ) ,  but the chronic administration increases the 
urinary c al cium excretion (Massry et al . ,  1 9 6 8 / a ) . The sodium 
retention that o ccurs during pro longed mineralocorticoid 
administration l e ad s  to extracel l ul ar volume expansion , and this 
produces a decre ase in the p ro ximal tubular reabsorption of sodium 
and c al cium . By promoting the sodium but not the c al cium 
re ab sorption in the dist al segment of the nephron an increase in 
urinary c al c ium excretion is p roduced . 

�ii£i�r�t!c_h£rmo n� 

When lysine vasopressin or Pitressin ( R )  was administered to 
human beings an inverse correl ation b etween c al cium excretion and 
urine fl ow was found by some investigators ( Dicke r and Eggleston , 
1 9 6 1  ; Nielsen , 1 9 64 ) , but not by o thers ( Gardner et al . ,  1 9 6 2  ; 
Leaf et al . ,  1963 ; Fisch et al . ,  1965 ) . 

Qt!!e£ h.O£m£n�s-

C atecholamine s  ( Morey and Kenney , 1964 ) , glucagon ( Charbon et 
al . ,  1 9 63 ; Pul lm an  e t  al . ,  1 967 ) and angiotensin ( Gantt and C arter , 
1 9 64 ) , al l increase the urinary excretion of c al cium in animal s .  

Oestrogens reduce the urinary exc retion o f  cal cium in e l derly 
women ( Acke rm an  et al . ,  1954 ) . 

Androgens reduce the urinary c al cium exc retion or h ave no 
effect ( Fischer and Hast rup , 1964 ) . 

1.3. CAUSES OF H YPERCALCIURIA 

There are many factors influencing the urinary c alcium 
excretion and many c l inical dise ases are associated with 
hypercal ciuria ( Fourman , 1 965 ; Massry et al.,  1 9 73 ) . The c ause for 
the hyperc alciuria such as excessive intake of c al cium or vitamin D ,  
hyperparathyroidism , o ther endocrinopathies ,  bone diseases ,  or 
dise ases associated with renal tubular defec t s ,  can often not be 
establishe d .  
In these circumst ances the se patients are then cl assified as bel onging 
to the group h aving "idiopathic hyperc al ciuria" ( Fl o ck s ,  1 940 ; 
Albright et al . ,  1953 ; Henneman e t  al . ,  1958 ; Parfitt et al . ,  
1964; Edwards and Hodgkinson , 1 9 6 5 /b ) . 

Two major c auses are proposed for the hyperc al ciuria in 
idiopathic hypercalciuri a .  
The first i s  a n  enhanced intestinal absorption of c al cium : ab sorptive 
hyperc al ciuria ( Dent and Watson , 1 9 6 5  ; Eisenberg , 1 9 6 5  ; Nordin e t  
al . ,  1 9 6 7  and 197 2 /b ; P ak et  al . ,  1 974 ) . Wi th rigid res tr i c tion o f  
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d i e t ary c al c ium the urinary excretion of calc ium fal l s  (Nordin et  
al . ,  1 9 6 7 ) . 
The second is a primary defect in the renal tubular reab so rp t i on o f  
c al c ium : renal hypercalciuria (Edwards and Hodgkinson , 1965/b ; 
Coe et al . ,  1973 ) . 

Coe e t  al . (1 9 7 1 ) reported incre ased levels of c i rculat ing 
parathyro id ho rmone in many patients wi th i diopathic hype r c al c iuria .  
They sugge sted th at i t  i s  h i ghly unl ikely that a normoc al c aem i c  
form o f  p rimary hyperparathyro idi sm (Wi l l s  et  al . ,  1969/b ) i s  the 
basis o f  id iopathic hyp e rc al c iuri a ,  because the p arathyro id hormone 
l eve l s  are not e levated in all p atients and ,  when the p arathyroid 
hormone l evels are h i gh they are l owered when the hypercal c iuria is 
supp ressed with th i azide . Coe et al . (1 9 7 3 ) hypothe s i s ed that 
idiopathic hypercalciur i a  is often due to a p rimary renal defe c t  of 
calc ium hand l ing that l e ads to se con d ary hyperparathyroi d i sm .  
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CHAPTER 2 

PATIENTS, HEAL THY CONTROL CHILDREN, 
PROCEDURES AND METHODS 

2.1. PATIENTS 

The s tudy was s tarted in 1972 and all c h i ldren with d i abe tes 
me l l i tus attending the d i ab e t i c  c l in i c  partic ipated in i t . New 
patients were adm i tted to the s tudy , provided they h ad rece ive d  
insul in fo r at l e as t  o n e  month . 
In total forty-seven diab e t i c  ch i l dren were s tudie d ,  age d  2 . 9-16 . 5  
years . 
F i g . 2 . 1 .  i l l us trates the chronological age d i s tribut ion and t ab l e  
2 . 1 .  l i s t s  the age , durat ion of d i abetes , he ight and weight of the 
d iabe t ic boys and girls when fi rst stud ied . 

Tab l e  2 . 1 .  : Age , durat ion , height and weight of the d i ab e t i c  boys 
and g i r l s  at the onset o f  the s tudy . 

Boys (n= 2 7 )  Girl s ( n= 20 ) 

Mean .±. 1 SD Mean .±. 1 SD 

Age ( yr )  1 1 . 02 .±. 3 . 94 1 1 . 66 .±. 3 . 32 

Durat ion of 4 . 30 .±. 3 . 23 4 . 23 .±. 3 . 52 
d i abetes ( yr )  

Heigh t  ( SDS ) + 0 . 50 .±. 1 . 1 5 + 0 . 2 5  .±. 0 . 8 6 

Weight ( SDS ) + 0 . 32 .±. 1 . 1 2 + 0.17 .±. 0 . 8 5 

All  chil dren received long-ac t ing insul ins , l ente ( NovoR ) and 
semi -lente ( NovoR ) and fo l l owed a prescribed diet . The mean 
durat ion of the insulin administration to the chil dren , when they 
we re s tud i e d  for the first time , was 4 . 3  ye ars ( range : 1 month -
1 2 . 5  years ) .  The c aloric content of the prescribed diet taken as 
three me al s and three snacks , consisted o f  45 % - 55 % c arbohydrate , 
35 % - 40 % fat and 15 % - 20 % protein . Sweets and food of a high 
c arbohydrate content were omitted from the diet . Exchange l i s t s  were 
used . No extra vitamin D was p re s c ribed . 
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2.2. HEAL THY CONTROL CHILDREN 

The urinary excre tion of several sub stance s  was studied in 
sixty healthy children , age d 3 . 3  - 1 6 . 3  years, in J une 1975 . These 
children did not receive any medic ation or extra vitamins . All  of 
them were child ren o f  members of the medical o r  nursing s t aff or 
their friends .  Onl y  familie s  where the parents were sure that 
accurate fac t s  could be ob t ained coope rat e d  with this study . Th e 
dietary habits of the children were not changed . The me an c aloric 
intake consisted of 45 % - 49 % c arbohydrate , 38 % - 43 % fat , and 
11% - 13 % "p ro tein .  

Fig . 2 . 2 .  shows the chronological age distribution and tab l e  
2 . 2 .  l i s t s  t h e  age , height and weight of t h e  twenty-nine boys and 
the twenty-seven girl s .  

Tab l e  2 . 2 .  : Age , height and weight o f  the heal thy boys and girl s .  

Boys (n= 2 9 )  Gir l s  ( n  = 27) 

Mean :!:. 1 so Mean :!:. 1 so 

Age (yr )  9 . 2  :!:. 3 . 1 1 10 . 08 :!:. 3 . 73 

Height ( SOS) + 0 . 33 :!:. 0 . 87 + 0 . 5 1 :!:. 1 . 17 

Weight ( SOS) - 0 . 20 :!:. 0 . 90 - 0 . 12 :!:. 0 . 75 

The urinary cyc l ic AMP excretion was s tudied in a fasting 
s t ate for 2 hours allowing 200 ml of water at the onset of the 
c o l l e c tion p e rio d ,  in seventeen heal thy children , aged 3 - 15 ye ars , 
while at home . 

A fasting b lood s amp l e  was t aken for serum FFA ,  after informed 
consent was obt aine d from the pare nt s ,  from thirty-seven children 
aged 4 - 17 ye ars hospitalised fo r e l ec tive minor ope rations . In 
twelve of the s e  chil dren iPTH was also determined . 

2.3. PROCEDURES 

The e stimation o f  the die t ary intake in the diabetic children 
was b ased on analysis of the die t they received in the hospital , and 
also by asking what amount s  of foods and fluid were ingested the 
previous d ay .  

On an out-patient b asis at regul ar interval s and during annual 
check-ups of the p atients in the hospit al , 24 hour urine samples 
were c o l le c t e d  in bottles which did n o t  contain any preserv atives or 
acid. To minimise the precipitation o f  c al cium s al t s  the urine was 
kept at room temperature . The day the urine c o l l e c tion was 
termin at e d  the urinary analyses were performed .  
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From e ach o f  the sixty healthy chil dren one 2 4  hour urine sample 
was col lected at home , in the same manner as that for the diab e tic 
chil dren . In the se chil dren the diet ary h abits were not changed 
during the urine coll e c tion period and the amounts of food and fluid , 
estimated by weighing and measuring , were recorded by the p arent s .  

The comp leteness o f  each 2 4  hour urine c o l l e c tion was j udged on 
the c re atinine e xc retion . For the healthy control chil dren and also 
for the diabe tic chil dre n ,  the c orrel ation be tween the body surface 
and the 2 4  hour urine c re atinine excretion proved to be more reliab l e  
t h an  simil ar equations with body weight , height or age . 
The 24 hour c re atinine excretion (mg ) for the healthy children was : 
1 , 00 1 . 18 x body surface (m2 ) - 400 . 97 
(r = 0.8 91; p < 0 . 01; n = 5 6; e stimated standard deviation of error : 
139 . 44 )  
an d  for the diabe tic children : 
1 , 20 2 . 97 x body surface (m2 ) - 5 50.42 
(r = 0 . 8 62 ; p < 0 . 0 1; n = 47; estimated standard deviation of e rror 
2 2 7 . 63 ) .  
The 2 4  hour urine c o l l e ction of a child was excluded from the s tudy 
if the c reatinine excretion was out side the l imits of confidenc e .  

For the determination of the urinary hydroxyproline excre tion 
the diabetic children were kept on a ge l atin-free diet the day of the 
urine collection and for two d ays p rior to it . 

In the diabetic chil dren urine was al so col lected from 7 a . m .  -
12 noon , 12 noon - 5 p . m . , 5 p . m .  - 1 0  p . m . , 1 0  p . m .  - 7 a . m . 

During the yearly one day in-patient check-up of the diab e tic 
children , blood glucose was estimated at 11 . 30 a . m . , 3 p . m . , 5 p . m . , 
10 p . m . , 4 a . m .  and 8 a . m .  After an overnight fast the urine was 
col lected from 7 a . m .  to 9 a . m .  for studies on the renal hand l ing o f  
phosphate and c reatinine c l earance , an d  urinary acetone determination . 
At 8 a . m . , while stil l fasting and not having yet rec eived insulin , 
a blood samp l e  was t aken for the determination o f  c alcium , phosphate , 
magnesium , creatinine , alkaline phosphat ase , albumin and free fatty 
acids . 
The d ay b efore the ho spitalisation 2 - 8 extra units of insulin were 
administered to avoid high b l ood glucose l evel s .  
While in ho spital , one year o ral c alcium , and anoth e r  year 
indomethacin was administered to the children who were kept fasting 
from 7 p . m .  until 10 a . m . the next day . 
Distil led water was given at specific times to ensure an adequate 
urine flow during the study : 2 50 ml at 8 p . m. and again at 10 p . m . , 
150 ml at 6 a . m . , 7 a . m .  and 9 a . m  . .  The d aily insulin administ ration 
was del ayed until completion of the test at 10 a . m .  Urine was 
c o l l e c ted from 6 a . m .  until 8 a . m .  ( control perio d )  and from 8 a . m .  
until 10 a . m .  (test period ) .  Blood samples were taken a t  8 a . m .  and 
at 10 a . m .  The oral c alcium an d  indomethacin tests were explained 
to the p arents and the children .  Only when signed informed consent 
from the p arents was obt ained could their children p articipate in 
the se inve s tigations . 
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2A.GENERALMETHODS 

In the d i ab e t i c  chi ldren the me asurement o f  he ight was 
performed according to Tanner e t  al . ( 1966 / a  and 1 966/b ) us ing the 
Harperden s tadiomete r .  The measurement of wei�ht was performed with 
b e am scal es . 
The healthy contro l  chil dren were measured and we ighed by the i r  
p arents a t  home . 

The d i e t ary intak e  of fat , p ro t e in , c arbohydrate , calc ium and 
pho sphate was e s t im ated us ing the Dutch food t ab l e s  l is t ing the 
contents of these subs tanc e s  ( Nederlandse Voedingsmiddelentab e l , 1 973 ) . 

Urine pH was determinated b y  d i p  strip me thod (Me rck ) or wi th a 
pH meter ( PHM G2 Stand ard pH m e t e r ,  R ad iometer , Copenhage n ) , the 
p resence of acetone and of ketone bodies were determ ined by the 
ace test ( Ame s )  and by ketostix ( Ame s ) ,  respective l y . Later on in the 
study urinary ace tone was measured gaschromatograph i c a l ly ( Packard
Becke r ,  Model 409 , 2 m  x 2 mm i . d .  glascolumn p acked with Chromo sorb 
102 , 80-100 mesh , FID detecto r ) . 

Quanti tat ive glucose analys is in urine was performed with a Thorn 
automatic polarime ter ( Tho rn Automat ion Limi ted , No t t ingham , England ) ,  
wh ich i s  an e l e c tronical ly contro l l e d , s e l f  balanc ing photo-e lectric 
pol arime ter . 

In the l aboratory the urine was shaken we ll , and after measuring 
the volume the al i quots t aken for the de term ination of the calc ium 
content were ac id ified to pH 4 ,  by means of 25 % w/v hydrochloric 
ac id . 
All  urinary assays , except magnesium ,  were performed by au tomated 
me thods on cont inuous flow sys tems ( Auto-analyse r-I and SMA-6 from 
Technicon Ins trumen ts C orporat i on , T arrytown , N . Y . ) .  C al c i um was 
de termined acco rd ing to the method of G i t e lman ( 1967 ) ,  based on the 
reac tion with cresolphtalein complexone , inc luding the use of a
hydroxyquinol ine to virtual l y  e l iminate the interference of magne sium . 
Inorgan ic phosphate was determined according to the method o f  Amador 
( 1972 ) ,  b ased on the formation of phosphomolybdi c  acid . The determina
tion o f  magnesium ( Bohnon , 1962 ) ,  creatinine ( Chasson et al . ,  1 96 1 )  
and chloride ( Skeggs and Hochstras se r ,  1 964 ) was based o n  the 
re ac t i on wi th xyl idylb lue , alkal ine pi crate and mercuric thiocyanate , 
re spective l y .  Sodium and potas s ium were simu l t aneously de termined 
using a two-channel flame photome ter wi th l ithium as in ternal standard . 
The prec i s i on of the me thod for de termin ing the urinary concentrat ion 
of the d i fferent sub s tanc es was es timated by stati s t i c al analys i s  of 
fifteen determi nations on the same b atch and o f  determinations on the 
same spec imen twenty consecut ive days ( t ab le 2.3 . ) .  The coeffi c ient 
of vari ation for these determ in ations was b e low 3 %, except fo r 
magne sium ,  whe re it was 5 . 6 % in the d ay to d ay variation and 4 . 2  % 
within the b atch variation . 
The accuracy was tested by regre s s ion anal ys i s  in a d i l u t ion curve . 
The intercept was always zero . The coeff i c i ent of variation was less 
than 2 % in all instance s . The curve was strictly l inear . 

Calc ium ion in t ap water was determinated by a ti tration method 
with murexide as ind i c ato r .  

Urinary c yc l ic AMP was measured by a compe ti tive b inding ass ay 
u s ing a commerc ially av ail ab l e  k i t  ( Radio Chem i c al Centre , Amersham , 
Buckinghamshire , England ) .  
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Table 2 . 3 .  E s timation o f  the prec i s i on o f  the methods for the determination o f  several 
urinary sub stance s .  

Day t o  d ay variation Within batch variation 
( n  2 0 )  ( n  = 1 5 )  

Mean + 1 SD Coefficient of Mean + 1 SD Coeffi cient of 
vari ation variation 

sodium ( mEq/ 1 )  84 .:!:.. 1 1 . 2% 84.:!:.. 0 . 7  0 . 8  % 

po tassium ( mEq / 1 ) 27 + 0 . 9  3 . 0  % 28 + 0 . 6  2 . 0  % 

ch loride (mEq/ 1 )  9 4  + 1 .  6 1 . 7% 95 .:!:.. 1 . 0  1 . 1% 

creatinine (mg/dl ) 66 + 1 . 5  2 . 3 % 66 .:!:.. 1 . 1  1 . 7% 

calc ium (mg/ 1 )  1 1 9.:!:,.1 . 7  1 . 4% 1 20 .:!:.. 1 . 0 1 . 7% 

phosphate ( mp,/1 ) 410 + 5 . 5  I 1 . 3% 410 + 3 . 4  0 . 8  % 
I 

magnes i um (mg / 1 ) 39 + 2 . 2  I 5 . 6 % 40 .:!:.. 1 .  7 4 . 2  % I 
I I 



Urinary hydroxyproline analyses were performed with the 
Hypronosticon kit (Organon Technika, Oss, The Netherlands). This 
method is based on the Stegemann (1958) procedure modified by 
Goverde and Veenkamp (1972). 

Serum calcium, phosphate, magnesium and creatinine determinations 
were performed with the same methods employed for the urinary 
determination of these substances. 
Serum ionised calcium was determinated with an Orion SS-20 ionised 
calcium Analyser (Research Inc. 1975, U.S.A.). Serum alkaline 
phosphatase was determined according to the method of Morgenstern et 
al. (1965). 
Blood glucose was measured by the glucose-oxidase method (Saifer and 
Gerstenfeld, 1958). The serum free fatty acids were estimated 
celorimetrically (Regouw e� �1., 1972). 
Blood pH, actual bicarbonate and standard bicarbonate were performed 
on an I . L. 313 digital pH blood-gasanalyser (Instrumentation 
Laboratory Inc., Lexington, Massachusetts, U. S.A. ) .  

Plasma PTH, hCT and hGH were measured b y  radio-immunoassay. 
Plasma iPTH was determined with a slightly modified method of Lequin 
et al., (1970). Values exceeding 0.25 ng equiv. b. PTH/ml were 
considered as elevated. Plasma hGH was determined according to the 
method of Touber (1964) after the modification of Schopman and 
Hackeng (1971) and plasma hCT according to the method of Hackeng et 
al. (1970). 

Indomethacin was determined in serum according to the method of 
Holt and Hawkins (1965) after the modification of Hvidberg (1972) . 

X-rays of the left hand and wrist were taken according to Tanner 
and Whitehouse (1962). The length (L) of the second metacarpal bone 
was measured with a ruler, and the external diameter (D) and the 
internal diameter (d) of the cortex at the midpoint of the shaft were 
measured with a measuring lens (Flubacher & Co, Horgen, Switzerland) 
to the nearest tenth of a millimeter (fig. 2. 3.) . The measurements 
were taken again one month later by the same person. 
The average of the two measurements was used for the calculations thus 
diminishing the variability of the measurements (Naor et al. , 1972) . 

fCLI'!!!.U.!,a_ 
The standard deviation score (SDS) for height and weight was 

calculated according to Tanner et al., (1971) : 

SDS : X ; X 
X is the measurement, X the mean at

X
the relevant age and sx the SD 

at that age, 
The tables of van Wieringen (1972) for Dutch children were used for 
the mean height and weight, and the standard deviation at the relevant 
age. 

The values of the tubular maximum reabsorption of phosphate per 
100 ml glomerular filtration rate (TmP/GFR) were calculated using the 
formula of Bijvoet (1972) . 

When TRP < 80 % TmP /GFR 

When TRP > 80 % TmP/GFR 

TRP x (P) 

= [e 10.3180af 
CP04 

X= 
Cere at 
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D - d 

D d % -D-

D2 - d 2 

D2 X 100 

@---r-
=]� D 
- - - -

L 

corti cal thickness 

cortical index 

cortical area index 

percent cort ical area 

o2 - d2 
index o f  Exton-Smith 

DL 

F i g .  2 . 3 .  Measurements taken from the X-ray of the second 
metacarpal bone , and the calculations based on these 
measuremen ts . 

On the basis of the measurements o f  the l e ft sec ond metacarpal 
bone ( fi g .  2 . 3 . ) the cortical thickness can be obtained by a simple 
subtrac t ion D - d ,  for whi ch Garn e t  al . ( 1967 ) pub l i shed s t an dards 
for Ohio wh ites , and Bonnard ( 1968 ) for Swis s  chil dren . 
The rat io o f  the corti cal thi cknes s  to the total diameter of b one 
i s  known as the cort ical index � % . 

D 

Thi s  index i s  constant in young adul ts ( Barnett and Nordin , 1 9 6 1 ) . 
However ,  in c h i ldren a defect in the bone cortex may be accompani e d  
by a defect i n  the growth o f  the bone in width, b ringing the index 
back t o  normal in sp ite of an abnorma l i ty such as osteoporo s i s . 2 2 Exton-Sm i th et al . ( 1969/a)  introduced a cortical area index : D -d 
and for a uniform cyl indrical bone i t  woul d  be directly related to the 
ash content per unit l ength . 
To make a val id comparison between the l e ft second me tacarpal b ones 
of indivi dual s ,  variations in ske l etal s ize need to be taken into 
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account. This was done by introducing the product of metacarpal 
length (L) and diameter (D) into the calculation of the index 
o2 - d2 

DL , yielding a dimensionless ratio of cortical area to surface 

area (Exton-Smith et al., 1969/b). 
Gryfe et al. (1971) published values for the index of the cortical 

2 2 o2 - d2 
area D - d and the ratio DL in children. 

Garn et al. (1971) introduced the percent cortical area (PCA) as 
o2 - d2 

o2 x 100. This measurement is directly related to bone density. 

2.5. STATISTICAL METHODS 

The results obtained in the diabetic children and in the control 
subjects are given as mean± 1 standard deviation (Mean± 1 SO). 

The statistical analyses were performed using a CDC Cyber 74-16 
computer. Linear and multiple regression equations were calculated 
(Croxton, 1953; Siegel, 1956; Snedecor and Cochran, 1967). 

For comparison of independent values the Student "t" test was 
used. The statistical analyses of the paired control and test values 
(Chapter 5) were performed making use of the Student "t" test for 
paired samples. 
Two-sided values of 0.05 or less were considered to be statistically 
significant in the Student "t" test as well as in the Student "t" 
test for paired samples. 

When the chi-square test was applied it was calculated with 
Yates correction (Croxton, 1953). In instances where the numbers 
were rather small (Snedecor and Cochran, 1967), the probability of 
combinations of non-parametric data was also tested by a one-sided 
Fisher exact test (Fisher, 1958), logarithmically transformed and 
programmed on a HP 25 pocket calculator. 
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CHAPTER 3 

REFERENCE VALUES IN HEAL THY CONTROL 
CHILDREN 

The concept "reference values" was introduced in 1969 by 
Grasbeck and Saris as being the scientific basis for clinical 
interpretation of laboratory data . 

3.1. URINARY EXCRETION OF CALCIUM, INORGANIC 
PHOSPHATE, MAGNESIUM AND CREATININE 

3.1.1. INTRODUCTION 

In this study on the calcium metabolism of diabetic children 
it became necessary to know the urinary excretion of calcium , 
phosphate, magnesium and creatinine in healthy children living at 
home , and on their regular diet. Available data on the 24 hour 
excretion of these substances have been obtained only from hospitalized 
children and to our knowledge have not been reported for healthy Dutch 
children . 

3.1 .2 PATIENTS 

Observations were made on sixty children , aged 3 . 3  to 16 . 3  years 
( Chapter 2 . 2 . ) .  
One 2 4  hour urine sample was collected at home from each child . During 
the day of collection the intake of food and fluid were estimated by 
weighing or measuring and were recorded by the parents . 
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3.1 .3. RESULTS 

The 24 hour urine collections of four of the sixty chil dren 
were not included in the s tati s t ical analysis of the dat a .  In two 
children the creatinine excretion was more than four standard 
deviations below the mean and , therefore , these two chi l dren were 
not included in the s tudy. 
In two o ther children the urinary calc ium excret ion was more than 
�our s t andard deviations above the mean calcium excretion as 
c al culated on the remaining fi fty-six chil dren . The discrepancies 
were not due to inadequate urine c o l l ect ion , for the urine c re atinine 
excret ion rate s fell within the normal range . The resul ts from these 
two chi l dren h ave b een regarded as outl iers , and h ave not been 
included in subsequent c al culations . By an oversight one urinary 
magnesium determination was not c arried out ,  and the data on urjnary 
magnesium therefore concern fi fty-five sample s .  

I n  tab l e  2 . 2 .  are listed the height and weight , expressed in 
standard deviation s core , and the age fo r boys and girl s separately . 

The 24 hour urinary excret ion of calcium , phosphate an d  
magnesium correl ates with body weight { k g )  : r = 0 . 304 ( p <: 0 . 05 )  
r = 0 . 7 1 2  ( p < O . Ol ) ; r = 0 . 30 6  ( p < 0 . 05 ) , respective l y .  The 
urinary excretion of the se substances is therefore , expressed in 
terms of body weight unl ess otherwise mentioned . 
There is no corre l ation between the urinary excretion of these 
substances expressed as mg/kg/24 hr and age or sex . 

In tab l e  3 . 1 .  are l isted the mean and standard deviation of the 
dietary intake of c al c ium ,  phosphate , c arbohydrate , fat and prote in,  
as wel l  as the urinary excre tipn of creatinine , calcium ,  phosphate , 
magnesium , sodi um ,  potass ium and chloride . 
' Tab l e  3 . 1 . : Dietary intake and urinary excretion of several 

substances in fi fty-six heal thy chi ldren . 

� 
calcium { mg/kg/24 h r )  
phosphate (mg/kg /24 hr)  
c arbohydrate ( g /kg /Z4 hr)  
fat { g /kg/24 h r )  
protein ( g /kg/24 h r )  
Urinar� excret ion 
calcium ( mg/kg/24 hr)  
phosphate ( mg/kg/24 hr)  
magnesium ( mg/kg/24 hr ) 
sodium ( mEq/kg/24 hr ) 
potassium ( mEq/kg /24 h r )  
chloride ( mEq/kg/24 hr) 
creatinine { mg /kg /24 hr ) 
volume (ml /kg/24 hr ) 

" n 5 5  

Mean Standard deviation 

2 9 . 30 1 1 . 90 
39 . 70 12 . 80 

8 . 50 2 . 70 
3 . 20 1 . 10 
2 . 20 0 . 60 

2 . 40 1 . 40 
18 . 80 5 . 15 

1 .  70 0 . 80 
3 . 40 1 . 20 
1 . 40 0 . 40 
3 . 50 1 . 10 

2 2 . 20 4 . 03 
2 4 . 08 8 . 60 
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The mean c aloric intake of the boys i s  2 , 1 1 4  cal/24 h r ,  wi th 1 2 . 8 % 
p rotein , 41 % fat and 46 . 2  % c arbohydrate . The gi rl s have a mean 
caloric intake of 2 , 08 1  cal/24 h r ,  with 1 2 . 3  % protein , 40 . 1  % fat 
and 47 . 6 % c arbohydrate . 
The positively skewed d i stribution of the urinary excretion (mg/kg/ 
2 4  hr) of c alc ium and magnesium per chi l d  is shown in fig . 3 . 1 .  

n 

0 , "' 5 6 7 ea rngf�tr 

n 

0 , t2 3 "' -=-A.-J.. J; Mg """'f'"<#�-'hr 

Fig . 3 . 1 .  Frequency d i stribut ion of urinary c al c ium and magnesium 
(mg/kg/24 hr) in the heal thy ch i l dren . 

The one-sided 5 % ,  2 . 5  % and 1 % upp er l imits of confiden ce for the 
urine c al c ium excretion are 4 . 70 mg/kg/24 h r ,  5 . 20 mg/kg/ 24 hr and 
6 mg/kg/24 h r .  

Tab l e  3 . 2 .  shows the corre l at ion be tween the analysed urinary 
and dietary substanc es expressed in terms of body weight for the 
fifty-six ch i l dren . 
Urinary calc ium excre tion does not corre l ate with any analysed 
d i e tary substance , but does correlate wi th urinary creatinine 
( r  = 0 . 3 1 6 ;  p <  0 . 01 ) ,  sodium ( r  = 0 . 4 1 6 ; P <  0 . 01 )  and phosph ate 
( r  = 0 . 335 ; P <  0 . 05 ) . 
The re is also a s i gnificant corre l at ion be tween urinary phosphate 
and die tary calc ium ( r  = 0 . 50 1 ; P <  0 . 01 ) , phosphate (r = 0 . 4 2 2  ; 
p � 0 . 01 ) , protein ( r  = 0 . 5 1 9 ;  p �  0 . 01 ) , urinary sodium ( r  = 0 . 454 ; 
P <:  0 . 0 1 )  and creat inine ( r  = 0 . 377 ; P <  0 . 0 1 ) . 
The urinary magnesium does not corre l ate with the calc ium intake , 
but correl ates s ignificantly with the intake of fat ( r  = 0 . 397 ; 
P <  0 . 0 1 )  and protein ( r  = 0 . 341 ; P < 0 . 05 ) . 

In anoth e r  approach to study possible mul t ifactorial influence s ,  
th e urinary excretion of calcium ,  phosphate and magne sium was 
cal culated according to mul tiple l inear regre ss ion equations , us ing 
the formula : 

= f!>o 

The constant factor ( [!> ) and the estimated regres s ion coeffi c i ents ( [3 1 . • . . .  f!> p ) for the d!?fferent fac tors ( X1 . . • . .  XP ) in the 

regress ion e quation for the urinary c al c ium excretion (mg/kg/24 h r )  
are l i sted i n  t ab l e  3 . 3 .  The variance of error for th i s  e quat ion i s  
1 . 2 154 , the value o f  the F statistic is 3 . 9703 ( 13 - 4 2  DF ; P< 0 . 00 1 )  
and the mul t i p l e  corre l ation coeffic i ent i s  0 . 74 .  
In a similar manner mul tiple regression equations for the urinary 
phos phate and magnesium have been cal culated . 
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Table 3 . 2 .  Correlation between d i etary and urinary substances i n  the healthy children. 

Intake 

calcium (mg/kg/24 hr) 

phosphate (mR/kg/24 hr) 

protein ( g /kg/24 h r )  

f a t  ( g /kg/24 hr) 

carbohydrate (g/kg/24 hr) 

Urine 

calcium (mg/kR/24 hr) 

phosphate (mg/kg/24 hr) 

magnesium (mg/kg/24 hr) 

potassium (mEq/kg/24 hr ) 

� sodium (mEq/kg/24 hr) 

chloride (mEq/kg/24 hr) 

creatinine (mg/kg/24 hr) 

0 . 903* *  

0 . 8 2 6* *  

0 . 42 5** 

0 . 578 ** 

- 0 . 002 

0 . 50 1• •  

0 . 21 4  

0 . 4 7 1* *  

0 . 364* *  

0 . 296* 

0 . 11 1  

Ica 

• p < 0 . 05 ; •• p < 0 . 01 

0 . 938** 

0 . 642** 

0 . 744** 

- 0 . 03 8  

0 . 490** 

0 . 193 

0 . 440** 

0 . 454** 

0 . 38 7 ** 

- 0 . 140 

Ip 

0 . 755** 

0 .  754** 0 . 670** 

0 . 038 0 . 072 0 . 099 

0 . 519** 0 . 141 0 . 422** 

0 . 341* 0 . 397** 0 . 199 

0 . 432** 0 . 130 0 . 25 8* 

0 . 507 ** 0 . 4 2 6** o . 470** 

0 . 420** 0 . 37 9** 0 . 382** 

0 . 057 - 0 . 1 59 - 0 . 018 

I 
Prot I Fat ICHO 

0 . 335• 

0 . 157 0 . 200 

- 0 . 023 0 . 507• •  0 . 4 1 5 ** 

0 . 41 6** 0 . 454** 0 . 231 0 . 341* 

o . soo•• 0 . 408** 0 . 328* 0 . 372 ** o . goa • •  
0 . 316* 0 . 377 ** 0 . 169 0 . 076 0 . 247 0 . 208 

uca uP UMg UK UNa UCl 
UCr 



Table 3 . 3 .  Multiple regression equation for urinary calcium 
(mg/kg/24 hr) in the heal thy children . 

Estimated Stam:lard Value of T 
regression deviation statistic 
coefficient 

constant term 0 . 0003 1 . 2155 0 . 0002 

� 
phosphate (mg/kg/24 hr) 0 . 1161 0 . 0461 2 . 5 16 2  

creatinine (mg/kg/24 hr) 0 . 0291 0 . 0505 0 . 5759 

potassium (mEq/kg/24 hr) -0 . 8182 0 . 5077 -1 .6115 

sodium (mEq/kg/24 hr) -0 . 4829 0 . 3381 -1 . 4282 

chloride (mEq/kg/24 hr) 1 . 1816 0 . 3632 3 . 2537 

volume (ml /kg/24 hr) -0 . 0364 0 . 0320 -1 . 1368 

� 
calcium (mg/kg/24 hr) 0 . 0861 0 . 0407 2 . 1153 

phosphate (mg/kg/24 hr) -0 . 1308 0 . 0523 -2 . 5007 

calories (cal/kg/24 hr) 1 . 7840 1 . 1512 1 . 5497 

protein � g/kg/24 hr) -7 . 1738 4 .8030 -1 . 4936 

fat (g/kg/24 hr) -15 . 7586 10 . 3696 -1 . 5197 

carbohydrate (g/kg/24 hr) -7 . 0362 4 . 6054 -1 . 5278 

fluid (ml /kg/24 hr) 0 . 0055 0 . 0217 0 . 2557 

(42 

To simplify these equations the value of the T statistic was 
used, and then a combination of T statistic and correlation 
coefficient . 
Table 3 . 4 .  lists the most useful equations with the value of the F 
statistic, the multiple correlation coefficient and the estimated 
standard deviation of error . 

Table 3 . 4 .  : Multiple regression equations for 
urinary calcium , phosphate and magnesium 
in the healthy children . 

uca 1 . 59 54 + 0 . 6232 u
Na - 0 . 0320 IP 

uP =-2 . 9210 + 0 . 5803 u
cr + 0 . 2223 IP 

UMg =-0 . 2007 + 0 . 2166 !Fat + 0 . 0521 UVol 

DF) 

F statistic Multiple correlation Estimated standard 

uca 8 . 2825* : p< 0 . 005 
uP 21 . 0414* : p < 0 . 005 

U
Mg 17 . 4312** : p< 0 . 005 

" 5-53 DF ; "" 2-52 DF ; 

coefficient deviation of error 

0 . 4880 1 . 6355 

0 . 6653 3 . 9196 

0 . 6335 0 . 6936 
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The me an and standard dev i ation of the urinary concentration 
ratios of calc ium to c re ati�ine , magnesium to c re atinine and calcium 
to magnesium are l isted in tab l e  3 . 5 .  The use of these concentration 
ratios is val i d  as the corre l ation between urinary calcium excretion 
(mg/24 hr)  and urinary creatinine excret ion ( mg/24 h r )  is 0 . 425 
( p < 0.  01 ; n = 5 6 ) , and between urinary creatinine (mg/24 h r )  and 
urinary magnes ium (mg/24 h r )  i s  0 . 403 ( p � 0 . 01 ;  n = 5 5 ) . 

Tab l e  3 . 5 .  : 24 hour urinary concentration rat ios in the h ealthy 
ch i ldren . 

n Mean SD 

calcium �mg) 5 6  0 . 1 1 1  0 . 063 c re atinine (mg) 

magnes ium (mg} 55 0 . 079 0 . 040 c re atinine lmg ) 
calc ium �m?) 
magnesium �mg) 55 1 . 82 2  1 . 333 

The urinary calc ium/creat inine concentration ratio correl ated 
negatively wi th the phosphate intake (mg/24 hr) and pos itivel y with 
the urinary sod ium excret ion (mg/24 hr) : r = -0 . 348 ( p <: 0 . 05 ) , 
and r = 0 . 362 ( p  < 0 . 01 ) , respective l y .  

3.1 .4. SUMMARY 

Refe renc e values are p re sented for the urinary calcium ,  
magnesium, inorgan ic phosphate and creatinine excret ions in h e al thy 
Dutch ch ildren who were l iving at home , with no dietary restri c t ion s .  

The 2 4  hour excretion o f  these urinary sub stances corre l ates 
with body weight . 

The mean urinary calc ium excret ion in healthy Dutch children i s  
2 . 40 mg/kg /24 hr + 1 . 40 ( SD ) . As the distribut ion of the urinary cal c ium 
excretion is positively skewed ( fig . 3 . 1 . )  the one-sided upper 5 %  
confidence l imit of 4 . 70 mg/kg/ 24 hr is cons i dered to be a reference 
value . 
The me an urinary cal c i um to creat inine concentrat ion ratio is 0 . 1 1 1  
± 0 . 063 ( SD ) , an d  the upper l imit o f  this ratio i s  0 . 23 4 .  

I n  this study on healthy children the urinary calcium excretion 
does not correlate with the calc ium intake . The calc ium excretion 
corre l ates negatively with the phosphate intake only when other 
factors are taken into account ( tab le 3 . 4 . ) .  The sodium intake could 
not be e stimated , but it  was found that the urinary calcium excretion 
correlated with the sodium excretion . 

The urinary phosphate excretion corre l ated strongly with the 
cre at inine excretion and the phosphate intake . 

The mean magnesium excre tion in the healthy children i s  1 . 70 mg/ 
kg/24 hr + 0 . 80 ( SD ) . The urinary magnesium to cre atinine ratio is 
0 . 079 ± 0�040 ( SD ) . Simi l arly to the urinary c alcium excret ion the 
urinary magnesium excretion corre l ates s ignificantly wi th the urinary 
sod ium excretion . 
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No correl ation could be shown b etween urinary magnesium and urinary 
calcium excretion . The calc ium intak e  did nog significantly 
influenc e the urinary magnes ium extre tion . 

To conclude , in the evaluation of the urinary calc ium extretion 
the sodium excre tion and phosphate intak e  should be considered . 

3.2 URINARY CYCLIC AMP EXCRETION 

In seventeen heal thy con�rol children , a mean excretion of 
5 . 80 � M cAMP /g cre atinine ± 2 . 4� ( SD )  was found in a 2 hour urine 
specimen ob tained after an overnight fast . 
The 2 hour urinary excre tion of cAMP was found to decre ase with age 
( r  = - 0 . 732 ; p < 0 . 01 ;  n = 1 7 ) . 

3.3. PLASMA iPTH AND SERUM FFA CONCENTRATIONS 

A fasting b lood samp l e  was taken for serum FFA in thirty-seven 
chi ldren , ho spital ised for e l e ctive minor operations . In twe lve of 
the se children p lasma iPTH was also determine d .  

The m e an  p l asma iPTH l evel was 0 . 181  n g  equiv . b .  PTH/ml ± 0 . 09 1  
( SO ) . 
Three chil dren had values above 0 . 2 5 ng equiv . b .  PTH/ml . 

The me an fast ing serum FFA l evel of the heal thy control child ren 
was 562 �M / 1  ± 294 ( SD ) . 
The fasting serum FFA leve l s  of the h e al thy control chil dren were 
compared with those from the diabetic ch i l dren .  To distinguish good 
from poor diabetic control the value of 800 � M FFA / 1  was used . For 
this d i s criminatory value , the test gave negative re sult s  in 89 % of 
a l l  sub j ec t s  tested who h ad good d i abetic control ( specific ity of the 
test ) , and gave positive results in 65 % of the p atients who h ad poor 
contro l  ( sensitivity of the test ) ( Ho l l and and Whi tehead , 1974 ) . 
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CHAPTER 4 

STATISTICAL STUDIES ON THE URINARY 
EXCRETION OF 

CALCIUM IN DIABETIC CHILDREN 

4.1 . 1NTRODUCTION 

In the first part of this Chapter the statistical val id i ty of 
the incidence of hyp e rc al ciuria in diabet i c  chil dren i s  demonstrated .  
The constancy of the hypercal c iuria on follow-up i s  als o  shown . 

As c al c iuria i s  govern e d  by hormonal as wel l  as by non-hormonal 
factors , as d i s cussed in Chapter 1, the contribution of some o f  
the se factors t o  the urinary c al cium excretion i n  the d i abetic 
chi l d ren was analyse d  statistically.  The inve stigated non-hormonal 
factors were the urinary glucose excre tion , the metabolic acidosis 
and the dietary intak e  of several substance s .  The hormonal factors 
studied were parathyroi d  hormone , calcitonin an d  growth hormone . 

Qp�r�tio�al 2efi�i�i£n_of h�e�c�l£i�r!a� 
I f  one uses the 5 % one-sided uppe r  l imit of confidence , a 

urinary excretion of calc ium exceeding 4 . 70 mg/kg/24 hr should be 
considered as hyp ercalciur i a ,  as shown in Chapter 3 . 1 . 3 .  I n  the 
course of the follow-up of the d i abetic patients it bec ame c l e ar 
that chi ldren with a urinary excretion of calcium b etween 4 . 70 mg/ 
kg/24 hr and 5 . 20 mg/kg/24 hr did not show constantly high urinary 
calcium e xc re tion value s . To avo i d  this , the 2 . 5  % one-sided upper 
l imit of confidence for the urinary excre tion of calcium , i . e .  
5 . 20 mg/kg/24 h r  was use d .  

4.2. INCIDENCE AND FOLLOW-UP O F  HYPERCALCIURIA 

The first twenty-four hour urine specimen collected from forty
seven diabetic chi l dren showed that the urinary excre tion of calcium 
in the d i abetic children had a b imodal frequency distribution as 
i l l ustrated in fig . 4 . 1 .  Thirty-two diabetic chi ldren were normo
c al c iuric with a mean urinary excretion of calcium of 2 . 41 mg/kg/ 
24 hr + 1 . 02 ( SD ) . Fifteen d i abetic children were hypercalciuric 
with a-mean calcium excretion rate of 7 . 54 mg/kg/24 hr ± 1 . 79 ( SD ) . 
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Fig . 4 . 1 .  Frequency d istribution of urinary calc ium excre t ion 
( mg/kg/24 hr) in forty-seven d i abetic < --- > and in 
fi fty-e ight heal thy chil dren ( --- ) . 

Four of the fi fty-eight control chil dren , in contrast to 
fifteen of the forty-seven d i ab e t i c  chil dren , had a urinary c al c i um 
excretion rate exceeding 5 . 20 mg/kg / 2 4  h r .  The occurenc e  o f  
hyperc al c iuria was s ignif i c antly h i gher i n  the d i abe t i c  group than 
in the contro l  group . 
The chi-square test = 9 . 1 9 ( P <: 0 . 01 ) .  

In the fol low-up peri o d , four d i ab e t i c  chil dren who at the i r  
f i rst examination were normoc al c iuri c became hypercal c iuri c .  

In the next paragraph ( 4 . 4 . 1 . )  i t  i s  shown that this group of 
n ineteen hype rcalciuric ch i l dren comprised thi rteen c h i l dren with a 
glucose-independent type of hypercalc i uri a ,  and six c h i l dren wi th a 
gluco se-dependent type of hyperc al c iuria .  

T ab l e  4 . 1 .  l i sts the occurrence o f  the es tab l i shed hyperc al c iuria 
during the fol low-up period , in both hyp erc al c iuric d i ab e t i c  groups . 
For the four chil dren who became hypercalc iuric during the fo l l ow-up 
period , onl y the determ inations of the urinary excre t ion of c al c i um 
from the onset of the hype rcal c iuria were included . 
In the glucose-dependent hypercalciuric group , the hypercal c iuria 
oc c urred often but not constant l y .  The glucose-independent hyper
c al ciuri a ,  on the o ther hand , was not an incidental f inding . The 
ch i l d  who h ad thi s  characteri s t i c  kept it on fol low-up . Of the 
p at i ents wi th a gluco se-independent hype rcal c iur i a ,  only pati ent 
numbe r  2 had onc e a normal urinary excre t ion of calc ium . 
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Tab l e  4 . 1 .  Occurrence of urinary calcium excretion exceeding 
5 . 2  mg/kg/24 h r  in the d i abetic children 

N• of determinations 
uca > 5 . 2  ( mg/kg/24hr) 

Patient Total N "  o f  determinations 

1 4 / 4  
Glucose-independent 2 3 / 4  
hypercalc iuria 3 7 / 7  

4 4 / 4  
5 9 / 9  
6 6 / 6  
7 5 / 5  
8 3 / 3  
9 4 / 4  

1 0  4 / 4  
1 1  3 / 3  
1 2  2 / 2  
13  4 / 4  

1 5 / 7  
Glucose dependent 2 1 / 1  
hyperc al c iuria 3 4/5 

4 3 / 7  
5 4/4 
6 4 / 5  

4.3. COMPARISON OF THE URINARY EXCRETION OF 
SEVERAL SUBSTANCES BY NORMOCALCIURIC AND 
HYPERCALCIURIC DIABETIC CHILDREN AND 
BY CONTROL CHILDREN 

As demonstrated in tab l e s  2 . 1 .  and 2 . 2 . , the group of d iabetic  
ch i l dren was anthropome trically comparab l e  with te group of 
h eal thy children . The age , hei ght and we ight were not stati stically 
d i fferent . 

Tab l e  4 . 2 .  l i sts the mean age , he ight and wei ght , and �he 
duration of diabetes in the hypercal ciuric and the normocalc iuric 
chi ldren at the beginning of the stud y ,  separately for boys and 
g i rl s .  
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Tab l e  4 .  2 .  Age , duration of d i abete s ,  height and weight in the 
normoc al c iuric and hypercalc iuric d i ab e t i c  boys and 
girl s at the onset of the study . 

uc a � 5 .  2 ( mg/kg/ 24hr) Uca > 5 . 2 (mg/kg/ 24hr ) 

Boys ( n= 1 9 )  Girls ( n= 1 3 )  Boys (n= 8 )  Girls ( n= 7 )  
Mean .±. 1 SD Mean .±. 1 SD Mean .±. 1 SD Mean .±. 1 SD 

Age ( yr )  1 1 . 75 .±. 3 . 8 1 12 . 92 .±. 1 .  70 9 . 2 9 .±. 3 . 92 9 . 33 .±. 4 . 39 

Duration of 5 . 02 .±. 2 . 8 5 5 . 56 .±. 3 . 3 1  2 . 5 8 .±. 3 . 61 l 1 . 7 5 .±. 2 . 53 
d i abetes ( yr )  I 

I 
( SD S )  

I 
Height +0 . 45 .±. 1 . 20 +0 . 19 .±. 0 . 70 +0 . 61 .±. 1 . 09 1+0 . 35 .±. 1 . 17 I 
Weight ( SD S )  +0 . 49 .±. 1 .  2 1  I +0 . 14 .±. 0 . 8 1 -0 . 07 

I .:!:.. 0 . 80 1+0 . 2 2 .±. 0 . 98 

There was no difference in he ight and weight between the hyper
calc iuric and normocal ciuric boys and g i rl s  ( Student " t "  test : n . s . ) .  
In the d i abetic boys there was no s i gnificant di fference in age and 
duration of diabetes between hypercalciuric and normocalciuric boys . 
The hyp e rc al c iuric girls were s i gn i fi c antly younger and the ir 
d i abetes was of a shorter duration than that of the normocalc iuric 
girls ( Student "t" test : P <  0 . 02 in both c ases ) .  

In t ab l e  4 . 3 .  are l isted the means and standard deviations of 
several substances excreted in the first 24 hour urine spe cimen 
collected from thirty-two normocal c iuric and f i fteen hypercal c iuric 
diabe tic chi ldren . In the s ame tab l e  the dietary intake of these 
chil dren i s  also l i sted . The dietary intake i s  discussed later in 
Chapter 4 . 4 . 3 .  

Table 4 . 4 .  l i s t s  the 24 hour urinary concentration rat ios of 
several urinary substances in the hyp e rc al c iuric and normoc al c iuric 
diabetic chi l dren . 

As the d iabetic group comprises two types of chil dren only the 
normocalc iuri c d i abetic chil dren were compared with the heal thy 
chi ldren ( tab l e  4 . 3 . ) .  
There was no s i gnificant d i fference in the excretion rate of calcium 
and sod ium b etween the se two groups ( tab l e  4 . 3 . ) .  
The urinary calcium to creatinine concentrat ion rat io was al so not 
di fferent between normocal ciur i c  diabetic and the contro l chil dren 
( tab l e  4 . 4 . ) .  
There was a s ignificant difference between the urinary c al c ium to 
magnesium , and magnes ium to c re at inine concentration rat ios of these 
two groups of chil dren ( tabl e  4 . 4 . ) .  

In tables 4 . 3 .  and 4 . 4 .  are also compared the hypercal c iuric 
and normocal c iuric chi l dren . The urinary excret ion of phosphate , 
magnesium ,  potassium and glucose were higher in the hyperc al ciuric 
d i ab e t i c  group compared to that of the normocalc iuric group , but the 
urinary excretion of sodium , chloride and creatinine was not 
di fferent . 
The 24 hour urinary concentration ratios of cal c ium to creatinine 
and cal c i um to magnesium were al so s i gn i fi cantly different between 
the hypercal c iuric and the normocalc iuri c d i abetic group ( table 4 . 4 . ) .  
The hyp ercalciuric diabetic group i s  not homogenous , and compri ses 
several " glucose-dependent " and " g lucose-independent" hypercalciuric 
ch il dren , thi s  is di scussed in Chapter 4 . 4 . 1 . , and therefore , the se 
conclus ions may be open to criticism .  
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Tab l e  4 . 3 .  Dietary intake and urinary excretion o f  several substances 
in the normocalc iuric and hypercalciuric d i abetic chi l dren . 

ucaE:; 5 . 2 ( mg/kg / 2 4 h r ) : Student " t" Uca> 5 .  2 ( mg /kg/24 hr)  
(n  = 3 2 )  I test compared (n = 1 5 )  I 

Mean ± 1 SD I to heal thy Mean ± 1 SD I 
I chil dren * I 

Intake I 
I 

c al cium (mg/kg/ 2 4  h r )  35 . 33 ± 1 6 . 53 I n . s .  5 2 . 03 + 10 . 2 9 I 
phosphate ( mg/kg/24 h r )  43 . 3 1 ± 12 . 1 1  I 5 6 . 8 2 ± 13 . 40 I n . s .  

c arbohydrate ( g/kg / 2 4  h r )  5 . 8 1 ± 1 .  79  
I 0 . 001 1 . 1 1 I 6 . 78 ± 

(g/kg/24 hr)  
I 

fat 2 . 45 ± 1 . 5 1 I 0 . 0 1  3 . 78 ± 2 . 23 
I 

protein ( g/kg / 2 4  hr) 2 . 2 1 ± 0 . 6 1 I n . s .  2 . 67 ± 0 . 47 

Urinar� excretion 

cal cium ( mg /kg/ 2 4  hr ) 2 . 41 ± 1 . 02 n . s .  7 . 54 ± 1 .  79 
phosphate ( mg/kg/24 h r )  2 2 . 40 ± 8 . 72 0 . 02 2 9 . 49 ± 7 . 07 
magnesium ( mg/kg/24 h r )  3 . 83 ± 1 . 94 0 . 00 1  4 . 5 6 ± 1 . 42 
sodium ( mEq/kg/24 h r )  3 . 07 ± 1 . 3 1 n . s .  4 . 08 ± 1 . 55 
potassium ( mEq/kg / 2 4  h r )  1 . 64 ± 0 . 59 0 . 02 2 . 30 ± 0 . 5 5 
chlori de ( mEq/kg/24 hr ) 2 . 23 ± 0 . 8 9 0 . 001 2 . 95 ± 1 . 23 
c re atinine ( mg/kg/24 hr) 24 . 77 ± 5 . 06 0 . 01 2 6 . 09 ± 6 . 1 9 
volume (ml /kg/24 h r )  38 . 39 ± 1 5 . 9 6 0 . 001 49 . 73 ± 18 . 7 1 
glucose ( g/kg/24 hr) 1 . 1 7 '+ 0 . 8 8 I - 1 . 9 6  + 1 . 5 9 

- I -

* : nearest value greater than p .  

Student " t "  
test compared 

to normocal c i ur i c  

d i ab e t i c  ch i l d ren* 

0 . 001 
0 . 005 

n . s .  
0 . 005 
0 . 01 

0 . 001 
0 . 002 
0 . 05 
n . s .  
0 . 005 

n . s .  
n . s .  
0 . 05 
0 . 05 

I 

0' 
'I 



U1 
0 

Tab l e  4 . 4 .  24 hour urinary concentration ratios 
in the normo c al c iuric and hype rcal c iuric d i abe t i c  chi ldren . 

I 
Uc a.E;; 5 . 2  ( mg/kg/24 h r )  I Student " t "  uc.a

> 5 . 2  { mg /kg/24hr) 

(n = 32 ) test compared ( n  = 1 5 )  

Mean .±. 1 SD to the h e al thy Mean .±. 1 SD 
ch i ld ren • 

cal cium (mg) 

c re atinine ( mg )  
0 . 10 .±. 0 . 03 n . s .  0 . 31 .±. 0 . 1 5 

I 
magnesium ( mg )  I I 

0 . 1 6 .±. 0 . 07 I 0 . 001 0 . 19 + 0 . 07 
c re atinine ( mg )  I -

I I I 
calcium (mg)  I I 

0 . 88 + 0 . 95 ' 0 . 001 1 . 73 + 0 . 72 
magne s i um  ( mg )  

- I -
' I I 

• : neare st value greater than p 

Student " t "  
test compared 

to the normoc al-

c iuric d i abetic I 
chi l dren• J 

0 . 001 

I I n . s .  I I I I I I I 0 . 005 I 

I 



Table 4 . 5 .  shows that in the hype rcalc iuric diabetic group no 
corre l at ion could b e  estab l ished b etween the urinary excretion of 
c al cium and the urinary phosphate , magnesium , creatinine , glucos e , 
and 24 hour urinary volume . However ,  in the normocalc iuric diabet i c  
group , the urinary excretion of c al c ium correl ates with the urinary 
c re atinine and glucose excret ion . The rel at ionships b etween urinary 
calcium and glucose excretion , and b e tween the urinary c al cium and 
sodium excretion,  is discussed in Chapter 4 . 4 . 1 .  and 4 . 4 . 3 . , 
respective l y .  

Tab l e  4 . 5 .  : Correl ation coefficients between urinary calcium an d  
urinary phosphate , magnesium , c re at inine and glucose 
in the normo c al ciuric and hypercalc iuric diab e t i c  children . 

uc a�5 . 2  (mg/kg/24 hr ) uc a> 5 . 2  ( mg/kg/24hr ) 
(n = 32 ) (n = 1 5 ) 

uP (mg/kg/24 hr ) 0 . 106 0 . 153 

UMg (mg/k g/24 hr ) 0 . 287 0 . 2 1 3  

uc r ( mg/kg/24 hr ) 0 . 545** -0 . 1 34 

UGluc ( g/kg/24 hr ) 0 . 664** 0 . 374 

UVol (ml /kg/24 hr ) 0 . 055 0 . 059 

** 

During the follow-up of the normo c al c iuri c and the 
hypercal c iuric diabetic chil dren , the corre l at ion data were 
s imi l ar to those obtained from the first 24 hour urine colle ctions . 

No significant corre l at ion cou l d  be obtained when mul tiple 
regression equations , in which dietary sub stance s  were al so 
included , were c al culated .  

4.4. STUDIES ON SOME NON-HORMONAL FACTORS 
INFLUENCING URINARY EXCRETION OF CALCIUM 

4.4.1 . R ELATIONSHIP BETWEEN TH E URINARY CALCIUM AND 

GLUCOSE EXCRETION 

The rel ationship between the urinary excret ion of calc ium and 
glucose in the normocal c iuric and hyp e rc al ciuric diabe tic children 
on the first urine examination is il lustrated in fig . 4 . 2 .  
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Fig . 4 . 2 .  R e l ationship be tween urinary calcium and glucose 

excretion in the normocalc iuri c ( + )  and hyperc alciuri c ( 0 ) 
d iabetic chil dren . 

The regression equation for the urinary excretion of calc ium 
( mg/kg / 2 4  h r )  in the normocalc iuri c group is 1 . 5 2 + 0 . 76 x urinary 
excretion of glucose ( g/kg /24 h r ) ; ( es t imated standard deviation 
of error : 0 . 8 1 8 9 ; r = 0 . 6 64 ; p� 0 . 01 ;  n = 32 ) .  
Thi s  corre lation be-tween the urinary excretion of calc ium and 
glucose in the normocalc iuric ch i l dren was confirmed in the fo l low
up perio d ,  and s imilar regres sion equat ions and correlation 
coefficients were found . 

For the hypercalc iuric group no s ignificant correlation between 
the urinary excretion of calcium and glucose could be estab l i shed 
(r = 0 . 374 ; P >  0 . 05 ;  n = 1 5 ) .  
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When analys ing separately for e ach hyperc al c iuric child the 
urinary excret ion of calc ium and glucose during the fo l l ow-up period , 
five ch i l d ren showed a hypercal c iuri a related to the degree of 
glucosuri a and ten chil dren a hypercal ciuria that was independent of 
the urinary excret ion of glucose . 
An example of such a glucose-dependent hypercal c iuria and of a 
glucose-independent hypercalc iuria is shown in fi g .  4 . 3 .  

A 

72 

77 

• 

9 • 9 

a a 
• • • 

7 • 7 • • • 

• 
6 • 6 • 

• 
5 5 

B 

• 

• 

2 3 " 5 6 7 a 2 3 " 5 6 7 a 
ur.nary glucose fg/kg/2"hr} Unnary glucose (gjkgj2�hr) 

Fig .  4 . 3 .  Example of a glucose-dependent ( A )  and a glucose
independent ( B )  hypercalciuric chi ld . ( A :  r = 0 . 9 68 ; 
p <:::_ 0 . 01 ) ( B  : r = 0 . 2 63 ;  P >  0 . 0 5 ) . 

Of the four chi l dren who became hypercalciuric in the course of 
the foll ow-up peri o d , one showed a glucose-dependent and three a 
glucose-independent type of hype rcal c iuri a .  

Urine was collected a t  intervals throughout the 24 hours as 
described in Chapter 2 . 3 .  six t imes over a period of four years , 
and analysed to demonstrate a possible di ffe rence in the d iurnal 
p attern of the urinary excretion of calc ium b e tween the 
hypercal ciuric and the normoc al ciuric ch i l dren , and al so to 
i l lustrate a possib l e  rel ationsh i p  between the d iurnal p atterns of 
the urinary excretion of c al c ium and glucose . The number of 
normocal c iuric c h i ldren part i c ip at in g  in e ach series of urine 
collect ions ranged from twe l ve to twenty-four ,  and the numbe r  of 
hyp e rcalc iuri c chi l dren from six to thirteen . 
To e quate the l evels of the urinary excretion of c al c ium and glucose 
b e tween the two groups of d i ab e t i c  chil dren , the urinary excret ion of 
c al cium ( and glucose ) in e ach urine sampl e  was expressed as excret ion 
per hour as a percentage of the mean calcium ( and glucose ) excretion 
per hour of the poo l ed 24 hour period sample s .  These values are 
plotted at the midpoint of e ach collection period in fig . 4 . 4 .  and 
4 . 5 .  whi ch i l lustrate the d iurnal p attern of the urinary excret ion 
of c al c i um  and glucose , respective l y ,  in the six series of 
normocalciuric and glucose-independent hype rcalc iuric d i ab e t i c  
chi l dren . 
The re is no di fference in the calcium excret ion pattern between the 
glucose-independent hypercal ciuric and normocalc iuric d i abetic 
chi ldren ( Student " t "  test : n . s . ) . In the hypercal ciuric chil dren 
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Fig . 4 . 4 .  Mean diurnal pattern of the urinary calcium excretion in 
e ach of the six seri e s  of the normocal c iuric ( + ) and glucose-independent 
hypercalciuric ( o )  di abe t ic chil dren . 
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Fig . 4 . 5 .  Mean d iurnal p attern of the urinary glucose excretion in 
e ach of the six series of the normoc al c iuric ( + )  and Rlucose-indeoendent 



the lowest value of the urinary excretion of calcium was observed in 
the morning samples . A noc turnal mini mum was never observed in the 
normocalciuri c ,  or the hypercal c iuri c d i abetic p atients . 

The diurnal pattern of the urinary excretion of calcium d i d  not 
c o inci de with that of glucose in the six series of normocalc iuric 
nor hypercal ciuric d i abetic chi l dren . 

4.4.2. R ELATIONSHIP BETWEEN THE URINARY EXCRETION OF 

CALCIUM AND METABOLIC ACIDOSIS 

All urine samples were �ested with urine pH dip stix , ketostix 
and acetest .  The acetest and ketostix were constantly negative , 
and the pH ( di p  stix ) was 6 o r  more in the urine samples from the 
p atients who were glucose-independent hypercal ciuri c . More accurate 
data were ob t ained by me asuring the pH and b i c arbonate leve l s  in 
venous blood,  the urine pH by pH meter and the urine acetone by 
gaschromatography . The se resul ts are dealt with in detai l in Chapter 
5 .  The e s t imati on of t i trab l e  ac i d i ty and of urinary ammonium 
excretion was not p erformed . 

Good d i abetic c ontro l h as b e en defined by Wh i t e  ( 1 965 ) as less 
than 2 5  g o f  urinary glucose excretion in 24 hours . 
As shown in tab l e  4 . 6 .  good d i abetic control was found in six of the 
twenty-eight normocalciuric chi l d ren , and in s i x  of the thi rteen 
glucose-independent chi ldren . In the l atter group , only one chi ld 
had poor control . 

Tab l e  4 . 6 .  : 24 hour urinary excretion of glucose ( g / 24 h r )  in the 
normocal c i uric and hypercalciuric d i ab e t i c  children . 

0-25 2 5-50 50-100 1 00 

Normocal c iuric 6 9 9 4 
children 

Hypercal c iuric 
chil dren : 

glucose-dependent 5 1 

glucose-independent 6 3 3 1 

In the s i x  chi ldren with a glucose-dependent hypercal ciuri a ,  the 
glucosuria was more than 50 g / 24 hr in al l cases . 
A urinary glucose excretion pattern , similar to that l i sted in tab l e  
4 . 6 . , was obtained f o r  the d i ffe rent groups of d i abetic chi l d ren 
during fol low-up . 

F i g .  4 . 6 .  i l l ustrat e s  the mean blood glucose l evel s ,  determined 
at spec ific  t imes over the 2 4  hour period as described in Chapter 
2 . 3 .  during three annual check-ups in the hospital . The number of 
normoc alc iuric chi ldren p art i c ip at ing was sixteen,  s eventeen and 
seventeen and the number of hypercalciuric chi ldren nine , ten and ten . 
There was no di fferenc e in the blood glucose level s  between glucose
independent hypercal ciuric and normoc al ci uric d i ab e t i c  ch i l dren 
( Student " t "  test : n . s . ) .  
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F i g . 4.6 . Mean fluctuations of blood glucose throughout 2 4  hours in 
e ach of the three series of the normocalciuric ( + )  and 
glucose-independent hypercal c iuric ( o )  d i abetic chil dren . 

In the course of thi s  study , fasting serum free fatty aci d s  
( FFA) level s and fasting bl ood glucose leve l s  were determined 
{ tab l e  4 . 10 ) . 
The value s of b lood glucose and serum FFA are lower in the glucose
independent hype rcal c iuric group when compared with the normocal ciuric 
d i abetic group , but the d iffe renc e s  are not stat i stical ly s igni ficant . 
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4.4.3. RELATIONSHIP BETWEEN THE U RINARY EXCRETION OF CALCIUM 

AND THE DIETARY INTAKE OF SEVERAL SUBSTANCES 

The d i etary intake of calcium,  phosphate , c arbohydrate , protein 
and fat are l i s te d  in tab l e  4 . 3 .  for the normo c al c iuric and 
hyperc al c iuric d i ab e t i c  chi ldren , and in tab l e  3 . 1 .  for the healthy 
control ch i ldren . 
The heal thy children had a h ighe r  intake o f  c arbohydrate and fat 
compared to the normo c al c iuric d i ab e t i c  chil dren , but the intake of 
c al c ium , phosphate and protein was not d i fferent ( tab l e  4 . 3 . ) .  
The hyperc al ciuric d i ab e t i c  group h ::td a s igni f i c antly d i f ferent intake 
o f  calcium ,  phosphate , fat and protein compared to normocalciuric 
d i ab e t i c  ch i l dren ( t ab l e  4 . 3 . ) .  

However ,  the stat is t i c al anal ys i s  o f  the d i e t ary intake o f  the 
control ch i l dren , the normo c al c iuric d i abetic child ren and the 
hyperc alc iuric d i ab e t i c  ch i l d ren l ends itself to c r i t ic i sm ,  as 
p repuberal and puberal chil dren were not studied separate l y ,  and the 
hyperc al c i ur i c  d i ab e t i c  group is not homogenous as i t  contained 
"glucose-dependent" and "glucose-independent" hypercalciuric ch i l dren . 

The mean c aloric intake o f  all  the d i ab e t i c  boys was 2 , 248 c al / 
d ay with 1 8  % protein , 33 % fat and 49 % c arbohydrate . The d i ab e t i c  
g i r l s  h a d  a mean c al oric intake of 1 , 862 c al /day with 1 7 % prote in , 
34 . 5  % fat and 48 . 5  % c arbohydrate . 
The c ontribution of c arbohydrate to the total caloric intake in 
d i ab e t i c  chil dren was in accordance wi th values determined in c ontro l  
chil dren ( Chap ter 3 . 1 . 3 . ) .  The c ontribution of p rotein t o  the total 
caloric intake in d i ab e t i c  children was h ighe r  than in the heal thy 
control children . 
No differenc e in caloric intak e ,  nor in the contribution of protein ,  
fat and c arbohydrate to the c al o r i c  intak e , coul d b e  e s t ab l ished 
b e tween the hyperc al c iuric and normocalciuric d i ab e t i c  ch i l dren . The 
l atter group had a mean caloric i ntake of 2 , 195 c al /d ay with 1 8% 
p rotein , 34 % fat and 48 % c arbohydrate . The hyperc al c iuric d i ab e t i c  
children had a mean c a l o r i c  intake o f  2 , 057 c a l /d ay with 1 7  % prote in , 
34 % fat and 49 % c arbohydrate . 

As shown in tab l e  4 . 7 . ,  no corre l ation cou l d  be found between th e 
urinary excretion of calc ium and the d i e tary intake o f  phosph ate , 
prote in , fat and c arbohydrate in e i ther the hyperc al c iuric or the 
normocalc iuric d i ab e t i c  group . 

As the d i ab e t i c  chi ldren were not studi ed under metabo l i c  ward 
cond i tions the sodium i ntake was not c alcul ated . 
The urinary excretions of c alc ium and sodium when determined for the 
first t ime i n  the glucose-independent hyperc al c iuric group , were not 
rel ated ( r  = 0 . 280 ; p ;>  0 . 0 5 ;  n = 13 ) .  Nor could a correlation be 
found in any of the sub sequently examined series of urine sampl e s . 
In the normoc alciuric group it o ccured mo re often than not that 
s igni f i c ant co rrel ations were obtained be tween the urinary excret ion 
of calc ium and sodium in the di fferent series of urine c o l l ec t ions . 
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Tab l e  4 . 7 .  Correl ation coeffic i ent s between urinary c al c i um  and 
d i et ary subs tances in the normocalciuric and 
hyp e rcalc iuric d i abetic chil dren . 

ucaE;; 5 . 2  ( mg/kg/24 h r )  uc a > 5 . 2  ( mg/kg/24 hr)  

( n  = 32 ) ( n  = 1 5 )  

IP ( mg/kg/24 h r )  - 0 . 090 0 . 270 

IProt ( g /kg/24 hr) - 0 . 1 25 - 0 . 041 

I Fat ( g /kg/24 h r )  0 . 02 7  0 . 507 

I CHO ( /kg/24 h r )  - 0 . 140 0 . 253 

Al though a s ignificant correl ation between the urinary exc retion of 
c al c ium and sodium was found in the control group ( Chapter 3 . 1 . 3 . ) ,  
mul t i p l e  regres sion analys i s  d i d  not reveal a significant 
rel at ionship b etween the urinary excretion of calcium and sodium in 
the normocalciuric d i abetic chil dren . 

Table 4 . 8 .  shows that there is a di fference in the cal c ium 
intake between the glucose-independent hyp ercalc iuric and the 
normocalc iuric d i abetic children ( S tudent " t "  test : p <  0 . 0 2 ) . 

Tab l e  4 . 8 .  : Dietary cal c ium intake ( mg/kg/24 h r )  in the 
normocal ciuric and glucose-independent hyp e rcal c iuri c 
d i abetic chil dren . 

uca=s;; 5 . 2  ( mg/kg/24 hr)  uca> 5 . 2 ( mg /kg / 24 

n Me an :!:. 1 SD n Mean :!:. 

Prepuberal 7 47 . 00 :!:. 8 . 40 8 5 2 . 10 :!:. 
Puberal 2 1  3 1 . 60 :!:. 8 . 1 5 5 39 . 00 :!:. 
Total 28 35 . 60 :!:. 1 0 . 60 13 47 . 20 :!:. 

However ,  th e calcium intake per kg body we ight of the d i abetic 
chi ldren , and also of the control chil dren , decre ases with age 

1 SD 

1 7 . 20 

13 . 40 

16 . 80 

hr ) 

( r  = - 0 . 7 8 8 ;  p <  0 . 01 ;  n = 47 and r = - 0 . 6 13 ; P <  0 . 01 ;  n = 56 
respectively) . As the hyperc al ciuric d i abetic  group contains a 
comparatively l arge number of young chil dren , a h i gh mean c alc ium 
intake compared to the normocalc iuric group could possibly b e  
expl ained by the difference in ages between the two group s .  
Subdivision of the hype rcalc iuric and normo c al ci uric d i abetic chi l dren 
into two group s , prepuberal and puberal ( tab le 4 . 8 . ) ,  d id indeed 
fail to show a s ignificant di fference between the calc ium intake 
( Student "t" test : n . s . ) .  

In the four chil dren who became hypercalciuric during foll ow-up 
the calc ium intake had not changed in the course of the fol low-up . 

In healthy control chil dren no rel ationship between the urinary 
and dietary calc ium could be estab l i shed ( Chapter 3 . 1 . 3 . ) .  Fi g . 4 . 7 .  
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i l l us trates that no rel ationship could be found in the diabetic 
chil dren e i ther . In the normocalciuric group the correlation 
coeffic i ent between the urinary excret ion of c al cium and the calc ium 
intake was -0 . 059 ( p ;> 0 . 05 ; n = 32 ) and in the hyp ercalc iuric group 
it was 0 . 43 1  ( p :>  0 . 0 5 ;  n = 1 5 ) . 

8 � 

5I !:! 
� .c:: 
� } '0> �  
� 8 
� td 1!1 

:J (!) 
+ 

+ 

+ + + 
+ + + 

+ + + • •  + + 
++ 

+ + + + + + 
+ + + + 

I ca (mg /kg/ 2-4hr) 
Fig . 4 . 7 .  Relat ionship b etween urinary calc ium excretion and 

dietary calcium intake in the normocalciuri c ( + )  and 
hypercal ciur i c (0) diabetic chil dren . 

Between the hypercalc iuric and the normo c al ciuri c diabetic chil dren 
no difference exi s t s  in the regress ion coeffi c ient of the correl ation 
between the dietary intake and urinary excret ion of calcium ,  as 
demonstrated by an analysis of co-vari ance ( F  stat i stic = 2 . 5  ; 
1-41 DF ; p ;> 0 . 1 ) . 
There i s ,  however ,  a s i gnifi c ant difference b etween the intercepts of 
the se corre l at ions (F  = 68 . 8 ;  1-42 DF ; p <(  0 . 01 ) , indicating that for 
the same cal cium intake the chil dren in the hypercalc iuric group have 
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a h i gh e r  urinary excretion of calc ium . A s imi l ar l ack of correl ation 
between the urinary cal c ium and dietary calc ium was ob served during 
the fol l ow-up period . 
On statisti cal grounds i t  c an  be concluded that in the diabe tic 
children the calcium intake exerts no infl uence on the urinary 
excretion of c al c i um .  

The calcium intake of the d i abetic chil dren compared t o  that o f  
the control children was high ,  an d  this coul d be the cause o f  the 
h i gh incidence of hypercal c iuria in the d i abetic chil dren . 
Instead of lowering the cal c ium intake of the d i abetic children , the 
cal c ium intake of twenty-one heal thy chil dren was incre as e d  to leve l s  
s imi l ar t o  that of the d i abetic chil dren . 
By taking more milk and cheese for a p e ri o d  of four days , the c al c ium 
intake ( mg/kg/24 hr)  of ten heal thy prepuberal chil dren was 5 1 . 40 � 
0 . 3 2  ( SD )  and of el even he althy puberal chil dren 34 . 40 + 0 . 42 ( SD ) . 
From the se chil dren 24 hour urine samp l e s  were c o l l ected on the 
fourth day .  The mean urinary calc ium excretion (mg/kg/24 h r )  i n  the 
prepuberal chi ldren was 3 . 14 + 1 . 2 3 ( SD )  and in the puberal children 
2 . 9 1  + 1 . 1 9 ( SD ) . The upper limit of a normal urinary cal c ium excretion 
was exceeded by only one chi l d ,  whose urinary calc ium excret ion was of 
5 . 70 mg /kg/ 2 4  h r .  
The inc i dence of hyperc al c iuria i n  the d i abetic children remains 
s ignifi cantly d ifferent from that in healthy control children ( Fi sher 
exact test : p = 0 . 02 6 )  even after increas ing the diet ary cal cium 
intake . 

Qr.!.n�i!!g_w�t�,r.!. 
To evaluate the contribution of c al c ium from drinking water to 

the oc currence of hype rcalciuria in the diabetic chi l dren a geographic 
study was set up in 1 9 74 . 
Seventeen hypercal c iuric , and n ineteen normocal c iuric d iabetic  
ch i l dren , who l ived in the three northern p rovinces of the Netherlands 
p art i c ipated in this study . The only water used in the homes of these 
chil dren was that suppl ied by the local waterworks . The water i s  
regul arly analysed for t h e  calcium-ion content by the waterworks ' staff . 
There were l arge d i fferences in the calcium content of the drinking 
water from the differen t waterworks ( tab l e  4 . 9 . ) .  

There was no connect ion between the oc curence of hyperc alc iuri a 
in the d i abetic chil dren and the cal c ium content of the drink ing water . 
The corre lation between the urinary excretion of calcium ( mg/kg/24 hr)  
and the calc ium content of drinking water ( mg/ 1 )  was not s ignifi cant 
( r  = 0 . 19 8 ;  p :> 0 . 0 5 ) . 

4.5. STUDIES ON SOME HORMONAL FACTORS INFLUENCING 
URINARY EXCRETION OF CALCIUM 

Tab l e  4 . 10 .  l i s t s  the value s of several blood consti tuents in the 
first ex amined fasting blood samples of twenty-four normocal ciuric and 
thirteen glucose-independent hypercalciuric diabetic chil dren . ( C alci-
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Tab l e  4 . 9 .  

Waterworks in 
the p rovince 
of 

Groningen 
Gl immen 
Onnen 
De Groeve 
Sell ingen 
N i et ap 

D renthe 
Norg 
Zuidl aren 
Emmen Noord-

large res 

Friesland 
Terwischa 

Ol dehol tpade 

The numb e r  of normo c al c iuric and hypercalciuri c 
d iabetic  chil dren and the c al c ium-ion content of 
the drinking wat e r .  

Numbe r  o f  d i abetic children 
uca � 5 . 2  uca > 5 . 2  

Drinking ( mg/kg/ 24hr ) (mg/kg / 2 4  hr)  
water 
C a++ ( mg/ 1 ) Glucose- Glucose-
content dependent inde pendent 

50 . 1  1 2 4 
64 . 5  4 1 1 

5 1 . 0  3 1 1 
32 . 2  2 1 1 

70 . 6  2 - 3 

I 
27 . 5  - - 1 
23 . 1  1 - -

40 . 0  1 - 1 

37 . 9  1 - -

7 6 . 9  1 -
I 
I -
I 

' s  Grave sande 93 . 0  3 - I -
I 

tonin determinations we re p e rforme d further on in the study and are 
discussed in Chapter 5 ) . There is no difference between the two 
d i abetic groups ( Student " t " test = n . s . )  for any l isted value s .  

I n  the d i abe t i c  group five ch i l dren , two o f  which were 
hypercal c iur i c , showed an iPTH pl asma leve l exceeding 0 . 2 5 ng equiv . 
b .  PTH/ml . In the control group ( Chapter 3 . 3 . )  however , three 
child ren were al so found to have an iPTH p l asma l evel of more than 
0 . 2 5 ng equi v .  b .  PTH/m l . As described in Chap t er 2 . 4 .  a plasma l eve l 
of more than 0 . 2 5  ng equiv . b .  PTH/ml is to be cons i dered as abnormal . 
The pl asma iPTH of the seventeen control chil dren ( Chapter 3 . 3 . ) does 
not d i ffer from that of the normocalciuric and glucose-independent 
hypercal c iuric d i abetic chil dren . 
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Tab l e  4 . 10 .  The concentration o f  several b loodconsti tuent s  at 8 a . m .  ( fasting ) 
in the normocal c iuri c and glucose-independent hyp e rcal ciuric d i abetic child ren 

I 
uca� 5 . 2  ( mg/kg / 2 4  h r )  uca > 5 . 2  ( mg /kg / 2 4  h r )  

( n  = 2 4 )  ( n  : 1 3 )  
Mean :!:. 1 SD Mean :!:. 1 SD 

Serum 
calcium (mg/dl ) 9 . 33 :!:. 0 . 20 9 . 38 :!:. 0 . 2 1 
phosphate ( mg/dl ) 4 . 48 :!:. 0 . 39 4 . 20 :!:. 0 . 55 
alk . pho sph . ( IE) 20 . 07 :!:. 5 . 92 20 . 70 :!:. 7 . 2 6 
magnesium (mg/dl ) 1 . 83 :!:. 0 . 15 1 . 90 :!:. 0 . 17 
albumin (mg/dl ) 4 . 39 :!:. 0 . 28 I 4 . 43 :!:. 0 . 14 

( ,U M/dl )  
I 

FFA 790 :!:. 281* I 5 9 6  :!:. 186** 
I 

iPTH ( ng e quiv . b .  PTH/ml ) 0 . 1 5 2:!:. 0 . 1 25 I 0 . 153:!:. 0 . 085 
I 

B lood 

glucose 

* n = 15 

** n = 8 

(mg/dl ) 230 . 80 :!:. 
------

I 
I 
I 

92 . 80 I 1 88 . 60 :!:. 8 5 . 90 I 
- -



4.6. SUMMARY 

From forty-seven d iabetic  chi ldren fifteen children showed a 
hypercal c iuria when first examine d .  On fo l low-up the hypercal c iuric 
group cons i s ted of thirteen children with a glucose-independent 
type , and six chil dren with a glucose-dependent type , of hypercal ciuri a .  
The glucose-independent hyperc alc iuria i s  not an incidental finding , 
the child who has this characteristic keeps i t  on fol low-up . In 
contras t ,  normoc al c iuric d i abetic chi l dren may b e come hyperc al c iuric 
l ater on , this did occur in four ch ildren . 
The glucose-independent hype rcalciuria could no t be due to metab o l i c  
ac idosi s ,  or be exp l ained b y  excess ive glucosuria or natriuresis . It  
was not possible on statistical grounds to consider fac tors such as 
age , sex , duration or control of the d i abetic process as b e ing 
imp l i c ated in the occurrence of hypercalc iuri a .  Nei ther the dietary 
c alc ium intake nor the calc ium content of drinking water were the 
cause of gluco se-independent hype rcal c iuria . 

· 

Hype rcalciuria occurs s ignificantly more frequently in di abe t i c  
chil dren than i n  heal thy children o n  a diet with a calc ium content 
equal to that of the di abetic  chil dren . 
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CHAPTER 5 

INVESTIGATIONS ON HYPERCALCIURIA 
IN DIABETIC CHILDREN 

5.1. INTRODUCTION 

From Chapter 4 it can be concluded that hype rcalc iuri a in the 
pre sence of a normal se rum calc ium occurs wi th abnormal h i gh frequency 
in d i abe tic ch i l dren . Thi s  hyperc al c iuri a is e i ther dependent or 
independent of the degree of glucose excreti on . C auses such as a 
high c al c ium intake and prim ary hyperparathyro i d i sm were unl ikely . 

The hypercal c i uria can be assoc i ated with abnormal i t i e s  in bone 
metab o l i sm .  Therefore , the growth of the d iabe t ic children and the 
amount of bone in the skele ton were anal ysed . 
Measurements of cortical thi ckne s s  in the second metacarpal bone are 
used for the detection of loss of bone substance ( B arnett and Nordin , 
1961 ; Juliani et al . ,  1 96 6 ;  Garn e t  al . ,  1 9 6 7 ) . The 24 hour urinary 
excretion of hydroxyprol ine shows a h i gh positive corre l ation with 
growth rate s  ( Smi l ey and Z i ff ,  1964)  and i s  an index of collagen 
metab o l i sm ( Udendriend , 1 9 66 ) . 

In general the cause of hyp e rcalc iuria may be an enhanced rel e ase 
of mineral s from bone , a decre ase in renal tubular reab sorption , or 
an increase in gastro intestinal ab sorp tion . To de term ine the cause of 
hyp e rc al c iuri a in the d i ab e t i c  ch i l dren , the fo l lowing stud i e s  were 
unde rtaken . 
An oral c alcium load was given to differenti ate whether the 
hyperc al ciuria in the patients was of primary intestinal origin 
( absorptive hypercalciuria) or of p r imary renal origin ( renal 
hypercalciuria ) . 
Indomethacin was administere d  to s tudy the possible contribution by 
p rostaglandins to the occurrence of hype rcal c iuri a in the d i ab e t i c  
patients .  
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5.2. RELATIONSHIP BETWEEN HYPERCALCIURIA AND 
BONE METABOLISM 

5.2. 1 . GROWTH 

There is  no statistical s ignificant d i fference in height and 
we ight between the diabetic and heal thy control chil dren ( t abl e  2 . 1 .  
and 2 . 2 . ) ,  nor be tween the hyperc al c i uric and normocal ciuric d i abetic 
chil dren ( table 4 . 2 . ) .  
The he ight of twen ty-two normocalciuric chil dren , and o f  th i rteen 
glucose-independent hypercal ciuric ch i ldren , was fo l l owed-up for one 
to four years . Also on fo l l ow-up there was no d i fference in height 
be tween normocalc iuric and glucose- independent hyperc al ciuric chil dren 
( tab l e  5 . 1 . )  ( S tudent " t "  test : n . s . ) . The numbe r  of hypercalc i uric 
chil dren who could be fo l l owed-up is,  however ,  very smal l .  

5.2.2. STUDIES OF TH E CORTICAL THICKNESS OF TH E LEFT SECOND 

METACARPAL BONE 

5.2.2.1 . patients 
X-rays were taken of the l e ft hand o f  twenty-s ix d i abetic 

chi l dren ( th i rteen normo calc iuric and thi rteen hypercalc iuric ) in 1975 
and o f  th i rty d i abet i c  ch i l dren ( sixte en normocal c i uric and fourteen 
hypercal c iuric ) in 197 6 .  E l even of the normocalc iuric chil dren and 
e l even of the hypercalciuric chi ldren had X-rays of the l e ft hand in 
1975 and also in 1976 . In the hyperc alciuric group , the glucose
dependent and glucose-independent chil dren were studied separate l y .  

5.2.2.2. results 
In tables 5 . 2 .  and 5 . 3 .  are l i sted the age s  of the chil dren at 

the time the f i rst X-ray fi lms were taken and the values of the 
external di ameter ( D )  and internal diameter ( d ) and also the l enght 
( L )  of th e second metacarpal bone . Boys and g i rl s ,  normocal c iuric 
and hype rcal c iuric children are l i sted se parately . 

Figs . 5 . 1 . , 5 . 2 .  and 5 . 3 .  i l lustrate the most important parameters 
in the patients in compari son with those pub l ished by Bonnard ( 1 96 8 ) , 
Garn et al . ( 1 9 7 1 ) and Gryfe et al . ( 1 9 7 1 ) .  The se parameters have no t 
been pub l i shed for heal thy Dutch ch i l dren . 
The index of Exton-Smith ,  the corti cal thi ckne ss , and the percent 
cortical are a did not separate the hyperc al c iuri c  d i abetic chil dren 
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Tab l e  5 . 1 .  

Normocal ciuric 

children 

Height ( SDS ) in the normocalciuric and glucose-independent hypercal ciuric 
d i abetic ch i l d ren on foll ow-up . 

Onset of study Foll ow-up 
1 yr 2 yr 3 yr 4 yr 

Mean ± 1 SD Mean ± 1 SD Mean ± 1 SD Mean ± 1 SD Mean ± 1 SD 

0 . 41 ± 1 . 02 o.  64 ± 1 . 03 0 . 5 1 ± 1 0 . 48 ± 1 . 09 0 . 34 ± 1 . 30 

(n = 3 1 )  ( n = 2 1 )  ( n = 1 5 )  ( n = 13 ) ( n = 1 1 )  

Glucose-independent 0 .  50 ± 1 .  05 0 . 46 ± 1 . 23 0 . 1 5 ± 1 . 37 0 . 2 1 ± 1 . 67 0 . 60 ± 1 . 85 

hype rcal ciuric 

chi ldren ( n = 13 ) (n = 13 ) (n = 7 ) (n = 6 ) ( n = 3 ) I 
l' 
CD 



Tab l e  5 . 2 .  

Patient N •  

!!QY§. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

� 
1 
2 

3 
4 
5 

6 
7 

External diameter ( D ) , internal diameter ( d )  and 
lenght ( L )  of the left second me tacarpal bone in 1 97 5  
( 1 )  an d  1976 ( 2 ) an d  the age of the normoc al c iuric 
d i abetic children in 1975 . 

Age ( yr )  D l  0 2  d l  d 2  L1 L2 

15  8 . 65 9 . 00 4 . 85 5 . 50 6 . 50 6 . 80 
1 6  9 . 00 8 . 95 5 . 50 5 . 5 5  7 . 10 7 . 20 
1 6  8 . 9 5 9 . 05 4 . 30 4 . 30 7 . 00 7 . 10 
1 6  8 . 85 9 . 2 5 4 . 5 5 4 . 60 7 . 40 7 . 70 

9 6 . 2 5 6 . 50 3 . 75 3 . 65 5 . 00 5 . 20 
14 8 . 70 8 . 65 5 . 10 4 . 50 7 . 55 7 . 80 

8 6 . 50 6 . 7 5 4 . 40 4 . 45 4 . 45 4 . 60 
10 7 . 1 5 7 . 55 4 . 1 5 4 . 40 4 . 90 5 . 00 
1 2  7 . 80 4 . 40 6 . 40 
13 8 . 90 6 . 10 5 . 65 

9 5 . 90 3 . 80 4 . 20 

13  9 . 2 5 5 . 00 6 . 70 
13 7 . 00 7 . 40 4 . 10 4 . 3 5 5 . 80 6 . 20 

1 7  7 . 95 4 . 25 6 . 10 

1 5  8 . 10 8 . 30 4 . 90 5 . 40 6 . 40 6 . 50 
1 1  6 . 40 7 . 00 4 . 0 5 4 . 55 5 . 70 5 . 90 
1 7  7 . 60 3 . 90 6 . 50 
15  8 . 20 4 . 20 6 . 90 
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Tab le 5 . 3 .  

Pati ent Age 
N O 

Extern al d i ameter ( D ) , internal d iameter ( d )  and 
l enght ( L )  of the left second metac arpal bone in 
1975 ( 1 }  and 1 9 7 6  ( 2 ) and the age of the 
hypercalciuric d i abetic ch i l d ren in 1 97 5 .  

( yr )  JH D2 dl  d 2  li. l  L 2  

G1ucose- indeeenderit : BOYS 
1 1 1  6 . 5 5 6 . 7 5 3 . 95 4 . 35 4 . 80 5 . 00 

2 9 6 . 95 7 . 1 5 4 . 70 5 . 10 5 . 20 5 . 40 

3 5 6 . 65 6 . 90 5 . 20 5 . 45 4 . 00 4 . 25 
4 8 6 . 60 6 . 65 4 . 05 3 .. 85 5 . 10 5 . 20 
5 1 2  7 . 80 4 . 5 5 5 . 8 5 
6 15  8 . 20 4 . 35 5 . 95 
7 13 7 . 1 5 4 . 1 5 5 . 7 5  

G IRLS 
1 13 8 . 50 4 . 60 6 . 60 

2 14 8 . 10 8 . 10 4 . 4 5 4 . 20 6 . 90 6 . 90 

3 1 1  6 . 10 6 . 3 5  3 . 00 3 . 10 5 . 30 5 . 50 
4 1 5  6 . 7 5 2 . 8 5 6 . 00 

G1 ucose-deeendent : BOYS 
1 1 5  8 . 30 8 . 50 4 . 40 4 . 5 5  6 . 40 6 . 50 
2 1 6  8 . 10 8 . 50 4 . 20 3 . 70 6 . 7 5 6 . 80 

G IR LS 
1 7 6 . 00 6 . 20 3 . 65 3 . 7 5 4 . 05 4 . 20 
2 10 6 . 65 7 . 00 3 . 55 3 . 7 5  4 . 50 4 . 70 
3 5 5 . 00 5 . 1 5 3 . 1 5 3 . 20 3 . 90 4 . 20 
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Fig . 5 . 1 .  

8 10 

+ 

+ 

12 14 
Age (yr.) 

16 

C o rti c al thi ckne ss o f  the l eft second metac arpal bone 
in the normocalciuric ( + in 1975 ; G) in 197 6 ) , 
glucose-dependent ( e in 1 975 ; � in 1 9 7 6 )  and 
glucose-independent ( o in 1 9 75 ; «» in 1 9 7 6 )  
hypercal c iuric d i abetic children : l i n e s  connec t  the 
two measurements in the glucose-independent 
hypercal c iuri c children . 
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Fig . 5 . 2 .  Percent corti cal area of the l eft second metac arpal 
bone in the normoc al c iuric ( + in 197 5 ; (!) in 197 6 ) , 
gluco se-dependent ( • in 1 97 5 ; @ in 1 97 6 )  and 
glucose-independent ( o  in 1 9 75 ; � in 1976 ) ,  
hypercal c iuric d i abetic ch i l d ren : lines connect the 
two me asurements in the gluco se-independent 
hypercalc iuric chil dren . 
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F i g .  5 . 3 .  Index of Exton-Smith on the l e ft second me t ac arp al 
b one in the normoc al ciuric ( + in 1975 ; 3 in 1 9 7 6 ) , 
glucose-dependent ( • in 197 5 ; @ in 19 7 6 )  and 
gluco se-independent ( o  in 1 9 7 5 ; 0 in 1 9 7 6 )  
hyp e r c al c i uric d i ab e t i c  c h i l dren : l ines connect the 
two measurements in the glucose-indep endent hypercalc iuric 
c h i l dren . 
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from the normocalc iuric ones . 
In three out of four d i abetic boys with glucose-independent 
hyperc al c iuria ,  the PCA and the index of Exton-Smith decre ased after 
one year , whi l e  in six out of e ight normoc al ciuric boys , the se 
parameters increased . In the hypercal c i uric girls  no change 
occurred . 
A l l  d i abetic ch i l dren h ave values of cortical thi cknes s  below those 
pub l i shed by Bonnard ( 1968 ) and Garn e t  al . ( 1 97 1 ) . No s ignificant 
d i fferences be tween boys and girls are noted . The PCA in d i ab e t i c  
children i s  a l s o  lower than that pub l ished b y  Garn e t  al . ( 1 9 7 1 ) 
and again , no d ifference s  were found be tween boys and g i rl s . In the 
d i abetic boys and girls  only the index of Exton-Smith is within the 
normal l im i ts pub l i shed by Gryfe et al . ( 1 97 1 ) . 

5.2.3. URI NARY EXCRETION OF HYDROXYPROLINE 

5,2.3.1 . patients 

In 1 9 7 6 ,  the 24 hour urinary excre t ion of cre atinine and 
hydroxyprol ine was dete rmined in fourteen normoc alc iuri c , nine 
glucose-independent hype rcal c iuric and five glucose-dependent 
hype rcalc iuric d i abetic chil dren whi l e  on a ge l atin-free d i e t . 

5.2.3.2. results 

F i g .  5 . 4 .  shows the urinary hydroxyproline excretion ( mg / 24 hr/ 
m2 of body surfac e )  in normocal ciuric , glucose-independent and 
glucose-de pendent hypercalc iuric ch i l dre n .  The values reported by 
Will iams ( 1 974 ) were used as reference value s . 
There was no change in the mean hydroxyprol ine exc re t ion in the three 
age groups of the d i abetic patients in contrast to the data of 
Wi l l i ams ( 1974 ) . The 24 hour urine creatin ine excretion was no� 
abnormal l y  low and , therefore , incomp l e te urine c o l l ecti ons could not 
account fo r the low excreto ry rate of hydroxyprol ine in the e ight 
chil dren in the age groups one to fourteen years . In the age group 
above fourteen years where many of the d i abetic chi l dren were not 
pos t-pube ral e ight chi ldren had an abnormal ly high urine hydroxy
prol ine excretion . 
No s i gnifi cant d i fference be tween hypercal c iuric and normocal ciuric 
d i abetic ch i l dren coul d be shown . 
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F i g .  5 . 4 .  Urinary hydroxypro l ine excreti on in the normocal ciuric ( + ) , 

glucose-dependent ( • ) and glucose-independent ( o ) 
hypercalc iuric d i abetic children . 

5.3. EFFECT OF AN ORAL CALCIUM LOAD 

5.3.1 .  INTRODUCTION 

Pak et al . ( 1975 ) deve loped a test to fac i l i t ate the 
d ifferent iation between ab sorptive and renal hype rcal c iuri a .  After 
an oral calcium load , the urinary excret ion of c al c ium is high in 
the pre sence of intestinal hyperab so rption of cal c i um ,  and P ak  et al . 
( 1975 ) sugge sted that under the se cond i tions the urinary cyc l i c  ANP 
excretion p rovi des a rel i ab l e  measure of p arathyroid response . The 
test was found to be as rel i ab l e  when fasting urine collec tion 
periods of two hours instead of four hours were used . 
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5.3.2. PATIENTS 

In fifteen normocal c iuri c ( g roup 1 )  and ten glucose-independent 
hyp e rc al c iuric ( group 2 )  d i ab e t i c  chi l d ren the test was c arri ed out 
as des c ribed in Chapter 2 . 3 .  whi l e  the chi l d ren were fast ing . After 
collecting urine during a two hour fasting p e riod ( contro l  p eriod ) ,  
1 g of ionised calcium ( 2  t ab l e t s  of cal cium Sandoz )  was administe red 
to e ach child , and urine was collected again during the two following 
hours ( te s t  period ) .  
Tab l e  5 . 4 .  l i s t s  the chronological age , numb er of years of insulin 
administration , he igt and we ight of the d i abetic chi ldren o f  e ach 
group . The age o f  the chi ldren ranged from 5 . 5  to 16 . 5  years . 

Tab l e  5 . 4 .  : Age , duration of d i abe tes , he ight and we ight of 
the normocalciuric and gl ucose-independent hyperc alciuric 
d i abet i c  chi ldren before the calcium load . 

Group 1 ( n  = 1 5 )  Group 2 ( n  = 1 0 )  

uc a:s; 5 .  2 ( mg /kg / 2 4  h r )  uca> 5 . 2  ( mg/kg / 2 4  h r )  

Mean :!:. 1 SD Me an :!:. 1 SD 

Age ( yr )  13 . 7  :!:. 2 . 6  1 1 . 2  :!:. 2 . 9  

Duration of 7 . 5  :!:. 3 . 3  4 . 2  :!:. 3 . 5  

d i abetes { yr )  

He ight ( SDS ) + 0 . 63:!:. 0 . 88 + 0 . 5 1:!:. 1 . 34 

Weigh t  ( SD S )  + 0 . 41:!:. 0 . 66 - 0 . 07:!:. 0 . 69 

5.3.3. RESULTS 

Tabl e 5 .  5 .  l.i s t s  the concentration s  of b lood glucose , serum FFA 
and urinary glucose during control and test period s .  U rinary acetone 
was measured only during the contro l  period . 
No difference in urinary glucose , ace ton e ,  b l ood glucose and serum 
FFA could b e  estab l i shed be tween the two group s ,  al though the se 
values are somewhat l ower in group 2 ( Student "t"  test : n . s . ) .  
The urinary excretion of glucose remained unchanged in group 2 after 
the c al c ium load , whereas in group 1 i t  rose . Thi s  change in group 1 
i s  however ,  not significantly d ifferent from that me asured in group 2 .  

Tab l e  5 . 6 .  l i sts the concentrations of serum cal c i um , inorganic 
phosphate , sodium ,  potassium ,  alkal ine phosphatase and p l acma iPTH , 
hCT and hGH at 8 a . m . , b e fore the calc ium l o ad , and at 10 a . m . , during 
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Table 5 . 5 .  Urinary glucose and acetone , b l oo d  g l ucose and serum FFA 
before ( control p e r i od ) , and aft e r  ( te s t  period)  the calc ium load . 

Group 1 ( n  = 1 5 )  Group 2 ( n  = 1 0 )  

uca� 5 . 2  (mg/kg/ 24 h r )  uc a > 5 . 2  (mg/kg/24 hr)  

Period : Period : 

Control I Test Control Test 
I 

Mean .:!:. 1 SD I Mean + 1 SD Mean + 1 SD Mean .:!:. 1 SD 
I 
I 

Urinary glucose 0 . 13 .:!:. 0 . 14 I 0 . 19 .:!:. 0 . 20 0 . 1 3 + 0 . 1 7 0 . 13 .:!:. 0 . 19 I 
( g/kg/24 hr ) I 

I 
U rinary acetone (mg/dl ) 9 . 80 + 1 5 . 07 I 3 . 20 + 4 . 5  I 

I 
I 

B l ood glucose ( mg /dl ) 2 2 8 . 00 + 105 . 30 I 242 . 30 + 96 . 90 1 9 9 . 30 + 1 2 1 . 70 207 . 70 .:!:. 109 . 00 I 
I 

Serum FFA ( f.l  M/1 ) 7 6 5  + 3 3 5  I 809 + 391 687 + 321 545 + 237 - I - - -
I 

I 



Tab l e  5 . 6 .  The concent ration of several blood consti tuents 
before ( control period )  and after ( test p eriod ) the calc ium l oad . 

Group 1 ( n  = 1 5 )  Group 2 ( n  = 10 ) 

Uca� 5 . 2  {mg/kg / 2 4  h r )  Uca >5 . 2  { mg/kg / 2 4  h r )  

Period : Period : 

Contro l  ! Test Control I Test I 
I 

Mean :!:. 1 SD Mean :!:. 1 SD Mean :!:. 1 SD l Mean + 1 SD 

I Se rum I 
calc ium ( mg/d l )  9 . 7 2 :!:. 0 . 48 10 . 3 6  :!:. 0 . 46 9 . 7 5 :!:. 0 . 5 9 I 10 . 35 + 0 . 46 I 
phosphate {mg/dl ) 4 . 2 5 + 0 . 3 5 4 . 17 :!:. 0 . 40 4 . 43 :!:. 0 . 48 I 4 . 50 :!:. 0 . 3 7 I 
sodium (mEq/ 1 )  136 . 08 :!:. 3 . 35 

I 
137 . 1 5 :!:. 2 . 97 137 . 14 :!:. 1 .  95 I 136 . 50 :!:. 1 .  60 

( mE q/ 1 )  
I 

potass ium 4 . 43 :!:. 0 . 44 4 . 47 :!:. 0 . 35 4 . 4 1 :!:. 0 . 30 I 4 . 35 :!:. 0 . 3 2 
I 

alk .  phosph . ( IE )  20 . 98 :!:. 9 . 9 1 2 1 . 02 :!:. 10 . 42 25 . 2 7 :!:. 5 . 47 2 6 . 06 :!:. 5 . 5 7 

P l asma 
iPTH (ng e quiv . b . PTH/m l ) 0 . 13 :!:. 0 . 08 0 . 15 + 0 . 10 0 . 10 :!:. 0 . 07 0 . 10 :!:. 0 . 07 
hCT {ng/m l )  0 . 3 1 :!:. 0 . 14 0 . 3 1 + 0 . 1 2 0 . 24 :!:. 0 . 1 1 0 . 2 5 :!:. 0 . 1 2 
hGH {ng/m l )  4 . 45 :!:. 7 . 30 5 . 09 :!:. 7 . 43 3 . 2 9 :!:. 4 . 5 5 2 . 91 :!:. 5 . 2 7 

-

I 

['. 
['. 



the test period , after the cal c ium l oad . 
The se rum l evel of cal cium ,  inorgani c  phosphate ,  sod i um ,  potassium , 
alkal ine phosphatase and the pl asma iPTH , hCT and hGH concentrations 
were not di fferent in group 2 when compared to group 1 ( Student " t "  
test : n . s . ) .  
The se rum calcium l evel rose s ignificantl y after the oral calc ium 
load in e ach of the two groups ( p aired " t "  stat istic : p < 0 , 01 ) . 
The calcium inc rement was not significantly di fferent b etween the 
two groups . After the calc ium load no change was measured in the 
se rum inorganic phosphate ,  sod ium , potassium ,  alkaline phosphatase , 
pl asma i PTH , hCT and hGH concentrations ( paired " t "  statistic : n . s . ) .  
There i s  a wide spread of hGH l evels in both d i abetic groups .  

The urinary excret ion of several sub stances during the control 
and test periods of e ach group are l isted in tab l e  5 . 7 .  The urinary 
excret ion of the substances is expressed e i ther as per kg of body 
we ight or as per mg and g of creatinine excreted in the urine . 

No teworthy is the h igh fasting calcium/cre at inine rat io of 0 . 2 1 
+ 0 . 1 1 ( SD )  during the control period in group 2 as compared to 
group 1 ( Student " t "  test : p -<:;,  0 . 001 ) . 
The rise in the calcium/creatinine rat io in group 1 from 0 . 08 + 0 . 06 
( SD )  to 0 . 1 3 + 0 . 09 ( SD )  after the calcium load is sign i fi c ant-in 
group 1 ( paired " t "  stat i s t i c  : p <. 0 . 01 ) ,  but not so in group 2 .  The 
inc rement in the calc ium/creatinine ratio after the calcium l o ad in 
group 1 is,  howeve r ,  not signiflcantly di fferent from that in group 2 .  

The urinary cyc l i c  AMP concentrat ion per uni t  c re at inine during 
the control period was lower in d i abe t i c  chil dren than in the 
seventeen healthy ch i l d ren , where a mean of 5 . 80 � Mo les/g of 
creatinine + 2 . 43 ( SD )  was found ( Student "t" test : p <. 0 . 00 5 )  
decreas ing with age ( r = -0 . 732 ; p < 0 . 0 1 ) . The urinary cAMP 
excret ion in d i ab e t i c  ch i ldren al so decreased wi th age ( r  = 0 . 418 
p < 0 . 05 ; n = 25 ) .  
The urinary cAl-IP concentrat ion was somewhat higher in group 2 when 
compared to group 1 ,  but was not statistically s ignific ant . 
The urinary cyc l i c  AJ.jp excret ion d i d  fall s ignifi cant ly in group 2 
from 3 . 9 8 + 1 . 02 ( SD )  to 3 . 1 6 + 0 . 69 ( SD )  after the c al c ium l o ad 
( paired " t" stati stic  : p <  0 . 05 ) , but did not decre ase significantly 
in group 1 .  Howeve r ,  the decrement of urinary cyc l i c  AMP excre t i on 
after the c al c ium load in group 2 was not significantly di fferent 
from that in group 1 .  
There was no d i fference between the two groups in the urinary 
excret ion of sod ium wh ich ros e after the calcium load in both groups , 
but not significantly . 
The re was no corre lat ion be tween the urinary excret ions of calcium and 
sod ium in the hyperc alc iuric chi l dren during the test period (r = 0 . 2 3 4 ;  
p > 0 . 05 ; n = 1 0 ) . 

The urinary excretion of potassium in the control period was 
h i gher in group 2 ( Student " t "  test : p < 0 . 05 ) , but d i d  not change 
significantly after the calcium load . 

There was no significant d i fference be tween the volumes of the 
urines of group 1 when compared to group 2 during th e control and test 
periods . 

The cre at inine c l e arance was high in both group s ,  but there was 
no significant di fference . 

The urinary inorganic phosphate excretion showed no d i fference 
be tween the two group s ,  but decre ased significantly after the calcium 
load only in group 2 ( paired " t "  statistic : p < 0 . 0 5 ) . 
The values of the tubular reabsorpt ion of phosphate ( TRP ) and of the 
tubular maximum reabsorption of phosphate per 100 ml of glomerul ar 
fil trate ( TmP/GFR ) were not significantly d i ffe rent in group 2 when 
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Tab l e  5 . 7 .  The renal excreti on and handl ing of several sub s tanc e s  
before ( contro l perio d )  and after ( te s t  peri o d )  the calc ium l o ad . 

Group 1 ( n  = 1 5 )  Group 2 (n  = 1 0 )  

uca� 5 . 2  (mg/kg / 2 4  hr)  Uc a > 5 . 2  (mg /kg / 2 4  hr ) 

Period : P e riod : 

Control I Test Control Test I 

Mean .:!:. 1 SD I Mean .:!:. 1 SD Mean .:!:. 1 SD Mean .:!:. 1 SD 
I 

calcium (mg/mg creat ) 0 . 08 .:!:. 0 . 06 : 0 . 13 .:!:. 0 . 09 0 . 2 1 .:!:. 0 . 1 1 0 . 24 .:!:. 0 . 10 
sodium (mEq/kg/2 h r )  0 . 33 .:!:. 0 . 24 1 0 . 37 .:!:. 0 . 2 1 0 . 29 .:!:. 0 . 20 0 . 43 + 0 . 2 6 
potassium ( mEq/kg / 2  hr)  0 . 13 .:!:. 0 . 07 0 . 17 .:!:. 0 . 09 0 . 2 1  .:!:. 0 . 10 0 . 1 9 .:!:. 0 . 13 
phosphate { mg/kg / 2  h r )  1 . 65 .:!:. 1 . 1 5 1 . 2 9 .:!:. 0 . 8 1 2 . 10 .:!:. 1 . 36 1 . 40 .:!:. 0 . 8 5 
TRP ( % )  89 . 00 .:!:. 6 . 50 8 9 . 70 .:!:. 6 . 30 8 8 . 90 .:!:. 4 . 90 9 2 . 50 .:!:. 4 . 00 
TmP/GFR {mgP/ 100 ml GFR ) 4 . 30 + 1 . 02 4 . 31 .:!:. 1 . 00 4 . 35 .:!:. 0 . 7 6 4 . 9 7 .:!:. 0 . 95 
cAMP ( f-l  M /g c re at ) 3 . 43 .:!:. 0 . 88 3 . 07 .:!:. 0 . 93 3 . 98 .:!:. 1 . 02 3 . 1 6 .:!:. 0 . 69 
creatine c l e arance 1 8 1 . 20 .:!:. 7 1 . 00 1 5 2 . 20 .:!:. 41 . 50 173 . 20 .:!:. 42 . 70 1 1 7 2 . 50 .:!:. 39 . 90 
( m l /min/ 1 .  73 m2 ) 

I 
I 
I 

vo lume ( m l / 2  hr)  207 . 64 + 93 . 03 212 . 00 + 8 1 . 90 206 . 00 +102 . 2 7 1203 . 89 + 1 1 2 . 8 8 
- - - I -

I 

i en 
[' 



compared to those of group 1 . 
These parame ters were the s ame before and after the calc ium load in 
group 1 .  However ,  a s ignificant incre ase in TRP ( % )  from 8 8 . 92 + 
4 . 90 ( SD )  to 92 . 50 + 3 . 9 7 ( SD )  and in TmP /GFR from 4 . 3 5  + 0 . 76 ( SD )  
t o  4 . 9 7  + 0 . 95 ( SD ) -;- respe c tive l y ,  ( paired " t "  st ati stic- :  p <.  0 . 01 )  
was ob served in group 2 aft er the calcium load ( fi g .  5 . 5 . ) .  This 
inc rement in TRP and TmP /GFR in group 2 was also s igni fi c ant l y  
different from that noted in group 1 ( Student " t "  test : p < 0 . 02 ) .  

Trn P/GFR 
(rngPj100rnl GFRJ 

6 

5 

3 
I' 

Group 1  Uca� 5.2(rng/kfJ/24hr) 

·:x: + 

p)O.OS 
Before After 

Group 2  
Uca) 5.2(rng/kgj24hr) 

p(0.01 
Before After 

F i g .  5 . 5 .  TmP /GFR in the normocalciuric ( + )  ( group 1 )  and glucose
independent ( o )  ( group 2) hype rcalc iuric d i abetic chil dren 
before and after the oral c al c ium l o ad . 

5.4. EFFECT OF INDOMETHACIN 

5.4. 1 . INTRODUCTION 

It was suggested in the previous Chapter that parathyro i d  
hormone or sub stance s  related t o  PTH , coul d no t be t h e  fac tors 
respons ib l e  for the hyperc alciuria found in the d i abetic chil dren . 
Most of the hyperc alciuric chil dren did not have e l evated 
immunoreac tive parathyro i d  hormone p l asma leve l s . 

The resul t s  of the oral calc ium l o ad test suggested that the 
hyperc alciuria coul d be of primary renal origin . Therefore , the 
po ssible influence of prostagl andins on the hypercal c iuria in the 
d i abetic chil dren was eval uated b y  inhibiting prostaglandin synthe s i s  
with indomethac i n .  

The suggestion that pros taglandins may be of importance derives 
from the fol l owing observat ions . 
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Prostagl and ins of the E series are potent stimul ators of bone 
resorption in vitro ( Kl e in and Raisz , 1970 ) , and al tered bone 
metabo l i sm in d i abetic pat ients was described by Levin et al . ( 1 97 S) , 
De Leeuw ( 1976 ) ,  and in this study in Chapter 5 . 2 . 2 .  
I t  has been proposed that prostaglandins may b e  the humoral agents 
responsible for the hypercal c aemia seen in animals and humans with 
solid tumors ( Tash j i an  et al . ,  1972  and 1974 ; Brere ton et al . ,  197 4 ;  
Blum , 1 97 5 ;  S eyb erth e t  al . ,  197 5 ;  Voelkel et al . ( 1 97 5 ) . 
Indomethacin and aspirin , potent inhibi tors of the prostaglandin 
synthesis are used c l inical l y  to corre c t  hyperc al c aemi a asso c i ated 
with sol i d  tumours (Vane , 1971 ; Smith and Wi l l is , 1 9 7 1 ) . 
In the syndrome of B art te r ,  the h igh urinary excretion of sodium , 
potassium (Verberckmoe s et al . 1 9 7 6 )  and calc ium ( Donker e t  al . 1976 /b ) 
decreases when the pat i ents are treated with indomethacin • .  

The ub iqui tous quas i -hormones , the prostagl andins , have been 
c re d ited with numerous b iological funct ions ( R amwe l l  and Shaw , 1 9 70 ) , 
such as the activation of adenyl cyc l ase in a wide variety of t issues 
and c e l l  systems , and involvement in c at ion transport in the cell  
membrane ( Paton and Danie l , 1967 ; Strong and Boh r ,  1967 ) . 

5.4.2. PATIENTS 

E l even d i abetic chil dren with a normal urinary c alc ium excretion 
( group 1 ) ,  and ten d i ab e t i c  chil dren with gluco se-independent 
hype rc al c iuri a ( group 2 ) , were given 0 . 5  mg of indomethacin per kg 
body we ight oral l y  at 8 a . m .  after an overnight fas t .  Four other 
normo c al c iuri c d i ab e t i c  ch i l d ren did not rece ive indomethac in.  Urine 
was col lected from 6 a . m .  unt i l  8 a . m .  ( control period ) and from 8 a . m .  
unt i l  1 0  a . m .  ( test period ) ( se e  Chapter 2 . 3 . ) .  
The chronological age , height and we ight of the children and the 
duration of insul in adminis trat ion to the children of both groups are 
l isted in t ab l e  5 . 8 .  

Tab l e  5 . 8 .  : Age , duration o f  diabe te s ,  he ight and weight of 
the normoc al c iuri c and glucose -independent hyperc alc iuric 
d i abetic chi l dren before the indome thacin admini s tration . 

Group 1 ( n = 1 1 )  Group 2 ( n  = 1 0 )  

uc a� 5 . 2 (mg/kg / 2 4  h r )  uca> 5 . 2 .  (mg/kg/24 hr) 

!•lean ± 1 SD Mean ± 1 SD 

Age ( yr )  13 . 00 ± 2 . 65 1 1 . 80 ± 2 . 5 7 

Duration of 
d i abetes ( yr )  5 . 73 ± 2 . 2 2 4 . 59 ± 4 . 13 

Height ( SDS ) + 0 . 83 ± 0 . 92 + 0 . 24 ± 1 . 44 

We ight ( SDS ) + 0 . 3 9 ± 0 . 58 - 0 . 40 ± 0 . 7 8 
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The children of group 2 { gluco se-ind ependent hyperc al c iuri c )  
when compared t o  those of group l ( normocalc iuri c )  were younger,  
l i ghter in weight and the i r  d iab etes was of a shorter duration , but 
these differences were of no significance , except for the weigh t  
( Student " t "  test : p < 0 . 05 ) . 

5.4.3. RESULTS 

Two hours after the indome thac in admini stration the 
indometh acin serum leve l s  were 0 . 9 8 fL g/ml + 0 . 38 ( SD )  (n  = 7) in 
group 1 and 1 . 50 11- g/ml ± O . fi9' ( SD )  (n = 8) In group 2 ( Student " t " 
test : n . s . ) .  

Tab l e  5 . 9 .  shows that between the two groups of d i abe tic 
chil dren the b l ood glucose , pH , and bic arbonate leve l s  did not differ 
signifi cantly nor show any significant change after indome th ac in 
administrat ion . 
The urinary acetone and serum FFA increased signifi cantly during the 
test period . However , only in group 1 and not in group 2 ,  was th i s  
inc rement of urinary ace tone and serum FFA significant ( pai red " t "  
statistic  : p < 0 . 0 5 ;  p < 0 . 00 5 ,  respective l y ) . Be tween the two 
groups the increment of the urinary ac etone and serum FFA was not 
significantly different . 

The urinary pH was significantly higher in group 2 compared to 
that in group 1 ( Student " t "  test : p < 0. 05 du ring control period ; 
p <  0 . 005 during test period ) .  Urinary pH and urinary glucose d i d  not 
signifi cantly change after indome thacin administrat ion . 

T ab l e  5 . 10 .  shows that there was no di fferenc e in se rum c alc ium ,  
ionised c alcium ,  phosphate , alkal ine phosphatase , sod ium and potassium 
between the two d i abetic groups . 
Serum calcium ,  ionised c al c ium and alkal ine phosphatase showed no 
signifi cant al terations after indometh ac in . Serum phosphate 
decre ased in group 1 ( paired " t "  stati stic : p <  0 . 02 )  and not in 
group 2 ,  but the decrement of the serum phosphate in group 1 was not 
di fferent from group 2 .  
Serum sodium decre ased in both d i abetic groups after indomethacin 
admini stration ( paired " t "  statistic : p < 0 . 00 5  in group 1 ;  p < 0 . 0 1  
i n  group 2 ) . The dec rement was s ignifi cantly di fferent i n  group 1 
when compared to that of group 2 ( Student " t "  test : p < 0 . 05 ) . Serum 
potassium d i d  not incre ase significantly after indome thacin 
adminis tration in e i ther groups . 

As shown in table 5 . 1 1 . ,  the urinary calcium to c reatinine ratio 
was high during the contro l  pe riod in group 2 ( 0 . 3 2 )  compared to that 
in group 1 ( 0 . 0 7 )  ( Student " t "  test : p < 0 . 001 ) and decre ased in 
both groups ( p ai red " t "  statistic  : p < 0 . 02 ) . The dec rement of the 
calc ium/creat inine ratio was d i fferent between group 1 and group 2 
( Student " t "  test : p <. 0 . 02 )  : in the hyperc al c iuric group ( group 2 )  
the calc ium/creat inine ratio decre ased more than in the normoc al c iuric 
group ( g roup 1 )  after indome thacin administration . The urinary 
sodium excretion was not significantly di fferent be tween the two 
groups and did not change s ignific antly during the test period . 
Figs . 5 . 6 .  and 5 . 7 .  i l lustrate the urinary cal c ium to creatinine rat io 
and sod ium excretion for e ach patient in the two groups during control 
and test period . 

The urinary excretion of sodium and the c al c ium to c re at inine 
ratio ( tab le 5 . 1 1 . )  correlates signi ficantly in the normocal c iuric 
group during the control period (r 0 . 900 ; p � O . Ol ) and during the 
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Tab l e  5 . 9 .  Urinary glucose , ace tone , pH,  b lood glucose , serum FFA , b lood pH , standard 
and actual b i c arbonate before ( control peri o d )  and after ( test period ) 
indomethac in administration . 

Group 1 ( n  = 1 5 )  Group 2 ( n  = 1 0 )  
uca� 5 . 2  ( mg /kg / 2 4  h r )  uca > 5 . 2  {mg/kg /24 h r )  

Period : Period : 

Control l Test Control I Test I 
Mean ± 1 SD : Mean ± 1 SD Mean ± 1 SD L Mean ± 1 SO 

Urinary : 
0 . 1 6 1 I 

glucose ( g /kg/2  h r )  0 . 13 ± 0 . 18 : 0 . 25 ± 0 . 23 0 . 10 ± 0 . 10 ± 0 . 14 
ace tone (mg/dl ) 2 . 13 ± 2 . 58 : 5 . 73 ± 6 . 6 1 2 . 1 2 ± 3 . 2 6 : 3 . 41 ± 4 . 46 
pH 5 . 57 ± 0 . 40 : 5 . 57 ± 0 . 34 6 . 27 ± o .  74 : 6 . 37 ± 0 . 62 

I I 

llQ.2£ I 
I I 

glucose (mg/dl ) 231 ± 100 . 3  I 247 ± 8 6 . 3  2 1 4  ± 1 1 1 . 9  I 2 1 6  ± 86 
pH 7 . 37 ± 0 . 09 1 7 . 38 ± 0 . 10 7 . 37 ± 0 . 05 : 7 . 35 ± 0 . 07 
st HC03 23 . 38 ± 4 . 1 9 I 2 1 . 8  ± 4 . 05* 24 ± 2 . 54 : 20 . 7  ± 3 . 8** 

4 . 1 6 I I 
ac Hco3 2 5 . 38 ± 22 . 57 ± 4 . 49* 25 . 2  ± 2 . 6 2 I 2 1 . 4  ± 4 . 2 7* *  

I I 
� I I I 
FFA ( fL M / 1 ) 652 ± 460 1 1 , 224 ± 563 580 ± 310 1 1 , 07 0  ± 7 3 2  

I 
I 

* n 9 ** n 8 

' 

C') 
co 
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Table 5 . 10 .  The conc entrati on o f  several b lood const i tuents 
befo re ( contro l  period ) and aft e r  ( test period ) indomethacin administration . 

Group 1 ( n  = 1 1 ) Group 2 ( n  = 1 0 )  
uca::S 5 . 2 ( mg /kg / 2 4  hr)  uca> 5 . 2  (mg /kg/24 h r )  

Period : Period : 

Control Test Contro l  ! Test 

Mean .:!:. 1 SD Mean .:!:. 1 SD Mean .:!:. 1 SD Mean .:!:. 1 SD 

� 
calc ium ( mg % ) 9 . 4  .:!:. 0 . 17 9 . 37 .:!:. 0 . 31 9 . 42 .:!:. 0 . 19 9 . 44 .:!:. 0 . 32 

ionised c al c i um ( mEq/ 1 )  1 . 9  .:!:. 0 . 09 1 . 91 .:!:. 0 . 08 1 . 92 .:!:. 0 . 06 1 . 94 .:!:. 0 . 08 

phosphate ( mg %) 4 . 45 .:!:. 0 . 39 4 . 17 .:!:. 0 . 44 4 . 1 6 .:!:. 0 . 60 4 . 02 .:!:. 0 . 48 

potassium (niEq/ 1 ) 4 . 39 .:!:. 0 . 34 4 . 44 .:!:. 0 . 41 4 . 15 .:!:. 0 . 40 4 . 24 .:!:. 0 . 40 

sodium (mEq/ 1 )  137 . 5  .:!:. 2 . 94 134 . 7  + 3 . 38 137 . 3  + 3 . 65 I 136 . 5  + 2 . 83 
- - I -

alk . phosph . ( IE/ml ) 22 . 4  .:!:. 5 . 29 23 . 18 .:!:. 6 . 58 2 1 . 9  .:!:. 7 . 28 I 2 1 . 33 .:!:. 6 . 65 I ��--- -- - -- - -- -



T ab l e  5 . 1 1 .  The renal excretion and handling of several substances 
before ( contro l  period ) and after ( test period ) indome thacin admini stration . 

Group l ( n  = l l ) Group 2 ( n  = 1 0 )  
uca� 5 . 2  ( mg /kg /24 hr)  uc a> 5 .  2 ( mg/kg/24 h r )  

Period : Period : 

Control I Test Contro l I Test 
Mean .:!:. 1 SD I Mean .:!:. l SD Mean .:!:. l SD I Mean .:!:. 1 SD I 

cal c ium ( mg/mg/ creat ) 0 . 07 .:!:. 0 . 0 4  I 0 . 04 .:!:. 0 . 03 0 . 32 .:!:. 0 . 18 I 0 . 17 .:!:. 0 . 15 l I 
sodium ( mE q/kg/ 2  hr ) 0 . 30 .:!:. 0 . 26 

I 
0 . 2 1 .:!:. 0 . 22 0 . 44 .:!:. 0 . 24 I 0 . 3 6 .:!:. 0 . 23 

potas sium (mEq/kg/2 h r )  0 . 14 + 0 . 0 8  0 . 18 + 0 . 0 8  0 . 17 + 0 . 09 I 0 . 2 2 + o . n  I - - - I -

phosphat e ( mg /kg/2 hr ) 1 . 6  .:!:. 0 . 72 I 1 . 63 .:!:. 0 . 66 1 .  76 .:!:. 0 . 99 I 1 . 64 .:!:. I 0 . 69 
TRP ( % )  8 9 . 4  .:!:. 5 . 36 I 87 . 5  .:!:. 5 . 47 86 . 27 .:!:. 8 . 47 I 8 6 . 86 .:!:. 9 . 89 I 
TmP/GFR (mgP /1 00 ml GFR ) 4 . 30 .:!:. 0 . 89 I 3 . 93 .:!:. 0 . 5 5 3 . 9  .:!:. 0 . 91 I 4 . 01 .:!:. 0 . 79 I 
cAMP ( p. g/g c re at 3 . 64 .:!:. 1 . 58 3 . 8 2 .:!:. 1 . 07 4 . 85 .:!:. 1 . 54 I 4 . 27 .:!:. 1 . 39 I I 
creat inine c learanc e 1 6 1 . 4  .:!:. 36 . 2  1 5 5 . 4  .:!:. 49 . 1  132 . 6  .:!:. 35 . 3  I 142 . 5  .:!:. 42 . 6  
(m1 /min/ 1 .  7 3  m2 ) I 
volume (ml / 2  h r )  2 1 6  .:!:. 102 185 .:!:. 106 256 .:!:. 167 I 231 .:!:. 120 

l!l 
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Fig . 5 . 6 .  Urinary c al c ium to creatinine concentration rat io in the 
normocalc iuri c ( + )  ( group 1 )  and glucose-independent ( o )  
( group 2 )  hypercal c iuric diab e t i c  ch i l dren b e fore and 
after indomethac in adminis tration . 
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Fig . 5 . 7 .  Urinary sodium excretion in the normo c al ciuric ( + )  ( group 1 )  
and glucose-independent ( o )  ( group 2 )  hypercal ciuric 
diabetic chil dren b e fore and after indomethacin 



test period ( r  = 0 . 940 ; p < 0 . 01 ) . 
In the hypercal c iuric group the corre l at ion be tween the excret ion of 
sodium and the c al c ium to c re at inine ratio was not significant 
during the control period (r = 0 . 420 ; p :> 0 . 05 ) , but was s i gnificant 
after the indome thac in admini stration (r = 0 . 634 ; p < 0 . 05 ) . 

The TRP , TmP /GFR , c re at inine c l e arance , and the urinary 
excret ion of potassium ,  inorganic phosphate and cAMP and the urinary 
volume ( tab l e  5 . 1 1 . )  showed no significant ·aiffe rence be tween the 
two groups of chil dren during the -control p�rio d ,  and also during 
the test period . 

• 

The s l i ghtly higher excre t ion rate of potass ium and cAMP in the 
hypercalc iuric group during the control period is noteworth y .  

The four c h i l dren who had not received indomethac in d i d  not 
show al terations in the calc iUm to creat inine ratios , nor in the 
urin ary sod ium excretion . The sodium excreted ( mEq/kg/2 hr) and the 
c alcium to c re at inine rat io ( mg/mg ) determined in the 6 to 8 a . m .  
urine samp le was 0 . 35 + 0 . 2 9 ( SO )  and 0 . 1 1 + 0 . 05 ( SO )  re spec t ive l y ,  
and i n  the 8 t o  1 0  a . m� urine sample 0 . 44 +-0 . 36 ( SD )  an d  0 . 1 1 + 
0 . 06 ( SO )  respec t ive l y .  

- -

5.5. SUMMARY 

During the four year fo l l ow-up period the growth in height of 
the hyperc al c i uri c d i abe t i c  ch i l dren was not d i fferent from th at of 
the normocalc i uri c children . 
In the diabetic patients the cort i c al thi ckness and the percent 
corti cal are a ,  but no t the index of Ex ton-Smi th were below the values 
reported for normal children . Th ese p arame ters did not significantly 
d i ffe r be tween the hyperc al c i uric and normocalc iuric diabe t i c  ch i l dren . 
Be tween the hype rcal c i uric and normo c alc iuric chil dren there was no 
s ignifican t  d i fference in the urinary hydroxyp rol ine excret ion . 

Compared wi th the normocal c iuri c d i ab e t i c  group , a significantly 
h igher urinary calcium to c reatinine concentrat ion rat io and a 
sign i fi c antly h igher urinary pH were noted during fasting in the 
glucose-independent hypercalciuric group . The two groups d i d  not 
d i ffe r in b lood pH and b i carbonate level s .  The urinary po tass ium 
excretion during fast ing was h i ghe r  in the glucose-independent 
hyperc al c iuri c group than in the normocal ciuric d i abetic group , but 
only once out of the two determinat ions s ignificant l y .  The urinary 
cA�!P excret ion in the d i ab e t i c  chil dren was significantly lower 
compared to that in the healthy chi l dren . 

In the glucose-independent hype rcal c i ur i c  group the oral calc ium 
load decreased the urinary cAMP and increased the TmP /GFR and TRP 
significantly.  The leve l s  of iPTH were not di fferent be tween the 
hypercalc iuric and normocal c i uric diabe t i c  pat i ents . 

After indome thac in admini stration , the decrement of the urinary 
c al c i um to c re at inine concentration ratio in the hypercalc iuric 
ch i l dren was significantly di fferent from the normocalciuric ch i l d ren , 
wi th no alterat ions in the urin ary excretion of sod ium . 
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CHAPTER 6 

DISCUSSION 

The purpose of this s tudy was to investi gate the urinary 
excretion of c al c ium in d iabetic  chil dren . The study ori ginated 
from the finding of abnormal ly h i gh urinary cal c ium excretion l eve l s  
i n  some of the d i ab e t ic chi l dren o f  the Paediatric Department o f  the 
Unive rsity Hospi tal of Groningen . The hypercalc iuria was not 
ac companied by s i gns or symptoms of p rimary hyperparathyro i d i sm , or 
renal stone formation , and on p l ain X-ray fi lms of the abdomen no 
abnormal calcificat ions coul d be found . 

Two me thods of inve stigation were employed in this study , 
stat is t i c al and experim en t al . The statistical anal yses were c arried 
out on the 24 hour urine calc ium excretion and on the d i etary calc ium 
intake , of the d iabetic  child ren and also of a group of heal thy 
ch i l dren , to ascertain whether the hyperc al c iuria found in the 
di ab etic chi l dren did indeed occur with an abnormal frequency . 
By analysing statistical ly other urinary and dietary sub stances also , 
a possib l e  contribution of the se substances on the occurrence of 
hypercal c iuria in the d i abetic ch i l dren could be sought . 

Possible abnormal i t i e s  in c al c ium absorption from the gut , in 
bone metab o l i sm and in renal function were investigated by emp loying 
a calc ium l o ad test and a p ro staglandin inhibiting tes t ,  and by 
comparing the two groups of d i abetic chi ld ren , normocalc iuric and 
hypercal c iuri c ,  under these test conditions . 

6.1 . REFERENCE VALUES 

The stat i s t i c al analyses on the urinary excretion of the several 
substanc e s , and on the d i e tary intake of the groups of children , were 
performed on groups of chi ldren in whi ch the chi ldren were not matched . 
However , the groups are comparab l e  in age , height and we ight . 

The die tary intake of cal orie s and the proportion of the 
contribut ion of c arbohydrate , fat and protein to the diet of the 
fi fty-six heal thy chi l dren were in ac cordance with those reported for 
7 - 10 year o l d  Dutch chil dren ( van der Haar et al . ,  1973 ; de Wi jn , 1 9 7 6 ) . 

The urinary calc ium excretions of the d i abetic and healthy 
contro l chil dren were determined employing the same method s . To make 
a val id comparison the heal thy chi l dren were l iving in the same region 
as the d i abetic chil dren ( Nordin et al . ,  1967 ; Rose and Harri son , 1 974 ) . 

Tab l e  6 . 1 .  shows that the urinary calc ium excretion in the group 
of fi fty-six heal thy control children compared wel l  wi th that reported 
by Ghazal i and Barratt ( 1974 ) , but not with that reported by Royer 
( 1 9 6 1 ) and by Paunier e t  al . ( 1970 ) . The observed di fferenc e s  in the 
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mean exc retion of c al c ium could be due to differences in method s ,  in 
the selection of chi l dren , ip the dietary intake of calc ium and 
vitamins , and in exposure to sun l i ght ( P arry and Liste r ,  197 5 ) . 

Tab l e  6 . 1 .  : Reported urinary calc i�m and magnesium in heal thy 
ch i l dren . 

Age ( yr )  uca ( mg/kg/24 h r )  UMg ( mg/kg/24 h r )  

n Mean .:!: 1 SD n Mean .:!: 1 SD 

France 

Roye r ,  P . ( 1961 ) 0-18 74 
65 < 4 

1 > 6 

Switzerland 
Paunier et al . 0-14 38 3 . 6  2 . 4 38  2 . 8  1 . 1  
( 1970 ) 

U . K .  

Ghazal i and 
Barratt ( 1 974)  1 - 1 5  5 2  2 . 3 8  0 . 6 6 23 2 . 8 2 0 . 7 9 

The Nethe rl ands 

Van Damme et al . 
( 1 9 7 6 )  3 . 3- 56 2 . 4  1 . 4  55 1 . 7  0 . 8  

16 . 3  

Ghazali and Barratt ( 1974 ) col lected urine in bottles containing 
thiomersalyl , Paunier et al . ( 1970)  did not use a preservative but 
ac idified the urine after compl etion of the c o l l ection , as we d i d . 
Paunier et al . ( 1 970 ) and Ghazal i and B arrat t ( 1 974 ) , used atomic 
ab sorption in the determination of the calc ium and magnes ium content 
of the urine , in our study chemical methods were emp loyed . The 
chil dren in the other studies were hos pi tal ised and Roye r ( 1 961 ) and 
also P aunier et al . ( 1974 ) included many chil dren under one year of 
age . 

The positively skewed dis tribution of the urinary calc ium 
excret ion in our control group is in accordance with e arl i e r  
obse rvations ( Knapp , 1947 ; Hodgkinson and Pyrah , 1958 ; Bulusu et al . ,  
1970 ; Nordin et al . ,  1972 /b ) . 

The urinary calcium to creatinine concentration ratio of 0 . 1 1 1  
.:!: 0 . 063 ( SD )  i n  this study i s  i n  agreement with the resul ts of th e 
study of Ghazal i  and B arratt ( 1 974 ) . The upper value of thi s  ratio of 
0 . 23 i s  somewhat l e s s  than that of 0 . 2 8 reported in normal adults by 
Nordin ( 1 959 ) .  

The urinary magnesium excret ion determined in our study differe d  
from that reported by Gh azal i  and Barratt ( 1974 ) , a s  did the urinary 
magnesium to cre atinine ratio . However ,  the m agnes ium to cre at in ine 
concentration ratio of 0 . 079 i s  nearly the same as the ratio of 0 . 076 
reported in adul ts ( Hodgkinson , 1 9 74 ) . 
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In thi s  study a good correl ation was found between the urin ary 
excret ion of sodium and c al c ium ,  a not too surpri s ing finding as it 
i s  known that the calc ium excretion in the urine depends on the 
sodium intake (Mod l in ,  1966 ; Epstein , 19 68 ; Antoniou et al . ,  1969 ) . 

In the control children the urinary exc retion of c alcium d i d  
n o t  corre l at e  wi th the calc ium intake . A similar finding in stone 
forming sub jects was reported by Peacock et al . ( 196 7 ) , and al so 
when extreme amounts of c al cium ( 2  - 3 g/day ) were given to adults 
( No rdin e t  al . 1 9 7 2 /b ) .  

The influence of the phosphate intake on the c al c iuri a ,  which 
h as b een reported in adul t s  ( Bernstein and Newton , 1966 ; Coburn e t  
al . ,  197 1 ) , was found when the urinary sodium excretion was also 
taken into account . 

In contrast to other stud ie s in humans ( C l arkson et al . ,  1967 ; 
Paunier et al . ,  1 9 70 ) and animal s ( C l ark , 1969 /a)  the calc ium intake 
d i d  not s igni fi c antly influence the urinary magnesium excret ion . As 
in adult humans ( Duarte and Watson , 196 7 )  the urinary magnesium 
excre t ion correlated with the urinary sod ium excre tion , but not with 
the urinary calc ium excret ion ( He aton and Parsons , 196 1 ) . 

6.2. HYPERCALCIURIA IN DIABETIC CHILDREN 

The urinary excretion of creatinine was h igher in the d i abetic 
children than in the healthy control chi ldren . Thi s  cannot be 
attributed to the p re sence of ketones in the urine (Watkins , 1967 ) . 
Not only was ketonuria not detec tab l e  by ketostix tests in the urine 
of the d i abetic chi ldren but also the method employed fo r the 
determination of c re at inine is not interfered if ace tone is added . 
The low p l asma values of cre atinine , also reported by Aviram et al . ,  
( 1 966 ) in d iabetic patient s ,  toge the r with the h i gh l eve l of urinary 
creatinine excretion impl ies that the c re atinine c l e arance values 
were el evated . The c re at inine c l e aranc e s  in the d i abetic chi l d ren 
were determined on non-c athe terised urine specimens and over short 
periods of t ime ( 2  hours ) ,  l e aving room for marginal e rrors . I t  i s  
known that i n  juvenil e  d i abetic p atients there i s  an incre ased 
g lome ru l ar f i l tration rate ( Farb e r  e t  al . ,  195 1 ;  Robertson and 
Gray , 1953 ; Mogensen , 1972 ; Mogensen and Andersen , 1 9 73 ) . 

The l arge urine flow of the d iabetic  patients can be expl ained 
by osmotic diure s i s  due to high glucose l eve l s  in the glome rul ar 
filtrate . 

An increased excretion of phosphate in the p re sence of a normal 
serum phosphate whi ch was found in the d iabetic  chi l dre n ,  was also 
reported in non-ac idotic d i abetic patients without manifestations of 
renal impairment (Astrug , 1966 ) • The saturation of the tub u l ar 
reab sorptive c ap ac i ty for glucose impai rs the phosphate reab so rption 
(Martini , 1964 ) , and can account for this findin g .  

A high fi l tered load of c al c ium due to a h igh GFR , d o e s  not 
expl ain the hypercalciuria . The c re at inine c l e arance rates of the 
glucose-independent hype rc al ciuric d i abetic p at i ents d i d  not d iffer 
from that of the normocal c iuric d i abetic ch i l dren . 

Oral g lucose load s  increase the urinary excretion of c al c ium in 
normal adul t s  ( Lindeman et al . ,  1964 ; Lemann e t  al . ,  1969 and 1970/a;  
Lennon et al . ,  1 9 74 ) . A good correl ation was obtained between the 
c al c iuria and the glucosuria in the d i abetic chil dren with a normal 
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urinary calcium excretion , and also in six of the nineteen children 
with hypercal c i ur i a .  In the thi rteen o ther hypercalciuric chi l dren 
the hyp ercal c iuria remained h i gh ,  i rrespec tive of the glucosur i a .  

In comparison with the group o f  heal thy control chi ldren , the 
group of d i abetic  ch i ldren was found to have an abnorm al l y  h i gh 
inc idence of hype rcal c iuri a .  Three of the th irthy-two d iabetic  
ch i ldren who original ly had normal urinary c al c ium excretions , 
showed a hype rcalc iuria independent of glucosuri a ,  during the four 
year fo l l ow-up . 

The rel ationship between the hyperc alciuri a and the d i abetic 
p rocess i s  not c l e ar .  Ne ithe r poor control o f  the d i abetes nor 
metabolic ac i do s i s  c an expl ain the gluco se-independent type of 
hypercal ciuri a .  The pH and the standard b i c arbonate l eve l s  of venous 
b l ood , blood and urine glucose leve l s ,  serum FFA concentrations and 
urinary excretions of acetone in the glucose-independent 
hyperc al c iuric group were not di fferent from those found in the 
normocalciuric group . The urinary pH of fasting samples was in fac t 
lowe r  in the l atter group . The duration and the qual ity of contro l 
of the d i abetic p rocess were ·not found to be relevant to the 
oc currence of hypercalc iuria .  

Walsh e t  al . ( 19 7 5 ) reported a high incidence o f  hyperparathy
ro idism in d i abetic p ati ent s ,  and Schnei de r  et al . ( 1974 ) reported 
el evated leve l s  of parathormone in al l oxane induced diabetes in rats . 
In the group of glucose-independent hypercalciuric patients the serum 
calcium , ion i s e d  calcium ,  phosphate and the p l asma iPTH were al l 
within normal l imi t s ,  and did not differ from the values found in the 
normocal c iuric patien ts . 
The l imitations of the radio immunoas say for the determination of 
intact human PTH are we l l  known ( S i l verman and Yalow,  1973 ; Arnaud et 
al . ,  1 9 74 ; Reiss and Canterbury , 1974 ; Boui l lon , 197 7 ) . 

In conclus ion , in the d iabetic  ch i l dren with the glucose
independent type of hypercal c iuri a ,  the hyperc alc iuria coul d not be 
associated with manifestations of the d i ab etic process , such as 
glucosuria,  incre ased GFR , high b l ood glucose , low blood pH and 
standard b i c arbonate . Neither could the hypercal c iuria be assoc iated 
with el evated iPTH plasma l eve l s .  

6.3. ROLE OF THE DIET 

The re l at ive contribut ion of protein , but not of carbohydrate , 
to the total caloric intake was higher in the diabetic ch i l dren 
compared to that in the group of fi fty-six heal thy control chil dren . 
20 % of the c aloric intake of the diet was in the form of prote ins , 
as i s  usual ly presc ribed for di abetic  patients ( Kaufmann et al . , 1 97 5 ; 
McArthur et al . ,  1 9 7 6 ) . There was no difference between the p rotein 
intake of the normoc alciuric and hypercalciuric diabetic ch i l d ren . In 
the d i abetic ch i l dren no correl ation could be estab l i shed between the 
rel ative or ab so lute amounts of protein o r  carbohyd rate in the diet , 
and the observed l evel of calciuria.  

Modl in ( 1 966 ) and others ( Kl eeman e t  al . ,  1964 ; Epste i n ,  1968 ) 
described a corre l ation between the urinary excret ion o� c al c ium and 
sodium in 24 hour urine samples of healthy sub j ects . Only W i l l s  et 
al . ( 19 6 9 / a )  were unab l e  to find a cons i stent correl ation between 
the sodium and calc ium excretion . 
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In the control group of heal thy chi ldren a si gnifi cant correl ati on 
between the calcium and sodium excretion was demonstrated .  The 
d i ab e t i c  chi ld ren with a normal calc ium excretion showed a 
correl ation between the calc ium and sodium excretion that was 
occas ional ly significant , but not so when mul t i p l e  regre s s i on 
e quations were c al cul ated .  There was no correl ation be tween the 
urinary output of calc ium and sod ium in the hypercalciuric d i abetic 
p atients . The average urinary sodium excretion of the normocalc iuric 
group was not di fferent from that of the h¥-percalc iuric group , and 
therefore , it is unl ikely that the sodium intake i s  of any importance 
in the p athogenesis of the observed hyperc al c iuri a .  

The total group of hyperc al c iuric d iabetic  chi l dren showed a 
h igher mean calcium intake than the normo c al c iuric d i ab e t i c  chil dren . 
Compared to the normocal c iuric ch i l dren many p repuberal ch i ldren were 
in the hypercal ciuric group . �repuberal chi l dren had a re l ative l y  
higher calcium intake than �uberal chil dren . When the normoc al c iuric 
and hyp ercal c iuri c groups were divided into prepube ral and puberal 
subgroups no d i fference coul d be establ i shed be tween the c a l c ium 
intake of the normocalc iuric and hypercal c iuric patient s . 
Analys ing a possible contribution of calc ium intake to the 
hyperc al c iuria ,  the correl at ion between the calc ium intake and the 
calc ium excretion in the normocalciuric , as wel l  as in the 
hyperc alciuric chi ldren was found not to b e  significant . Moreove r ,  
anal ys i s  of co-variance did not reveal a difference i n  the regre ssion 
coeff i c ient s of the e quations b etween the calc ium intake and output 
in both groups ,  whi l e  a significant difference was demonstrated 
be tween the intercepts , indi cat ing that for the sa�e c al c ium intak e  
the ch i l dren of the hypercalc iuric group s t i l l  exhib ited a h igher 
c a l c ium excretion . 

An anal ys i s  of the contribution of the cal c ium -ion content of 
drinking water was pe rfo rmed ,  al though the calc ium content of tap 
water p l ays only a minor ro l e  in the total amount of calc ium inge sted . 
No relationship be tween the oc currence of hypercalciuria and the 
cal c ium -ion content of the drinking water was found . 

The calc ium intake in the groups of p repuberal and puberal 
d i abetic ch i l d ren was higher than in the group of fifty-six h eal thy 
control ch i l d ren , but the same as in the group of twenty-one healthy 
control ch i l d ren . The inc idence of hype rcal c iuria in the d i abetic 
chi l dren was s i gnificantly h i gher than that in the control group of 
fifty-e ight h e al thy chi ldren , who had a significantly lower calc ium 
intake , and also h igher than that in the control group of twenty-one 
healthy chi l dren , who h ad the same calcium intake . 

No statistical evidence was found to inc riminate the calc ium 
intake in the pathogenes i s  of the hyperc alciuria in the d i ab e t i c  
patients . T h i s  corresponds with t h e  findings of Knapp ( 1 947 � th�t the 
rel at ionship be tween the c al c ium intake and the urinary c al c �um �s 
never c l ose , and that only 2 - 7 % of the increment of calc ium intake 
is excreted in the urine ( Ni chol aysen et al . ,  1953 ; Hclntosh e t  al . ,  
1962 ; C arruthers e t  al . ,  1964 ; Nordin et al . ,  1967 ; Peacock e t  al . ,  
1967 ) . 

The hyperc alc iuria in these d i abetic c h i l dren was in al l 
p robab i l ity due to the fact that these children h ad d iab etes mel l i tus , 
but the p atho-physiol ogi cal b as i s  for thi s  rel ationsh i p  was not 
demonstrated . 
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6.4. BONE STRUCTURE AND METABOLISM 

The next que s t ion that arose was : could the hyperc alciuria in 
the d i abetic children be due to an abnormal ity in bone metabol ism ? 

Bone structure and metabol i sm were shown to be aberrant in 
d i abetic patients ( De Leeuw , 1 9 7 6 ;  Levin et al . ,  1976 ) and d e c re ased 
bone mineral dens ity was noted in patients with uro l i th i as i s  (Alhava 
e t  al . ,  1 9 76 ) . 

E levated leve l s  of growth hormone in d i abetic p atients ( Luft and 
Gui l l em in , 1974 ) can influence the growth and mineral i s ation of bone . 
The hype rcal c iuric children resemb l e  acromegal i c  p at i ents ,  inasmuch 
as they have an increased c al c ium excre t ion in the urine ( Bauer and 
Aub , 1941 ; Harrison et al . ,  1960 ; De Genne s et al . ,  1961 ) . 
In the d i abe t i c  chil dren the determination of growth hormone in the 
serum showed very high fasting l eve l s  in some ch i l dren in both the 
normocal c iuric and hyperc alc iuric group s ,  and no significant 
d i fference between the two groups was foun d .  
N o  difference in height between the d i abetic and heal thy chil dren , nor 
be tween the normocal c iuric and hyperc al c iuric d i abetic children was 
found . Al though the groups of d iabetic chi l dren were smal l ,  and the 
fol l ow-up period was short , it was concluded that growth in he igbt 
was with in normal l imits and that excess growth hormone did not 
exp l ain the hyp e rcal c iuri a .  

The cortical thickne s s , and the PCA of the left second metac arpal 
bone of the d iabetic chil dren , when compared with those reported for 
h eal thy children , ( Bonnard , 19 6 8 ;  Garn et al . ,  1 9 7 1 )  were reduced . 
However ,  the hype rcal c iuric d i ab e t i c  chil dren did not differ from th e 
normocalciuric d i abetic children . 

Not only in bone , but changes in the metabo l i sm of al l 
c o l l agenous ti ssues are reflected in the amount of urinary 
hydroxyp rol ine excreted ( Wi l l iams , 1974 ) . 
Compared with the control values of heal thy individuals ( Wi l l i ams ,  
1 9 74 ) , some of the p repuberal d i abetic patients excreted low l evel s 
of hydroxypro l in e  and some of the older ch i l dren h igh leve l s . The 
d iabe t i c  chil dren over fourteen years of age comprise the group of 
14 - 1 6 . 5  years o l d  patients and , therefore , are not comparab l e  to an 
age group " over fourteen years" , as it  i s  known that in many d i abetic 
chi l dren puberty i s  delayed ( Rayner and J ivani , 1973 ) .  
No d i fference in hydroxypro l in e  excretion between the normoc al c iuric 
and hyperc alc iuric chi l d ren was found . 

To recapitulate , the d i abetic ch i l d ren showed a normal height but 
an abe rrant bone struc ture . The hyperc alc iuric and normocalc iuric 
d i abetic chi l dren did not d iffer in th i s  aberrant bone structure nor 
in the amount of urinary hydroxyp rol ine excreted . 
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6.5. THE ORAL CALCIUM LOAD 

To inve stigate whe ther the observed hypercal c iuria in the 
d i abetic  children was of intestinal ( P arfitt et al . ,  1964 ; Dent and 
Watson , 1965 ; Pak e t  al . ,  1972 ; Nordin et al . ,  1972 /b )  or renal 
( Edwards and Hodgkinson , 1 9 6 5 / a  and 1965/b ; Coe et al . ,  1973 ) origin 
an oral calcium load test as de scribed by Pak e t  al . ( 19 7 5 )  but 
modified for the d i abetic children , was p erformed .  

In contrast to Pak e_t al . ( 1 9 7 5 )  the chil dren were not kept on 
a low calc ium diet preceding the test and a standard b re akfast was 
not given with the calc ium on the day of the tes t .  Feeding the 
d i abetic children without giving insul in woul d h ave re£ulted in 
glucosuria,  and this would have interfered with the calc ium 
reabsorption ( Lindeman et al . ,  1964 ; Lemann et al . ,  1969 and 1 9 70 / a ,  
Lennon et al . ,  1974 ) . Fasting can decre ase calc iuria (Mas sry e t  al . ,  
1973 ) but not sub stan t i al l y  al ter it in the studied d i abetic chil dren , 
as the calc iuria in the se p atients i s  already at i t s  lowest point in 
the morning . 
Pak showed no difference in the re l i abi l i ty of the test if the 
durat ion of the fast ing period was reduced from four to two hours . In 
cont rast to Pak e t  al . ( 1 9 7 5 )  the length of time after the c alcium 
load in th i s  s tudy was reduced from four to two hours . 
The accuracy of the colle ction of urine was ensured by giving the 
chil dren l arge amounts of d i s t i l l e d  water to drink , and thereby 
incre asing the urine flow . 

The pH of al l urine samples was 5 or more ( di p  s t ix method ) 
be fore and after the calc ium load . The output of glucose and sodium 
in the urine did not change throughout the durat ion of the tes t .  No 
corre l at ion could be found between the urinary excret ion of sodium 
and c al c ium ,  in e i ther the hypercal c iuric or the normoc al c iuric group 
of patients , b e fore or after the calcium load . 
Fast ing i s  known to induce varying degrees of volume depletion and c an 
change the tubular reab sorption of calcium (Massry et al . ,  1973 ) . 
However,  no evidence could be found that the hyp ercal c iuri c p at ients 
conserved sod ium less adequately than the normocalciuric ones . 

The same d i abetic  ch i l dren with an abnormal l y  h i gh 24 hour urinary 
calc ium excretion , showed abnormal h i gh fasting calcium to c re atinine 
concentration ratios , when compared to d i abetic children with a normal 
24 hour urinary cal c ium excretion . 
The h i gh fasting urinary calcium to c re at inine concentration ratio i s  
unl ikely t o  b e  seen in absorptive hyperc alc iuri a but i s  ob served in 
primary hyperparathyro id ism or in renal hyperc alciuri a ( P ak et al . ,  
1975 ) . 

In h ealthy control children as wel l  as in d i ab e t i c  chil dren the 
2 hour urinary excretion of cAl�P decre ases with age ( r = -0 . 732 ; 
p <:  0 . 01 ;  n = 1 7  for the heal thy control ch ildren and r = -0 . 41 8  ; 
P <  0 . 05 ;  n = 30 for the d i abetic chil dren ) . A decre ase in the 24 
hour urinary cAMP excret ion with age was al so reported by Vitek and 
Lang ( 19 7 6 )  in healthy sub j e ct s .  
The e l evated urinary excretion o f  cAMP decre ases to normal leve l s  in 
d i abe t i c  adu lt sub j ec ts , when they receive insul in ( Tucci e t  al . , 1973 ) . 
Murad and Pak ( 1 972 ) reported that normal volunteers excrete higher 
leve l s  of cAMP than hosp italised patients . The healthy control 
ch ildren in our study had also a higher output of cAMP than the 
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hospi tal ised d i abetic patient s .  
There i s  no statistically significant difference between the 

urinary output of cAMP during the two hour fas t ,  before the c al c ium 
l oad , or before the indomethacin admini stration , in the normocalc iuric 
and hypercal ciuric d i abetic chil dren . 
After the calcium load no significant difference in the urinary cANP 
l eve l s  between the two groups was found , nor in the decrement of the 
urinary cAMP be tween the two groups . When tested with the "t" test 
for paired sampl e s  ( Snedecor and Cochran , 1967 ) , the oral calc ium 
load test was found to reduce significantly the urinary cAMP excretion 
of the hypercalc iuric children but not that of the normocalc iuric 
chil dren . 
After an oral calc ium load , a de cre ase of the high fasting urinary 
cM4P excret ion ac companied hy an increase of the high fasting urinary 
cal c ium to c re atinine concentration rat io is  ind i c ative of renal 
hyp ercal c iuri a ,  and an incre a�e of the low fast ing urinary calc ium to 
c re atinine concentration ratio accompanied by a decrease of the low 
fasting urinary cAMP excretion is indicative of absorptive 
hyperc alc iuria ( Pak et a1 . ,  1 9 7 5 ) . 
Although the fasting values of th e urinary cAMP excretion in our 
patients are low,  intestinal hyperabsorption of calc ium in d i abetic 
p atients seems unl ikely since a b l ocked vi tamin D me tabol i sm was 
demonstrated in d i abetes me l l i tus ( Schneider,  1 9 7 5 )  resul ting in a 
decre ased intest inal ab sorption of calc ium ( Schneider and Schedl , 1 972 ) .  

The values of TmP /GFR during the fasting period are as those 
reported by Corv i l l ain and Abramov ( 19 7 2 )  in normal chil dren . 
Most interesting is the finding that in the hypercal c iuric group the 
TmP /GFR sign i fi cantly rose after the calcium l oad and t�at in the 
normoc al c iuri c group the TmP /GFR did not change significan t l y ,  despite 
� iden t i c al rise in the serum calc ium and the same absolute serum 
calcium l eve l . The incre ase in TmP/GFR afte r  the oral calc ium load 
in the hyp ercalciuric d i abetic group suggests a suppression of the 
p arathyroi d  func tion , but in our patient s the iPTH leve l s  did not 
change after the calc ium load . The altered renal response to the 
calc ium l oad is due to other factors , other than changes in iPTH l eve l s . 

Giving calc ium d i d  not change the p l asma hGH and hCT leve ls in the 
normocalc iuric or hyp ercal c iuric d i abetic chil dren . 

In conclusion , the gluco se-independent hype rcal c iuric d i abetic 
chil dren show definite d i fferences compared to the normocalc iuric 
d i abetic chi l dren : a h i gh fasting urinary calc ium to c reatinine 
concentration rat io and after a calcium load , a fal l in the urinary 
cAMP excretion and an incre ase in TmP /GFR . 

As a cause for the hypercalciuri a in the d i abetic chil dren a renal 
defect seems l ikely,  as our findings share many simi l arities with th e 
results of Pak et al . ( 197 5 ) . He reported the charac teristic features 
of renal hyperc al c iuria as fol l ows : "normocal c aemi a ,  high fasting 
urinary c a l c ium to c re atinine concentrat ion rat i o ,  high fasting cAHP , 
and a normal cAMP after the c al c ium load with an increase of the 
c al cium to c reatinine concentrat ion rat io . "  

In this study on d i abetic chi l dren the hypercal c iuria was not 
assoc iated with e l evated l eve ls of iPTH , which occur frequent ly in 
i diopathic hyp e rcal c iuria ( Co e  e t  al . ,  1973 ) . 

The p l asma hGH and hCT after the calcium load d i d  not change in 
th i s  study . There i s  the possib i l ity that one or more unknown fac tors 
contribute to the hypercalc iuria in the d i abetic chi l dren . 
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6.6. EFFECT OF INHIBITION OF PROSTAGLANDIN SYNTHESIS 
ON THE HYPERCALCIURIA 

The resul t s  of the oral calcium load showed that the 
hypercal c iuria in the d i abetic chil dren h ad many similari t i e s  to 
renal hypercal ciuri a .  In the absence o f  notic eabl e changes in pl asma 
iPTH , hGH and hCT the rol e  of the prostaglandins was investi gated by 
inhibi t ing the p ro stagl andin synthesis with indomethac in . 

Indomethac in was chosen as i ts pharmacological ac tivities are 
we l l  known , and i t s  effectiveness in suppre s sing prostaglandin 
synth e s i s  has been estab l i sh e d  (Vane , 1 9 71 ) . Administration of oral 
indomethac in induc es a peak concentration in the serum after one 
hour (Haarman et al . ,  1976 ) , whi ch makes it suitab l e  for observations 
over short period s . Two hours after administering 0 . 5  mg/kg 
indomethac i n  oral l y ,  the serum concentrat ions ,  at the end of the 
tes t ,  were about 1 pg/ml , sufficient fo r complete inhibi tion of the 
p rostaglandin synth e s i s  in man ( H aarman et al . ,  197 6 ) . 

After administration of indomethac in to the normocal c iuric and 
hyp ercalciuric d i abetic children , the urinary excretion of ace tone 
and the serum l evels of FFA were h igher than before indometh ac in was 
given . Th i s  could b e  expected in d i abetic chil dren who had rece ived 
the l ast insul in i n j e ction the day b e fore the te st . 
The urinary ac etone excretion and se rum FFA leve l s  did not d i ffer 
between the hypercalc iuric and normocalc iuric groups ,  and poor control 
of the d i ab e t i c  process could not expl ain the observed differences i n  
the urinary calc ium excre t ion . 
Also the urinary pH did not change after indomethac i n  admini stration . 

The ab sence of a change in the urinary cAMP excretion after 
indomethacin administrat ion as reported by Gross and Bartte r  ( 1973 ) , 
was al so observed in this study with d iabetic children . 

After indometh aci n  administration , the decrement in the urinary 
calc ium to c re atinine concentration rat io differed s ignificantly 
be tween the glucose-independent hyperc al c iuric and the normocalc iuric 
d i abetic group . Neither the c re atinine c l e arance nor the level of 
ionised calc ium changed in either group of d iab etic chil dren after 
indomethac i n  administration , and there is therefore , no evidence for 
a decre ased fil tered calc ium load during the test . 
In the four chil dren who d i d  not rece ive indomethacin , the urinary 
cal c ium to c re at inine concentrat ion ratio did not change b e tween 6 a . m .  
and 1 0  a . m . 
A decre ased calc ium to creatinine concentrati on ratio was reported 
after indomethacin was given to patients with Bartter ' s  syndrome 
( Danker et al . ,  1 9 7 6 /b ) . The urinary cal c ium to creatinine concent ra
tion rat io decre ased s ignifi cantly more in the hyperc alciuric than in 
the normocalc iuri c chil dren , which indicated an important ro le of the 
prostaglandins in the renal handl ing of calcium in the hypercalc iuric 
chil dren . 
The reported natriuretic  effect of the prostaglandins ( J ohnston e t  
al . ,  1968 ; Martinez-Maldonado et al . , 1972 ; Strandhoy e t  al . , 1 9 7 4 )  i s  
probably caused b y  inhibi tion of sod ium reabso rption at the level of 
the proximal tubular c e l l s  ( Carr , 1 9 70 ; Fi chman et al . ,  1 9 7 2 ) . The 
calc ium reabsorption i s  l inked to the reabsorption of sodium , and it 
could be supposed that the observed decre ase in the calcium to 
c re at inine concentration ratio in the d i abetic  p at i en ts i s  due to a 
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decre as e d  sod ium excretion ,  occurring as a re sul t  of the inhib i t ion 
of the p rostag l andin effect .  Thi s  supposi tion for the observed 
decre ase in the calc ium to c re at inine concentration rat io is not 
val i d ,  since the re was no decrease in the sod ium excre t ion after 
indomethac in administration in e i ther group , and between th e two 
groups no differences were noted in the sod ium excret ion . 
The sodium excret ion did not change prob ab l y  because the chil dren 
were not sodium re s t ricted , nor was their b l ood volume depleted by 
admin i stration of d iure t i c s . Thi s  would have s t imul ated the ren in
angiotensin system and by changing the filtr�tion frac t ion con tribute 
to the prostag l andin effec t on natriuresis become di scernab l e  
( Astoin e t  al . ,  1974 ; Itskovitz and McGiff , 1974 ; Ari sz et al . 1976 ) . 
Also the d i ab e t i c  chil dren rece ived supplements of water which 
wou l d  supp ress the renal ren in-angiotensin sys tem , and therefore , 
reduce the prostagl andin effect on the proximal tubul e s .  

Another unexpected finding was noted . After adminis tration of 
indomethacin the correl ation between the urin ary calc ium and sodium ,  
which was nonex i s t ent in the hypercal ciuric chil dren before 
indomethac i n  admin i s tration , . approached that found in the 
normo cal c iuric d i ab e t i c  children before indometh acin administration . 
The effects  of p rostaglandins may not be re s t ricted to the proximal 
tubul e s  since effects on the col lecting ducts were also described 
( Strandhoy e t  al . ,  1974 ) and suppre ss ion of the d i s t al tubular 
reab sorp t ion of sodium in animal s was re ported by G i l l e t  al . ( 1975 ) . 
In most of the s e  stud i e s  on the effect of the p rostag l andins on the 
sodium excre t ion , pharmacol ogical doses of prostag l andins were 
admin i stered through the renal artery wh ich is not the physiologi cal ly 
normal way through wh ich the pro s t agland ins reach the renal cortex . 
Prostaglandins are synthetised by the interst i t ial cel l s  in the renal 
medu l l a  ( Larsson and Anggard , 1973 ) , from where they are transported 
to the cortex via the ascending l imb of th e l oop of Henl e ,  and 
therefo re , the proximal tubule may p l ay only a secondary ro l e  in the 
physiol ogic al effects  of the prostagl andins . 
The observed hyperc al c iuria in the diab e t i c  patients may be due to 
p rostag l andin effects  dis tal to the proximal tubul e .  In the 
hyperc alc iuric chi l d ren after indomethac in admin i s tration the norm al 
relationship be tween urinary cal cium and sod ium was restored . 
We hypothe s i se that the extra amount of calc ium excreted in the urine 
by the hyperca l c iuric diab e t i c  chil dren i s  due to inhibition of 
reab sorp t ion of cal c ium in the d i s t al segments of the nephron , and 
that this inhib ition is medi ated by pros tagl andins . In other words 
the hypercal c iuric d i abetic chi l d ren have at that loc ation an excess 
of prostaglandin s ,  or are more sens i t ive to normal l evel s of 
prostagl andins . 

Another surpris ing finding was the urinary pH (measured with a 
pH meter ) , wh ich was signifi c antly higher in the glucose-independent 
hyp e rcalc iuric children than in the normocal c iuric d i abetic children , 
before and also after indome thacin admini strat ion . 
The normal b l ood pH and serum bic arbonate leve l s ,  the s l igh t l y  but not 
signifi c ant l y low serum potas sium and the hi gher urinary potass ium 
excretion in the hyperc alciuri c group compared to the normocal c iuric 
group , sugge st s imi l arities with the syndrome of " incompl e t e  renal 
tubular ac i do s i s "  (Wrong and Davie s ,  1959 ; Morris et al . ,  1972 ) . A 
defe c t  in the ab i l ity to ac idify the urine after administration of 
ammoniumchloride i s  de scribed in this syndrome , with o the r features 
such as potas sium depl etion,  i diopathic hyp e rcal ciuria, 
nephrocal c inosi s ,  nephrol ithiasis and osteomalac i a  i rregul arly p re sent 
( Buchal ew e t  al . ,  19 68 ; Mal ek and Kel al i s ,  197 5 ;  D ' Angelo e t  al . , 1 976 ) . 
An ac i d  l oad t e s t  was not pe rformed in the d i ab e t i c  chil dren and the 
final proof for the presence of renal tubular ac ido s i s  i s  lacking . The 
conf l i c t ing evidence as to the origin of hypercalc iuria in the diab e t i c  
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c h i ldren was al so found in patients with incompl e t e  tubular ac i do s i s  
when these patients were tested wi th the oral calc ium load test 
desc rib ed by Pak et al . ( 1 9 7 5 ) ( Buchalew et al . ,  1976 ) . Some re sults 
from these patients were comp atib l e  with hyperabsorption of calc ium 
from the gu t ,  and other resul ts with renal defec ts . 
The mechan i sm of incomp lete dis tal tubular ac idosis is probably 
re l ated to an abnormal ity in the generati on , o r  maintenance ,  of the 
d i stal tubular poten t i al d i fference ( Buchalew et al . ,  1 9 68 ) . Th i s  
would fit perfectly with our hypothes i s  developed o n  the bas i s  o f  the 
investi gations with indomethac in , that the hype rcal c iuria in the 
d i abe t ic chil dren is due to a defect in the d i stal tubul e s ,  c aused by 
abnormal ly e l evated l eve l s  of prostag l andins , or an increased 
sens itivity to normal leve l s  of prostag l and ins . 

In conclus ion , hypercalc iuria occurred approximatively in one in 
four c h i l d ren with d i abetes me l l i tus . Th i s  hypercalc iuria did not 
depend on the pre senc e of glucose in the urine and could not be 
ascribed to known causes for hypercalc iuria.  Ne i ther the durat ion nor 
the quality of control of the d i abetic proc e s s  could be rel ated to 
the occurrence of the hypercal ciur i a .  

From the invest igations on the d i ab e t i c  chil dren , the load ing 
with c a l c ium , and the suppre s s ion of the prostagl andin synth e s i s  we 
hypothe s i se that the hype rc alciuria i s  due to a defect in the d i stal 
tubule of the kidney , caused by abnormal l y  e l evated l eve l s  of 
p rostagl andins , or an increased sens itivity to normal leve l s  of 
prostaglandins . 
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SUMMARY 

Forty-seven d i ab e t i c  children were examined systematically fo r 
the presence of hyperc al c iuri a ,  and th is was dete cted in fifteen of 
the ch ildren . 

Th is finding was the oriP,in of an inve s t i gation into the c al c ium 
excretion of heal thy chi ldren . In th i s  group of children the c al c ium 
excret ion in the urine correl ated wi th the urinary sodium excre t i on , 
and wi th the phosph ate intake in the die t but not wi th the c al c ium 
intake in the diet . 

Compared with the control P,roup , in wh ich four chil dren showed 
hypercal c i uri a ,  the group of d i ab e t i c  chil dren had an abnormal ly h igh 
incidence of hypercalc iuria ( x2 = 9 . 90 ;  p � 0 . 0 1 ) .  The s ame conclusion 
was reached when the d i ab e t i c  chi ldren were compared with a group of 
twen ty-one heal thy chil dren who rece ived a die t with a c al c i um content 
simi l ar to that of the d i ab e t i c  chil dren . 

Durinp the foll ow-up period of four years four new d i ab e t i c  
patients developed hyperc alc iuri a .  In t h e  total group of nine teen 
hyperc al c i uric childre n ,  the urinary calc ium excretion was dependent 
on the excretion of P,lucose in six o f  the children , but was independent 
of the glucose excret ion in thirteen of the childre n .  

Metabo l i c acidosis could n o t  be shown to be t h e  c ause of the 
hyp ercal c iuri a .  No correlation' was found be tween the hypercal c iuria 
and the calc ium intake in the d i e t . 

The P,rowth in height of the d i abe t i c  children with hypercal c i ur i a  
was n o t  d i fferent from th at i n  the children w i t h  a normal calc ium 
excret ion in the urine . Al l d i ab e t i c  chil dren had a de creased cortical 
thi ckne ss of the second metac arpal bone when compared with normal 
values from the l i te rature , there was howeve r ,  no di fference b e tween 
the hype rcal c iuric and the normocalciur i c  p.roup . 

An oral calc ium load test provided evi dence fo r a renal rather 
than an intest inal origin of the hypercal c iuri a .  Oral administration 
of indomethacin reduced s ignificantly the cal c i um excret ion , wi thout 
alte rinp the sod ium excret ion . 

We hypothe s i se that the hype rc alciuria found in the d i abe tic 
chil dren is  due to a renal tubular defe c t , caused by abnormal l y  
el evated levels o f  prostap l andins o r  an inc re ased sen s i t i vi ty to 
normal l evels of prostaP, l and ins . 
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SAMENVATTING 

T i jdens sys temat isch onde rzoek van zevenenveertig d i abet ische 
kinderen werd b i j  vi j ft i en kinderen een hypercalciurie ontdek t .  

Naar aan l e i d inp, h i e rvan werd een onderzoek ingesteld naar de 
calc iumui tscheiding in de urine bij gezonde kinderen . In die groep 
bleek de calciumuitscheid ing in de urine te co rre leren met de zout
excre ti e  en het pho sphaatgehal te in de voedinp, , maar niet met de 
hoeveelheid calc ium in de voeding . 

Verp e l eken met de contro!egroep , waar vier van de achtenvi j ftig 
k inderen e en hype rcal c i urie hadden , b l eek dat hype rcal c i urie bij  
d i ab e t i sche kinderen abnormaal frequent voorkomt .  ( X2 = 9 . 90 ;  
p < 0 . 0 1 ) .  Deze l fde conc lus ie was geldig wanneer de d i abet ische kin
de ren verReleken we rd en met een tweede controlegroep van eenentwintig 
gezonde k ind e ren , bij  wie het calciumgehalte in de voed ing hetze l fde 
was als bij de d i abeti sche kinderen . 

Gedurende de fol l ow-up periode van vier jaar on twikkelde zich 
b i j  vier d i abeti sche kinderen een hypercal c iurie . In de total e gro ep 
van negen tien hypercalciurische k inderen was bij  zes de c al c iumu it
sche id ing afhanke l i jk van de glucosurie maar bij dertien n i e t . 

Metabole acidose was niet  de oo rzaak van de hypercal c iurie . Er 
we rd geen verb and gevonden tussen de hype rcal c iurie en het calciumge
hal te in d e  voed ing . 

De l engtegroe i van de d i abeti sche patien ten me t hype rc alc iurie 
was niet versch i l lend van die van de normocalc iurische d i ab e t i sche 
kinderen . In de totale groep d i abeti sche kinderen was de cort i c al i s 
dikte van het l inker tweede metac arpaal bot in verge l i j king met l ite
ratuur gegevens verminde rd , maar ook hier was er geen ve rsch i l  tussen 
hypercalciurische en normocalc iurische d i abeti sche kinde ren . 

Een orale c al c iumbel astingstest maakte waarsch i jnl i j k dat de 
hypercalc iurie een renale en geen intestinale oorzaak had . Na orale 
indometac ine toediening tract een s igni ficante dal ing op van de c al c ium/ 
c re at inine ratio , bepaald in nuch tere urine . Deze dal ing ging niet ge
p aard met een verminde ring in de natriu� excre ti e .  

We vermoeden dat e en renaal tubul ai r defect d e  oo rzaak i s  van de 
hypercalciurie bij  deze d i ab e t i s che kinderen . 
Het is moge l i jk dat een stoornis in de synthese en/of he t metab o l i sme 
van prost agland ines d aarvoor mede verantwoo rde l i j k  i s .  
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