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Summary Introduction 

1. Eight normotensive subjects were studied in a 
randomized crossover trial of a high calcium diet 
(1 800 mg of calcium/day) for a week against a low 
calcium diet (200 mg of calcium/day) for a further 
week. 

2. The subjects were placed on a diet containing 
200 mg of calcium/day throughout the study and 
the high calcium diet was achieved by supplement- 
ing the low calcium diet with calcium glubionate and 
galactogluconate. Sodium and potassium intake 
were kept constant throughout the study. 

3. Twenty-four hour urinary sodium, potassium, 
calcium and phosphate were measured daily. 

4. In spite of a highly sigdicant increase in cal- 
cium excretion from the low to the high calcium diet 
(P< O.OOOl), there was no increase in sodium or 
change in potassium excretion with the increased 
calcium intake. A transient but significant fall in uri- 
nary sodium excretion was observed up to the 
fourth day of the high calcium diet (P=0.021). 
Tkenty-four hour urinary phosphate excretion fell 
sigmficantly on the high calcium diet (P< 0.0001). 
Body weight, blood pressure, plasma renin activity, 
aldosterone, plasma creatinine and serum ionized 
calcium did not change. 

5. These results suggest that a short-term 
increase in calcium intake in normotensive subjects 
does not increase urinary sodium and potassium 
excretion. 
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It has been known for many years that there is a 
close relationship between urinary sodium and uri- 
nary calcium excretion [l-61 and that an increase in 
sodium intake leads to increase in calcium excre- 
tion in man [7-91, but none of these studies has 
investigated the effect of changing calcium intake on 
sodium excretion in man. An early study in rats [lo] 
has suggested that oral calcium loading may induce 
an osmotic diuresis and a recent review has empha- 
sized that an initial natriuresis can be observed 
during the first week of dietary calcium 
supplementation in rats [l 13. In view also of recent 
claims that an increase in calcium intake could 
lower high blood pressure [12], we decided to look 
at the possible effect of a high calcium compared 
with a low calcium intake on the urinary sodium and 
potassium excretion in healthy normotensive sub- 
jects. 

Experimental 

Subjects and methods 

Eight normotensive healthy volunteers, whose 
supine diastolic pressure was <80 mmHg on at 
least two different occasions, were included in the 
study. None of them was receiving medication or 
was taking the oral contraceptive pill before or dur- 
ing the period of the study. There were six males 
and two females, all white. Mean age was 27 years 
(range 20-43 years). The experimental protocol 
was fully explained to the subjects and their 
informed consent was obtained. After 1 week run- 
in observation period, subjects were entered into 
a randomized crossover study of a high calcium 
diet (approximately 1800 mg or 45 mmol of ele- 
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mental calcium/day) for 1 week against a low cal- 
cium diet (approximately 200 mg or 5 mmol of 
elemental calcium/day) for a further week. The high 
calcium diet was achieved by supplementing the 
low calcium diet with calcium glubionate and galac- 
togluconate elixir (Calcium Sandoz 75 ml/day; 325 
mg or 8.1 mmol of elemental calciumll5 mi); all 
food and drink was provided by the metabolic 
kitchen, and dietary calcium intake was kept con- 
stant at 200 mg/day, sodium at 150 mmol/day and 
potassium at 80 mmol/day. Throughout the study 
all subjects were studied as outpatients and allowed 
to go about their normal activities, although vig- 
orous exercise was not allowed. Five subjects were 
given the low calcium diet first and the other three 
received the high calcium diet first. Subjects were 
weighed daily, in the morning, wearing indoor 
clothing and without shoes. Twenty-four hour urine 
collections were obtained daily throughout the 
study for volume, sodium, potassium, calcium and 
phosphate measurements; sodium, potassium and 
calcium were measured by atomic absorption spec- 
trophotometry. At the end of each dietary period, 
blood pressure was measured with standardized 
procedure [ 131 and blood was taken for measure- 
ment of urea, creatinine, plasma sodium, potassium, 
phosphate, albumin, protein, total and serum ion- 
ized calcium, pH, plasma renin activity and aldos- 
terone. Blood samples were taken without stasis 
after the subject had been sitting upright for 10 min 
between 10.00 hours and 12.00 hours. Plasma 
renin activity and aldosterone were measured by 
radioimmunoassay [14, 151. For serum ionized cal- 
cium 10 ml of blood was taken anaerobically in 
plain glass tubes. Serum ionized calcium was mea- 
sured with a Kone microlyte ion selective electrode 
analyser; pH of the same sample was measured with 
a Corning pH meter. 

Statistical analysis 
All results are reported as m e a n s f s ~ ~  (95% 

confidence limits). Statistical analysis was per- 
formed using the University of London computer 
and the North Western Universities’ SPSS. For the 
urinary measurements, the results within each 
dietary period and between diets were tested for 
significance by using analysis of variance [ 161. If this 
was significant ( P <  0.05) comparisons between 
days were made by two-tailed Student’s t-test for 
paired observations. The study had a power of 90% 
to detect a change in urinary sodium excretion 
between periods of 24 mmo1/24 h at the 5% level of 
significance [ 171. 

Results (Fig. 1) 
Average mean daily urinary calcium excretion 
increased from 3.48 f 0.21 (3.0-3.9) mmo1/24 h on 

High calcium diet Low calcium diet 
(1800 mglday) (200 mglday) 

c 
d 

FIG. 1. Average daily urinary sodium, potassium, 
calcium and phosphate excretion ( ~ S E M )  in eight 
normotensive subjects on a high calcium diet for 1 
week and on a low calcium diet for a further week. 
Significance between dietary periods by analysis of 
variance. *P < 0.05; **P< 0.001 vs first day. 

the low calcium diet to 5.96 * 0.30 (5.4-6.5) m o l /  
24 h during the high calcium diet (F=46.4; 
P < O . O O O l ) .  Average mean daily urinary sodium 
excretion was 136.9 f 5.0 (126.8-147.0) mmol/ 
24 h on the low calcium diet and 135.5 f5 .1  
(125.2-145.8) mmo1/24 h during calcium supple- 
mentation; no detectable change was observed in 
sodium excretion between the two dietary periods. 
During the high calcium diet, however, a sighcant 
decrease in urinary sodium excretion was observed 
(F=2.77; PsO.021); by the third (P<0.05) and 
fourth ( P <  0,001) day of the high calcium diet the 
values were significantly lower when compared with 
the first day, but these changes were not sigmficant 
compared with the equivalent day on the low cal- 
cium diet. No change in sodium excretion was 
observed during the low calcium diet. Like sodium 
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excretion, average mean daily urinary potassium 
excretion did not change between the two periods 
(high calcium diet 63.7f2.0 vs low calcium diet 
64.5 f 2.1 mmo1/24 h). Average mean daily urinary 
phosphate excretion was 32.9 f 1.2 (30.6-35.3) 
mmo1/24 h on the low calcium diet and fell signifi- 
cantly to 25.4+ 1.0 (23.4-27.4) mmo1/24 h on the 
high calcium diet ( F =  23.7; P <  0.0001). No change 
was observed in average mean daily urinary volume 
and body weight throughout the study; blood pres- 
sure did not change sipficantly between periods 
(high calcium diet 113/69 f 5/3 vs low calcium diet 
114/68 k 3/3 mmHg). Other variables measured 
showed no sipficant change between the low and 
high calcium diets. All subjects who entered the 
trial completed it without any adverse effects. 

Discussion 

The association between urinary sodium and cal- 
cium excretion has been extensively investigated 
[l-61 and the effects of extreme variations in 
sodium intake on calcium excretion have also been 
studied [7-91. Urinary calcium excretion increases 
with increasing sodium excretion; this dependence 
of calcium excretion on sodium excretion and, 
therefore, on sodium intake has been related to a 
certain degree of competition for common trans- 
port pathways for reabsorption in the proximal 
tubule and in the loop of Henle [3,8], though in the 
distal tubule different reabsorptive mechanisms 
probably exist for each ion [3,18]. The concept that 
there may be different mechanisms for the reab- 
sorption of calcium and sodium in the distal tubule 
is supported by the observation that chronic min- 
eralocorticoid administration induces an increase in 
urinary calcium excretion without increase in 
urinary sodium excretion [ 19,201, whereas thiazide 
diuretics cause natriuresis without increase in ' 
urinary excretion of calcium [2 1, 221. Alternatively, 
therefore, it has been suggested that increases in 
calcium excretion with increases in sodium excre- 
tion could be related to changes in extracellular 
volume and not to the urinary sodium excretion 
itself [ 19,201. 

However, our results clearly demonstrate that, at 
least in the short term, large increases in calcium 
intake cause no increase in sodium excretion. 
Indeed there was, if anythmg, a transient reduction 
in sodium excretion maximum on the fourth day of 
supplementation without affecting the overall 
sodium excretion over the whole week. If a com- 
mon transport pathway is the major factor respon- 
sible for the relationship between sodium and 
calcium excretion, the lack of any detectable 
increase in sodium excretion on the high calcium 
diet may be due to the different molar ratio of these 

two ions at the tubular site which may have possibly 
caused very small and undetectable changes in 
sodium excretion in relation to calcium excretion. 
Alternatively, a reduced reabsorption of sodium at 
the proximal site (where mechanisms are shared 
with calcium) could be compensated by greater 
sodium reabsorption at more distal sites (where 
mechanisms are independent) resulting in no over- 
all change in urinary sodium excretion despite an 
increase in urinary calcium. 

We also found no effect of increasing calcium 
intake on potassium excretion. One recent report 
has suggested that changes in potassium excretion 
caused by increases in sodium intake could possibly 
be modified by differences in calcium intake [9], but 
there was no evidence that changes in calcium 
intake per se would directly affect potassium excre- 
tion. 

With the increase in calcium intake, we found a 
significant decrease in urinary phosphate excretion, 
whereas it rose on the low calcium diet. This 
pattern in phosphate excretion has been found pre- 
viously and shown to be, at least in part, dependent 
on the dietary intake of calcium [23]. The mecha- 
nism for the fall in phosphate excretion on a high 
calcium diet could either be due to a decreased 
intestinal absorption of phosphate [24, 251, or to 
suppression of the parathyroid hormone secretion 
which, in turn, would lead to increased tubular 
phosphate absorption and thus decreased phos- 
phate excretion [26, 271, or to a combination of 
both. 
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