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Osteoporosis and calcium deficiency 

By B. E. C .  NORDIN, University Department of Medicine, 
Gardiner Institute, Western InJrmary, Glasgow, W. I 

It is generally assumed that there is little or no calcium deficiency in the western 
world. This assumption rests on two considerations. The first is that the average 
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130 SYMPOSIUM PROCEEDINGS I 960 
calcium intake in all modern societies is substantially above the supposed calcium 
requirement. The  second is that if there were any dietary deficiency of calcium it 
would produce nutritional osteomalacia, which is in fact virtually non-existent in 
this country. Both these assumptions are open to question. 

Calcium requirement 
The calcium requirement of an adult is considered to be the amount which main- 

tains calcium balance; this is certainly the minimum. Mitchell & Curzon (1939) 
examined 139 balance studies in normal subjects and showed that the mean require- 
ment was about 10 mg/kg body-weightlday. I have arrived at the same mean figure 
from an analysis of ninety-two balance studies on normal subjects collected from 
the recent literature (Nordin, 1960a). However, this mean figure conceals a wide 
individual variation since the standard deviation of intake on output is no less than 
4 mg/kg. It means that, if the whole population were taking 18 mg/kg/day, 95% 
would be in balance. If they were all taking 22 mg/kg/day, 99% would be in balance. 

The  figures for dietary intake of the population in the United Kingdom can be 
obtained from the National Food Survey, although unfortunately the last edition of 
it that provides some statistical analysis was published in 1955 (Ministry of Agricul- 
ture, Fisheries and Food: National Food Survey Committee, 1955). This survey 
shows that the mean calcium intake of the population of this country in 1953 was 
about 1000 mg calcium/day; the coefficient of variation was 27%. If we assume that 
the mean weight of a member of the population studied was 50 kg then the mean 
intake was 20 mg/kg/day and the standard deviation was 5.4 mg/kg/day. In  other 
words, 95% of the population were taking more than 9-2 mg/kg/day and 99% were 
taking more than 3.8 mg/kg/day. 

Calcium requirement Calcium intake 

Caicium (mg/kg/day) 

Fig. I .  Distribution of calcium requirement in ninety-two normal subjects and of calcium intake 
calculated from the National Food Survey for the year 1953 (see this page). 

The relationship between requirement and intake is illustrated in Fig. I ,  which 
shows the distribution of requirement and intake calculated from the above figures. 
It will be seen that the two curves overlap considerably. Although the majority of 
the population is consuming more calcium than 99% of it requires, a substantial 
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proportion is obtaining less than this amount. Clearly, if there exist individuals whose 
calcium requirement is near the upper end of the normal range but whose intake 
happens to be near the lower end, they will be in danger of being in negative calcium 
balance. On a purely statistical basis, the proportion of the population that might 
theoretically be in negative calcium balance in the light of these findings is about 7%. 

I t  may be argued that these results only apply to short-term balances and that 
normal people can adapt to restricted calcium intake by lowering their urinary 
calcium and possibly by improving their calcium absorption. This is certainly the 
view of Hegsted, Moscoso & Collazos (1952) and is supported by the work of 
Walker, Fox & Irving (1948). However, the fact that some people can adapt to 
calcium restriction does not mean that everyone can do so. The  only really long-term 
work on low-calcium diets has been done by Malm (1958) and that shows clearly 
that some individuals remain in negative calcium balance for years on end. 

The bone disease of calcium deficiency 
The second reason why calcium deficiency is not considered to occur is the rarity 

of nutritional osteomalacia in our society. The  assumption that calcium deficiency 
would produce osteomalacia is, however, itself a highly questionable one. It is based 
upon the known reduction in the ash content of osteomalacic bone and the mal- 
absorption of calcium which is known to accompany vitamin D deficiency. These 
two well-established facts have long been connected in the literature and it has been 
widely assumed that vitamin D deficiency produces rickets because it produces 
malabsorption of calcium, with the implication that calcium deficiency must produce 
the same effect as deficiency of vitamin D. This is not true, however, of experiments 
on animals which I have reviewed elsewhere (Nordin, 1960b), the most recent 
example being the work of Greaves, Scott & Scott (1959) which was recently reported 
to the Physiological Society. Animal experiments, which go back to the beginning 
of the century, show that simple calcium deficiency unaccompanied by vitamin D 
deficiency produces loss of bony tissue (osteoporosis) without any reduction in ash 
content. The  explanation appears to be that vitamin D deficiency lowers the product 
of calcium and phosphate concentrations in the blood whereas simple calcium 
deficiency does not. 

If it is correct that low-calcium diets produce osteoporosis in animals, is there any 
reason why the same should not be true in man? At the present time it is widely 
believed that osteoporosis-by which we mean a reduction in the amount of bone 
present in the skeleton or part of the skeleton-is a disorder of protein rather than 
of calcium metabolism. This assumption is based on the work of Albright (Albright 
& Reifenstein, 1948) who probably developed his hypothesis in the belief that 
calcium deficiency must produce osteomalacia and could therefore not be responsible 
for osteoporosis. 

Osteoporosis and calcium deficiency in man 
Since osteoporosis simply signifies a reduction in bone mass, the condition could 

be due to a reduction in rate of bone formation or an increase in the rate of destruc- 
tion. An increase in the rate of destruction would be produced by negative calcium 
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132 SYMPOSIUM PROCEEDINGS I 960 
balance, and negative calcium balance can of course be produced by inadequate 
intake, malabsorption or excessive urinary excretion of calcium. Is there any evidence 
that any or all of these factors are operating in clinical osteoporosis? 

We have tried to study this problem in several ways. In  the first place we are, 
with the help of Miss McCombie and her staff, collecting diet histories in cases of 
osteoporosis and comparing them with histories obtained by the same dietitians 
from control subjects. We have so far obtained diet histories from eighty-one con- 
secutive cases of osteoporosis and from ninety-six control subjects. The age and sex 
distribution of the two groups is shown in Fig. 2. There is a slightly higher propor- 
tion of men among the controls than among the patients but we are satisfied that it 
cannot explain the results given below. 

30 - 
36 - 

Age (years) 
Control subjects Patients with osteoporosis 

Fig. 2. Frequency distribution of age and sex in control subjects and in patients with osteoporosis 
(see this page). m, male; 0, female. 

In  this series of eighty-one consecutive cases of primary osteoporosis, ten patients 
out of fifty-three tested had steatorrhoea. It seems reasonable to suppose that 
malabsorption of calcium might be present in these cases and it has been confirmed 
by balance studies in five of them. 

For the remaining seventy-one patients, the mean dietary intake of calcium 
calculated from the diet histories was 13.4 mg/kg/day as compared with 17’9 mg/kg 
in the control subjects (Fig. 3). The mean intakes of protein and vitamin D were 
also lower in the patients with osteoporosis than in the control subjects (Figs. 4 and 
5 ) .  In  each instance the difference was highly significant (Table I ) .  If the results are 
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Fig. 3. Dietary intake of calcium in control subjects (upper) and in patients with osteoporosis (lower). 
0, steatorrhoea. (See p. 132.) 
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Fig. 4. Dietary intake of protein in control subjects (upper) and in patients with osteoporosis (lower). 
0, steatorrhoea. (See p. 132.) 
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expressed in crude figures unrelated to body-weight the difference is even more 
striking because the mean weight of the patients was 51  kg and the mean weight of 
the control subjects was 65 kg. 

Table I .  Mean values with twice their standard errors for  dietary intake of calcium, 
protein and vitamin D by ninety-six control subjects and eighty-one patients with 
osteoporosis 

Significance 
Nutrient Controls Osteoporotics of difference 

Calcium (g/kg/day) 17'9 f 1'3 13'4 f 1'5 P <O.OI 

Protein (g/kg/day) 1.28 5 0.09 1.02 & 0.08 P t o o r  
Vitamin D (i.u.) 107 f 18 64 f 12 P <o.o1 

The  cases of osteoporosis can be classified into spinal, involving the spine only 
(group I ) ;  peripheral, involving cortical bone only (group 2); and mixed (group 3). 
When this division is made, the dietary calcium intake appears to have been lowest 
in group 3 (Table 2). 

It has already been indicated that calcium balance must be a function of the 
relationship between intake, absorption and excretion. As far as absorption is 
concerned, we have found that about half the patients with osteoporosis whom we 
have studied on calcium balance are well able to absorb calcium, but others are 
unable to do so, which suggests that malabsorption may be present in some cases. 
We cannot say more about these results at the moment. 
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Table 2 .  Mean values with twice their standard errors f o r  calcium intake of patients 

with osteoporosis, grouped accordzng to bones afSected 

Group no, 
I (spine only) 
2 (periphery) 

3 (both) 
Controls 

O ' l j l  0.20 

No. of Ca intake Significance 
subjects (mg/kg/day) of difference 

33 14.1 ?C 2.5 P ( 0 . 0 5  
17 142 f 2.6 P ( 0 . 0 5  
21 12.1 f 0.5 P t o . 0 1  

96 17'9 3 1'3 P <O.OI 
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Fig. 6. Relationship between dietary intake of calcium and urinary ca1cium:creatinine ratio in control 
subjects (upper) and in patients with osteoporosis (lower). The curves represent the appro- 
ximate values at which calcium balance would be achieved if 20% absorption of dietary calcium is 
assumed. 0, steatorrhoea. (See this page.) 

We have measured the urinary calcium: creatinine ratio (Nordin, 1959b) in all the 
eighty-one patients in the series and in the majority of the control subjects. Fig. 6 
shows that not only is calcium intake lower in the osteoporotics than in the controls, 
but calcium excretion tends to be higher; the relationship between dietary intake 
and urinary excretion is therefore very different in the two groups. This relationship 
can be simply expressed in one figure by dividing the dietary calcium by the calcium: 
creatinine ratio. The result of doing so is shown in Fig. 7 and Table 3. The data 
show that the relationship between dietary and urinary calcium is significantly 
different in patients with spinal osteoporosis from that in normal controls, but that 
it may not be true of osteoporosis of the peripheral bones. 
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Fig. 7. Relationship between dietary intake and urinary excretion of calcium in control subjects (C) 
and in patients with spinal (I), peripheral (2) or mixed (3) osteoporosis, expressed by division of 
the value for calcium intake (mg/kg/day) by the value for the ca1cium:creatinine ratio in the urine 
(each in mg/Ioo ml). (Logarithmic scale.) 

Table 3. Relationship between intake and urinary excretion of calcium in patients 
with osteoporosis and in controls 

(Mean values with twice their standard errors) 
Calcium intake + urinary 

Ca:creatinine ratio Significance of 
Group (expressed as in Fig. 7) difference from controls 

P <O.OI 
Not significant 
P <O.OI 

(57) 
Figures in parentheses are the numbers of subjects. 

Conclusions 
It appears that the dietary calcium intake of the population is not necessarily as 

adequate as it is generally assumed to be, and that by analogy with animal experi- 
ments negative calcium balance might be expected to produce osteoporosis in man. 
The data we have collected so far are compatible with this concept, which is further 
supported by radiocalcium studies on rate of bone formation (Heaney & Whedon, 
1958; Nordin, 1 9 5 9 ~ )  and by the results of therapy with calcium supplements and of 
calcium balances, which will be reported elsewhere. 
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Disorders of the nervous system in malnutrition 

By C. J. EARL, The National Hospital, Queen Square, London, W.C.1 

Disorders of the nervous system resulting from malnutrition have been recognized 
since the last century. Their occurrence during the recent war, among prisoners and 
populations subsisting on inadequate diets, stimulated at that time a great deal of 
interest, and the important monographs of Denny-Brown (1947) and Spillane (1947) 
contain a large number of clinical observations. There are, however, still very many 
problems to be solved in this field, even in the definition of the clinical syndromes 
which result from particular dietary deficiencies. 

I think that today the important aspects of the subject to consider are those 
conditions which do occur in this country and which in the elderly might easily 
remain undiagnosed if the possibility of nutritional disorder were not entertained. 

I would like to take first the abnormal neurological state thought to be due to 
nicotinamide deficiency, because it is the one which in the elderly, and in this 
country, could give rise to the greatest difficulty in diagnosis. I t  is probably uncom- 
mon here but is apparently seen much more frequently in the large cities of the 
United States among those addicted to alcohol. 

I t  was first described by Jolliffe, Bowman, Rosenblum & Fein (1940) in New York, 
who defined a condition which would respond to treatment with large doses of nico- 
tinic acid given parenterally while the patient was maintained on a diet low in 
vitamins of the B complex. The condition was named nicotinic-acid deficiency 
encephalopathy . 

The onset of the illness is insidious and the nervous manifestations protean in 
character. The earliest symptoms are often psychological. Fatigue, irritability, 
depression or nervousness are all noted and it is easy to imagine how difficult the 
diagnosis can be at this stage. Later an impairment of intellectual function supervenes 
followed by stupor and coma. Many of the patients described in the literature were 
stuporose by the time they were admitted to hospital. 

Associated with this clouding of consciousness there are other neurological signs. 
Rigidity of the limbs (of the sort seen in Parkinsonism) is found, and grasp and 
sucking reflexes are often present. The plantar responses may be extensor and the 
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