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In a cross-over study undertaken in 37 healthy women comparing a calcium sulphate-rich mineral 
water and milk, each providing about 480 mg calcium/day, there were significantly higher levels of 
calcium in the urine (20 mg/day) during the periods when the calcium sulphate-rich water was 
consumed (Brandolini et al., 2005). The authors suggest that the acidogenic action of the high sulphate 
intake may have been responsible for the increased calciuria. 

2.4. Biomarkers 

2.4.1. Biomarkers of intake 

When looking to circumvent the problems encountered when measuring dietary intake, entailing the 
collection of calcium intake data from all sources (food, drinks and supplements), availability of 
comprehensive up-to-date food composition data and information on the calcium content of water and 
other drinks, the use of an independent surrogate biomarker of intake has some advantages. First, 
changes in habitual dietary patterns which are frequently associated with prospective dietary 
assessment are not an issue. Second, the biomarker can reflect total calcium intake more accurately, as 
it does not rely on dietary recall (memory) or the collection of complete dietary records. As urinary 
calcium excretion depends on calcium intake, it has been proposed as a surrogate biomarker of 
calcium intake. Some epidemiological studies have reported a linear relationship between dietary and 
urinary calcium (Kesteloot and Joossens, 1990). However, in both cross-sectional (Charlton et al., 
2005; Toren and Norman, 2005) and long-term intervention (Zhu et al., 2011) studies, there is no clear 
relationship between dietary calcium intake and 24-hour urinary excretion. The Panel concludes that 
there are no reliable biomarkers of calcium intake. 

2.4.2. Biomarkers of status 

Serum calcium concentrations are maintained within a narrow range from the large calcium bone 
reservoir, irrespective of dietary calcium intake or whole-body calcium content/status. Serum ionised 
calcium concentration can be used to identify disturbances in calcium metabolism but is not useful for 
assessing status in healthy humans (Gibson, 2005). 

BMD and/or BMC can be used to assess the response to changes in intake over a relatively long period 
of time (> 1 year) (Gibson, 2005), but not to measure calcium status per se. Serum markers of bone 
formation (osteocalcin and bone-specific alkaline phosphatase) and urinary markers of bone resorption 
(pyridinoline and deoxypyridinoline) reflect changes more rapidly and have been measured in shorter 
term interventions (Seamans et al., 2011). The International Osteoporosis Foundation and the 
International Federation of Clinical Chemistry and Laboratory Medicine suggested that serum 
procollagen type 1 amino-terminal propeptide and serum cross-linked C-terminal telopeptide of type 1 
collagen could be used as reference bone turnover markers but require international reference 
standards (Vasikaran et al., 2011), although the Panel notes that results of a recent systematic review 
suggest that bone turnover biomarkers have a very low diagnostic value for osteoporosis (Biver et al., 
2012). These markers are influenced by a number of environmental and lifestyle factors, and change in 
relation to circadian rhythm (Chubb, 2012) and the length of the bone modelling transient (Aloia et al., 
2008). The measurements are also assay specific (Eastell et al., 2012), and further work is required to 
develop reference ranges and the standardisation of methods for bone turnover markers to be a useful 
adjunct in the assessment of status in different population groups. 

The Panel concludes that there are no suitable biomarkers of calcium status. 

2.5. Influence of genotype 

BMD is highly heritable, but there are age- and site-related differences. For example, using a classical 
twin design model it was shown that the genetic proportion of total variance for spine BMD was 88 % 
in premenopausal women and 77 % in postmenopausal women (Hunter et al., 2001). A study was 
carried out to examine the relationship between polymorphisms of the vitamin D receptor (VDR) gene 
and BMD (Stathopoulou et al., 2011). In a group of 578 Greek postmenopausal women, genotyping 
was performed for the BsmI, TaqI and Cdx-2 polymorphisms of the VDR gene. These polymorphisms 
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(a): 5th or 95th percentile intakes calculated from fewer than 60 subjects require cautious interpretations, as the results may not be statistically robust (EFSA, 2011b) and, therefore, for these 
dietary surveys/age classes, the 5th and 95th percentile estimates will not be presented in the intake results. 

(b): A 48-hour dietary recall comprises 2 consecutive days. 
(c): One subject with only one 24-hour dietary recall day was excluded from the dataset, i.e. the final n = 990. 
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of Hunt and Johnson (2007). Based on a request for data, EFSA received a set of individual data points 
belonging to 27 studies (eight of those not included in the list in Table 1 of Hunt and Johnson (2007)). 

All studies were carried out at the US Department of Agriculture, Agricultural Research Service, 
Grand Forks Human Nutrition Research Center, between 1976 and 1995. These experiments were 
designed to meet various objectives and various target populations corresponding to a wide range of 
individual characteristics (e.g. obese women, young men carrying out very intense physical activity). 
Each study was run over subsequent dietary periods, the numbers of which ranged from one to six. 
Therefore, replicated observations over time were available for each subject in most of the studies. 
The minimum length of any dietary period was 18 days. 

The provision of data was limited to the subset of variables considered by Hunt and Johnson (2007). 
They included age, sex and body weight of the subjects, as well as measures of dietary calcium intake, 
excretion and balance, all of which were expressed in mg/day, mg/kg body weight per day and 
mg/kcal of dietary intake per day. 

Calcium content of the diet and urinary and faecal calcium excretion were determined analytically in 
all studies. However, no data were available in the metabolic studies provided to EFSA on the amount 
of calcium eliminated via sweat loss. Consequently, the latter was not accounted for in the current 
analysis. The lack of consideration of the loss via sweat represents a source of bias (potential 
underestimation of calcium excretion) that needs to be considered when drawing conclusions. 

The individual data points are the property of the US Department of Agriculture, Agricultural 
Research Service, Grand Forks Human Nutrition Research Center. Therefore, they cannot be disclosed 
by EFSA. 

Summary statistics of the characteristics of the subjects included in the studies provided to EFSA are 
reported in Table 9. A total of 247 subjects were considered for a total of 566 observations (some of 
which are correlated, as measurements were replicated in the same subject over different periods of 
time). Data on 144 females (306 observations in total) and 103 males (260 observations in total) were 
available. 

 Sex, number of subjects and observations (not all independent) by study  Table 9: 

Study Sex Sample size (number of subjects) Total number of observations 
1 M 13 57 
2 M 9 15 
3 M 2 4 
4 M 4 7 
5 M 10 17 
6 M 6 11 
7 M 9 16 
8 M 8 30 
9 M 7 19 
10 F 7 42 
11 F 7 9 
12 F 5 20 
13(a) F 14 14 
14 M 7 17 
15 F 14 27 
16 F 12 14 
17(a) F 6 6 
18 M 14 42 
19 F 8 8 
20 M 11 22 
21 M 3 3 
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mean (diamond symbol), median (horizontal line) and quartiles (interior and extremes of the box), 
minimum and maximum in a range of 1.5-fold the 25th and 75th percentiles (extreme of the whiskers) 
and potential outliers defined as values above 1.5-fold the 25th and 75th percentile (dots). 

 

Figure 1:  Boxplot of dietary calcium intake by study 

 

Figure 2:  Boxplot of dietary calcium output by study 
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Outcome Source of uncertainty Direction of the effect on the 
outcome 

Estimate of AR and PRI Use of a point estimate resulting from 
the intercept of the line of null 
balance with the predicted mean and 
the upper bound of the prediction 
interval. 

The use of a point value makes the 
results sensitive to any change in the 
parameters estimate (intercept and 
slope) and their variability in the 
sample. Inclusion/exclusion of some 
replicates/units could, in principle, 
also lead to different estimates for AR 
and PRI. 
It is difficult to predict in which 
direction this uncertainty could affect 
the final results. However, it is true 
that, in a healthy population, it is 
expected that the relationship between 
dietary calcium intake and excretion 
should be close to 1. The closer the 
slope of the model is to 1, the larger 
the upper bound of the prediction 
interval becomes. In principle, the 
effect of the uncertainty could be a 
slight underestimation of the dietary 
intake corresponding to null balance. 
However, it is reassuring that the 
estimate of the slope is already not far 
from 1 and the fitness of the model is 
quite good. 
There is a need to accumulate more 
data of this kind in the future in order 
to make predictions at the individual 
level more robust. 
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ABBREVIATIONS 
Afssa Agence française de sécurité sanitaire des aliments (French Food Safety Agency) 

AI Adequate Intake 

AR Average Requirement 

BMC bone mineral content 

BMD bone mineral density 

CaBP calcium binding protein, calbindin 

CaSR calcium-sensing receptor 

CI confidence interval 

COMA Committee on Medical Aspects of Food Policy 

CV coefficient of variation 

D-A-CH Deutschland-Austria-Confoederatio Helvetica 

DH Department of Health 

DRV Dietary Reference Value  

DXA dual-energy X-ray absorptiometry 

EAR Estimated Average Requirement 

EU European Union 

F female 

FAO Food and Agriculture Organization 

IOM US Institute of Medicine of the National Academy of Sciences 

M male 

NNR Nordic Nutrition Recommendations 

OR odds ratio 

PBM peak bone mass 

PRI Population Reference Intake 

PTH parathyroid hormone 

RDA Recommended Dietary Allowance 

RNI Reference Nutrient Intake 

RR relative risk 

SCF Scientific Committee for Food 

SD standard deviation 

SE standard error 

UL Tolerable Upper Intake Level 

UNU United Nations University 

VDR vitamin D receptor 

WHO World Health Organization 
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