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Nutrition is a key component in preventive measures for bone disease. To

achieve optimum calcium status and maximize calcium retention, nutrition

education should consider how composite meals affect calcium absorption

efficiency and retention in the body, and how various eating behaviors relate to

calcium intake.

102 healthy female subjects, aged 20-25 years old, were recruited and their

usual dietary intakes were assessed by the Food Choice Map (FCM). A 24-hour

urine collection was analyzed for calcium (UrCa) and sodium (UrNa). Calcium

absorption was estimated from published formulae.

The assessed dietary mean calcium and sodium intakes were 1118.55 t
549.94 mg and 2927.41 ! 1100.21 mg respectively. UrCa was not associated with

calcium intake Q2 = 0.027, P = 0.216) but was significantly associated with sodium

intake (f = 0.093, P = 0.019) and UrNa Qa = 0.223, P < 0.001). Higher UrCa

appeared to be related to the intake pattern clustered with the highest mean

sodium content, and was inversely related to the intake pattern with higher mean

phosphorus content. Without substantial phosphorus-calcium binding effect in

meals, the estimated calcium absorption of 46 subjects was significantly

associated with UrCa (É = 0.11, P = 0.022).Positive perceptions of calcium on

bone health and taste preferences were the major reported reasons for choosing

high calcium foods.

ln addition to calcium, appropriate amounts of phosphorus, low phytate and
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low sodium in a meal are required to facilitate optimum calcium absorption and

retention in the body.
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Nutrition is a modifiable factor is commonly that is used as a preventive

measure in the management of bone disease due to the association between

inadequate dietary calcium and osteoporosis (1). The prevalence of osteoporosis

among women aged 50 years or more in Canada is 15.8% and treatment of

osteoporosis and related fractures is estimated to cost $1.3 billion per year (2).

Variations in calcium nutrition early in life may account for as much as a 5-10%

difference in peak adult bone mass and is projected to account for a difference of

25-50% in hip fracture risk later in life (3); however, optimizing calcium absorption

and retention may require considering many other dietary factors that influence

the absorption, excretion and utilization of ingested calcium.

Calcium absorption and excretion can be enhanced or reduced by many

nutrients including phosphorus, protein, potassium, sodium and calcium (4-12).

The limitations of the traditional single-nutrient approach are difficult to address

due to a considerable gap in knowledge about calcium interactions with other

nutrients (13).

Scientific knowledge of the specific nutrients associated with poor calcium

absorption and increased excretion are not easily accessible to consumers or

health service providers. More attention should be paid not only to increasing

calcium intake, but also to maximizing its availability and retention in the body by

making better food choices. ln order to enhance the interpretation and translation

of study outcomes into practical dietary advice, pattern analysis, such as cluster

1. INTRODUCTION



analysis, would be an advantage for studies conducted to elucidate relationships

between food patterns and disease (13, 14).

To improve the bioavailability of calcium content in foods, the nutrients

associated with poor absorption and increased excretion first need to be clearly

identified. Dietary intakes can be determined using a variety of dietary

assessment tools, including 24-hour recall, food records and food frequency

questionnaires (FFQ), but not all have the same cost-effectiveness. Each method

exhibits its own limitations (15-18). For a dietary assessment tool to be as

cost-effective as a 24-hour recall, it should ideally elicit multiple days of usual

dietary intake to show daily variation, and can provide a precise quantification of

all nutrient intake for assessing the bioavailability of calcium (19).

The reasons for food choices in an individual are fundamentally important to

increase the effectiveness of dietary advice and to reverse the high prevalence of

inadequate calcium intake among Canadian women. Diet patterns do not exist in

isolation, but often cluster with other sociocultural, economic and demographic

factors which make it difficult to isolate the effects of diet on disease (20). To be

effective, dietary advice must consider the behaviors, needs, and motivations of

the target population (21).

Since few data are available on the bioavailability of calcium from composite

meals, especially for young women, a cost-effective dietary tool, the Food Choice

Map (FCM), was developed to help health professionals better assess the

calcium status of women. The objectives of the current study are:
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1 . to interview young women, aged 20-25 years old, about their food intake,

and estimate both the calcium content and the calcium available for

absorption from these diets;

2. to estimate urinary calcium excretion in the same young women, and

determine the association between calcium intake and excretion;

to record the major reasons that young women give for their high

calcium-containing food choices, thus providing a context for the results and

a basis for dietary advice;

to make recommendations to health service providers on the use of the FCM

(Food Choice Map)for estimating bioavailable calcium in the diet and as a

basis for nutrition education.

3.

4.

It is hypothesized that the estimated calcium absorption from the full range of

dietary factors in a meal accounts for more of the variability in urinary calcium

excretion than dietary calcium intake alone.
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2.1 Calcium status among Canadians

There is a high prevalence of inadequate calcium intake among Canadian

women. A survey conducted between 1997 and 1998 reported that the current

mean dietary calcium intake among Canadian women aged 18 to 34 years was

757 t 358 mg (22). With supplementation, the mean calcium intake was 812 t
387 mg. Even after including calcium supplements, Canadian women in this

particular age group consume consistently below the Adequate lntake (Al) of

1000 mg, which is the amount recommended for optimizing bone health and

calcium retention (23).

According to two other Canadian nutrition surveys (22,24), the major

sources of dietary calcium for Canadian adults are milk and dairy products, with

dairy products providing 50% to 60% of dietary calcium. The mean number of

portions of milk products ingested by females aged 18-34 years was 1 .6 servings

per day; grain products and other foods together provided almost 25o/o of calcium

intake.

2.2 Factors affecting calcium intake

2. LITERATURE REVIEW

Dietary calcium intake can be affected by a variety of factors and is strongly

related to energy intake (r = 0.6, P < 0.01) (22).Sociodemographic factors

including education and country of origin (22,25), health perception knowledge

including cholesterol (26,27), personal perception and attitudes about weight (28),
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fat, taste, cost and lactose íntolerance (29), and last (but not least) parental and

peer influence (27,28) were all found to have an influence on calcium intake.

2.3 Food sources

2.3.1 Natural food sources

Calcium exists in foods and dietary supplements as relatively insoluble salts

and can be found in a variety of food sources including dairy products, grains,

seafood, fruit, vegetables, drinking water and some fortified products. Milk and

dairy products are naturally good sources of calcium products and generally

contain more calcium per serving than other food sources (30).

Some foods, such as legumes, soybeans, bran and spinach, contain phytate

or oxalate which form insoluble complexes with calcium, such that calcium

absorption from these foods is greatly diminished relative to milk and dairy

products (1, 31). For instance, 9.5 cups of rhubarb are needed forthe equivalent

amount of calcium in one cup of milk (32). Since the composition of the diet

affects the efficiency of calcium absorption and its retention, optimizing the

bioavailability of calcium in foods is of high importance, especially when dietary

calcium intake is so commonly inadequate.

Since the amount of calcium that can be utilized by the body is not reflected

in food composition databases, a gap exists between the scientific evidence and

public education. The public needs to be better educated about improving calcium

utilization and making appropriate food choices.
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2.3.2 Supplementation

Calcium supplements and multivitamins are the most commonly reported

nutritive supplements among Canadians (33). Most of the time, calcium

supplements are taken as a single-mineral supplement (53%), followed by

calcium with magnesium (23%), and calcium with vitamin D (15%).

Absorbability of a given calcium supplement is weakly related to the solubility

of the calcium sources, but is significantly enhanced by coingestion of a meal (8,

34). A divided dose regimen results in greater absorption of a supplement than

does a single dose (35). The bioavailability of milk is not significantly different

from calcium carbonate (36), calcium acetate, calcium lactate, calcium gluconate

or calcium citrate (37).

Since supplement use is always voluntary, the potentially beneficial effects

may not reach the population at the greatest risk of calcium deficiency. Only

individuals who are able to self-identify the need for supplementation and are

aware of supplementation advice will be able to benefit (33). ln addition,

supplements are less likely to reach financially disadvantaged populations. Given

the expense of supplements and the advantages of other nutrient components in

foods, meeting calcium needs through usual dietary sources may be preferable.

2.4 Calcium homeostasis

ln times of inadequate calcium intake, blood ionized calcium concentration is

remarkably stable. The plasma calcium concentration is tightly controlled by a

complex homeostatic mechanism involving the flux of calcium between the
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extracellular fluid, parathyroid glands, kidneys, intestines, and bone which is a

reserve for calcium in the body (38).

When there is a low serum ionized calcium concentration, parathyroid glands

secrete parathyroid hormone (PTH) to increase extracellular calcium

concentrations through actions on kidneys, bone and intestine. ln the kidney, PTH

increases the synthesis of calcitriol (1,25 (OH)2D3) which increases renal tubular

reabsorption of calcium. ln the intestine, calcitriol stimulates the synthesis of

calcium binding protein (CBP, also called calbindin De¡)to promote calcium

absorption (39, 40). ln bone, PTH interacts with receptors on osteoblasts

(bone-building cells) that signal osteoclasts. PTH released in response to low

serum ionized calcium concentrations stimulates osteoclasts to release lysosomal

acids, proteases, hydrolases and other enzymes that break down the bone matrix.

Osteoclastic resorption is also weakly controlled by calcitonin (38). Osteoclasts

therefore play a significant role in maintaining normal serum calcium

concentration (40).

ln summary, calcium homeostasis is maintained by the balance between

bone formation and resorption. Calcium balance is the final integration of calcium

intake, absorption and excretion.

2.5 Bioavailability of calcium

Bioavailability of calcium designates the fraction of the ingested dietary

calcium that can be absorbed by the intestine and can be used for physiological

functions, specifically bone mineralization and limiting bone loss. Bioavailability
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depends on absorbability and the incorporation of absorbed calcium into bone,

urinary excretion and fecal loss of calcium (4). Each of these functions can be

influenced by physiological and dietary factors (41), and these two factors are not

clearly separable.Any factors that increase the loss of calcium in urine or

decrease intestinal calcium absorption can inhibit calcium incorporation in bone.

2.5.1 Absorption

Calcium can be absorbed only in its ionized form (Ca2*), and dissociated from

its salts at a mildly acidic pH (1). Calcium absorption is the result of two processes,

active transport and passive transport. Active transport refers to a transcellular

process that occurs mainly in the duodenum and the upper jejunum (4). lt requires

metabolic energy, and involves a calcium-binding protein that is regulated by

calcitriol. The calcitriol-dependent calcium transport system is activated on

low-calcium diets (9, 39). The transcellular process involves three sequential

steps: entry, intracellular diffusion and extrusion (4, 9). Calcium doses as low as

120 mg may cause the active process to become saturated (42).

Passive transport refers to paracellular diffusion and occurs throughout the

length of the small intestine, but mostly in the jejunum and ileum (39). lt accounts

for 8o/o - 23% of total calcium absorbed by adults under normal conditions (43)

and is most important when calcium intake is adequate or high (9). Passive

transport is independent of vitamin D and age (4).

The duodenum and proximaljejunum are more efficient sites for active

absorption of calcium due to the acidic pH (6.0) and the presence of calbindin.

However, the largest amount of calcium is absorbed in the ileum due to the



prolonged time that chyme remains there (1, 9). Up to 5% of calcíum can be

absorbed daily from the colon because bacteria in the large intestine act on

fermentable fibers to release bound calcium (1).

Calcium absorption varies through the lifespan. ln a study with young female

subjects (average age of 23.7 t 1.3 years), the mean fractional calcium

absorption, measured by double-isotope technique, was 35.64% t7.67 % with

the within-subject coefficient of variation about 10.57% (44).

2.5.2 Excretion

Since the extracellular fluid calcium concentration is tightly controlled, any

excess absorbed calcium that cannot be stored in bone is excreted in urine, feces

and sweat. Urinary calcium excretion is an important determinant of calcium

retention in the body as it accounts for 50o/o of the variability in calcium retention

(32). lt reflects the balance between glomerular filtration and tubular reabsorption,

and ultimately the net rates of either intestinal calcium absorption or bone

resorption (45). lf 30% of 10009 of elemental calcium is absorbed, there is a

relatively constant gut secretion of -150m9 per day for a healthy adult in normal

calcium balance (38). About 98% of calcium initially filtered at the glomerulus is

reabsorbed along the nephron with the principal sites being the proximal tubule,

thick ascending limb and distal tubule (40). The majority of calcium is reabsorbed

in the proximal tubule by the paracellular pathway that is not under hormonal

regulation. Regardless of calcium intake, 250 mg/day (or 4.1m9lkg/day) is taken

as the upper limit of normal calcium excretion for estrogen-replete women (46).
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2.5.3 Bone

Bone is a living tissue that grows in length, width and mass during the first 20

to 30 years of life. During the first two decades, calcium balance (the difference

between calcium intake and calcium loss) is positive and contributes to skeletal

growth and reaching peak bone mass. ln young American women, 90% of their

total bone mineral content is attained by age 17 and 99% is achieved by age 26.

lndividuals who can achieve higher peak bone mass (PBM) in early adulthood are

thought to be at lower risk for developing osteoporosis in later life (3,47). After the

attainment of PBM, bone loss begins and persists until the end of life. Calcium

retention increases with intake until a plateau occurs beyond which there is little

additional benefit (48). Calcium balance changes from close to zero, during early

and middle adulthood, to negative in advanced ages.

Many studies have shown that high dietary calcium and/or calcium

supplements have a positive effect on skeletal growth and may be an effective

nutritional measure for retarding age-related bone loss and reducing osteoporotic

fracture risk (49-53). Variations in calcium nutrition early in life may account for as

much as a 5 -10% difference in PBM and this difference is projected to account for

a 25 - 50% difference in hip fracture risk later in life (3). One study has shown that

high calcium intake up to the age of 25 years is significantly associated with an

increase in bone density (54) and this creates a potential window for

bone-building up to age 20-30 years (55).
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2.6 Factors influencing calcium metabolism

2.6.1 Physiological and lifestyle factors affecting calcium metabolism

ln general, the efficient utilization of ingested calcium and calcium retention

are influenced by several physiological and lifestyle factors. These factors include

age (56, 57), serum 25(OH)D (58), intestinal transit (58), hormones (56), growth

(59), pregnancy and lactation (60), genetics (48, 61 ,62), body size (63), ethnicity

(64-68), smoking (69-71), obesity (72,73), diseases (74,75), medications (1, 76)

and use of oral contraceptives (77, 78).

Dietary factors can influence the expression of physiological factors and the

chance of achieving the genetically-predetermined peak bone mass. Certain

types of food increase the degree of calcium absorption; whereas, others promote

calcium excretion in the urine. Since dietary factors are modifiable, they are

potential targets to improve bioavailability of calcium and bone health.

2.6.2 Factors affecting calcium absorption

2.6.2.1 Calcium

Calcium absorption is inversely related to the amount of dietary calcium (42,

56, 79, 80). There is increased efficiency in absorbing calcium when dietary

calcium intake is low. This adaptation possibly results from increased PTH

secretion in conditions of low dietary intake with a consequent increase in

1,25(OH)2D (57). lntra-individual calcium absorption is significantly affected by the

overall composition of meals, not the amount of calcium alone (81).
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2.6.2.2 Vitamin D

Vitamin D plays a vital role in enhancing the efficiency of calcium absorption

(82, 83). The active vitamin D metabolite, calcitriol, facilitates active calcium

absorption in the intestine by stimulating the synthesis of calbindin (47). The

calcium absorptive efficiency is found to be associated with the serum 25(OH)D

concentration (84).

Vitamin D deficiency in adulthood can lead to reduced calcium absorption,

elevated blood concentrations of PTH, and increased rates of bone resorption

leading to fracture. lt has been suggested that vitamin D (with or without calcium),

may slow bone loss and lower fracture risk (85-87).

2.6.2.3 Protein

Studies have reported that dietary protein affects intestinal calcium

absorption. Calcium absorption is about B% less when consuming low (0.79/kg)

and moderate (1.09/kg) protein intake over a short period of time compared to

high protein intake (21glkg) (11, B8). The long term effect of low protein intake is

uncertain (89). lt has been suggested that a high protein diet results in a

significant increase in intestinal calcium absorption with a parallel increase in

urinary calcium excretion, whereas a low protein diet reduces calcium absorption

(11 ).

2.6.2.4 Oxalate

Oxalate binds with calcium in food to form insoluble compounds at a neutral
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or alkaline pH, making the calcium unavailable for intestinal absorption (90, 91).

The adverse effect of oxalate on calcium absorption is dependent on the

oxalate/calcium mEq ratio (90). For any food with a ratio greater than two, there is

no utilizable calcium left. When the ratio is about one, there is no detrimental

effect of oxalate on the utilization of calcium.

2.6.2.5 Phytate

Phytate, the storage form of phosphorus, is suggested to bind ingested

calcium in the intestine. The strength of the calcium-binding effect of phytate can

be affected by pH (92), fermentation (93, 94), temperature (95, 96), soaking (95)

and cooking (93, 95). The calcium-binding capacity of phytic acid varies between

4.25 and 6 mol of calcium/mol of phytic acid (92).

2.6.3 Factors affecting urinary calcium excretion

The principal factors influencing urinary calcium excretion include body

weight (46), calcium intake (45,46,97), absorption efficiency (11, 98), estrogen

status (41,46), ethnicity (65) and co-ingested nutrients. The change in the

amount of calcium excreted varies widely among persons consuming

self-selected diets.

2.6.3.1 Calcium

Urinary calcium excretion rises with calcium intake (52). Studies show that an

average of 6 - 7% of dietary calcium intake is excreted in the urine (45, 46).

Changes in dietary calcium appear to alter urinary calcium excretion by altering

13



both the filtered load of calcium and secretion of PTH (45).

2.6.3.2 Sodium

Sodium is well known to produce hyercalciuria. High sodium intake results in

high urinary sodium excretion and urinary calcium excretion as there is an

intimate association between renal tubular mechanisms involved in the

reabsorption of calcium and sodium (a0). Each 2300 mg sodium excreted by the

kidney pulls 24-60 mg calcium along with it (5,68,99, 100). Sodium intake is

associated with the bone resorption biomarker, hydroxyproline (5, 68). lt is

postulated that bone loss can be influenced by sodium intake.

2.6.3.3 Protein

There is substantial research reporting increased urinary calcium excretion

with increased protein intake (101-104). Protein-induced hyercalciuria results

from an increase in glomerular filtration rate and renal acid excretion, and lower

fractional renal tubular reabsorption of calcium (105). Previous studies suggest

that loss of calcium occurs when bone is used as a buffer for the acid produced by

the oxidation of sulfur-containing amino acids which have a detrimental effect on

bone health (102, 103). However, whether high protein intake leads to bone loss

and osteoporosis is controversial (BB, 106).

2.6.3.4 Phosphorus

Studies have shown that phosphorus decreases urinary calcium excretion
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(105, 107) regardless of the calcium intake. One study has also shown that the

magnitude of fecal losses of calcium is influenced by phosphorus intake (12). The

increase of calcium loss is of the same magnitude as the concurrent decrease in

urinary calcium. Nevertheless, high phosphorus intake does not alter overall

calcium balance (108) or have adverse effects on calcium metabolism (107, 109,

110).

2.6.3.5 Caffeine

Caffeine-containing beverage consumption may be associated with reduced

bone mass, increased fracture risk and increased urinary calcium excretion (111 ,

112), but the findings have been inconsistent. Studies show that currently

consumed levels of caffeine have no significant effect on bone density in young

teenage women (113, 114) regardless of their calcium intake, and there is no

significant effect of caffeine on calcium absorption, fecal calcium loss or urinary

calcium excretion (115, 116). Evidences have also shown that the reducing effect

of caffeine on calcium absorption is small and the reducing effect can be fully

offset by as little as 1-2 tablespoons of milk. Although all observations implicates

that caffeine-containing beverages is a risk factor for osteoporosis, they have

been only made in populations consuming substantially less than optimal calcium

intakes. There is no evidence that caffeine has any detrimental effect on bone

status or on the calcium economy in individuals who ingest the currently

recommended daily allowances of calcium (1 17).
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2.6.3.6 Potassium

The positive effect of dietary potassium on reducing urinary calcium excretion

is documented in several studies (10, 41, g7). The average effect for all studies

combined was -0.015 mmol urine Calmmol potassium intake. On the other hand,

potassium deprivation (2 mmol/day) was accompanied by increased rates of

urinary calcium excretion (97).

ln summary, calcium balance is a function of calcium intake, calcium

absorption and calcium excretion. ln view of the high prevalence of osteoporosis

and inadequate calcium intake, improving the bioavailability of calcium by taking

into account the influences of many other dietary factors in composition meals

may be a valid nutritional intervention for preventing bone disease.

2.7 Biomarker assessment methods

2.7.1 Balance method

The balance method provides data on apparent absorption and net retention

(4) but is labor-intensive, expensive and imprecise (118). The gut must first be

thoroughly emptied of its contents by drinking a large volume of iso-osmotic

solution. A test meal containing the nutrient for which bioavailability information is

sought is fed along with a nonabsorbable marker. Several hours later, a second

lavage is performed and the content of the test nutrient in the effluent is measured

(118).

The precision of the output is subject to the influence of colonic bacterial
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action on the nutrient concerned (118). Even under the most rigorous

experimental conditions (animals in metabolic cages), there are inevitable errors

in assessment of intake, including fecal and urinary losses which lead to

overestimation of the amount retained (4).

2.7 .2 lsotope balance method

The isotope balance method involves a single dose of tracer isotope taken as

part of a meal (58). This assessment method is sensitive and reproducible (4,

118), and yields the absolute quantity absorbed, i.e. gross absorption; however,

its limitation is the labeling technique. The exchange between the added calcium

isotope and calcium in the foodstuff can also affect the estimation of calcium

bioavailability (a).

Currently, the most commonly-used technique is a double-label method

which involves a test meal labeled with one Ca isotope ingested and a second Ca

isotope injected intravenously. The isotope concentrations are measured two to

four hours later in the blood, and in a24-36 hour urine collection. The ratio of the

two isotopes is assumed to be equal to the fractional absorption of the test

calcium (4). This technique has been widely used in animals and in humans (56,

119, 120) and the method has been fully validated (121), However, the isotopes

are expensive and not suitable for an observational study.

2.7.3 Urinary increment

The urine increment method is based on the principle that as the serum

concentration of the nutrient rises, the nutrient is no longer utilized by the body
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and is excreted in urine (118). Humans excrete large amounts of calcium in urine

compared to animals. The elevation in calcium lost in urine after acute ingestion

reflects the effectiveness of the calcium load and also the instant absorbability,

which in turn depends on several dietary factors affecting urinary loss of calcium

(4).

The test is simple, fast and inexpensive compared to isotope balance

methods. When comparing bioavailability of calcium among the different

combinations of food items in usual diets without rigorous controls, urinary

increment is the most cost-effective.

2.8 Dietary assessment methods

There is a growing concern about the relationship between diet and disease

risk in nutritional epidemiology. More importantly, considerable evidence supports

a significant relationship between calcium intake and bone health (53, 122-124).

The need to develop a cost-effective method for identifying the individual who has

insufficient calcium intake and may be susceptible to developing poor bone health

has become important in both clinical practice and research.

A wide range of methods can be used for dietary assessment of individuals or

groups of people. ln general, the choice of method depends on the objectives of

the study, characteristics of the study population, the foods or nutrients of primary

interest, the time frame and the available resources (18).

2.8.1 Dietary record

ln this method, respondents are taught to describe and record an estimate of
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the weight of foods and beverages consumed. Consumption is determined by

weighing or estimating using household utensils. ln general, a record of 3 days,

randomized to cover seasonal and weekday variation, is recommended to get

information on mean food consumption and its distribution in a group of

individuals (15, '18).

The dietary record is fairly accurate with respect to the foods consumed. lt

does not rely on a respondent's memory; however, it does require good

cooperation on the part of the respondents since there is a high participation

burden. Habitual eating patterns may be influenced or changed by the recording

process. The reliability of records often decreases over time because of

respondent fatigue (1 B).

2.8.2 24-hour dietary recall

The 24-hour dietary recall is used widely in large surveys of food

consumption. Through a systematic repetition of open-ended questions, the

investigator asks each subject to recall and describe the type and quantity of all

food and drink consumed in the 24 hours prior to the interview (15, 18).

The principal advantages of the 24-hour recall are its speed and ease of

administration. A large number of subjects can be interviewed with a minimum of

resources and non-compliance. Only a small amount of information is required

from each participant, so this assessment method is popular; however, to

estimate the usual intake of an individual, multiple of 24-hour dietary recalls are

needed because of day-to-day variation. Depending on intra-subject variability, I -

79 days of food records are required to estimate (within 10% - 30%) the true
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mean calcium for an individual (125).

Although intra-individual variability can be overcome by obtaining repeated

24-hour recalls, the advantages in terms of cost and convenience are quickly lost

and other techniques become more attractive.

2.8.3 Food frequency questionnaire (FFQ)

The food frequency questionnaire (FFQ) may provide a practical, low-cost

tool for assessing usual consumption patterns in large groups of people and is

widely used for ranking and providing quantitative information on individual

intakes (126). The FFQ is a dietary assessment tool frequently used in

epidemiologic cohort studies. The questionnaire is designed to assess usual

eating habits over recent months or years, and consists of a list of foods most

informative about the nutrients or foods of interest. The respondents may have to

rank only the frequency of consumption (15, 18). A number of FFQs have been

specifically designed to measure calcium intake and have been validated for use

in some populations (127, 128); however, the performance has varied.

The main advantages of FFQs are their ease, uniformity of administration

and low cost. However, the development of the food list is crucial to successful

and reliable data collection. The FFQ does not assess intakes of all available

foods since the foods listed are limited to specific categories considered to be the

major contributors to the nutrient(s) under study (15). A valid FFQ needs to be

culturally sensitive for the evaluation of dietary patterns in different populations

(12e).

There are many disadvantages inherent in the FFQ. When the assessment
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requ¡res a precise quant¡fication of nutrient intakes, frequencies of consumption

are limited to capture all food sources of a nutrient quantitatively.

To investigate the bioavailability of calcium, a cost-effective dietary

assessment tool which consists of a comprehensive food list, provides precise

quantification of various nutrient intakes, and shows day-to-day intake variation, is

crucial to facilitate the understanding of the interaction between nutrients, calcium

content and bioavailability of calcium in a meal (17).

2.8.4 Food Choice Map

The Food Choice Map (FCM) is a visual record (or map) which consists of

two related tools: an A3 size piece of paper with grid lines, and a set of generic

food pictures (19). Subjects are asked to consider the foods they eat often in a

usual week, followed by questions about the meal or snack times and the

frequencies of consumption. The subjects are asked to create a visual record of

food frequencies by placing the food symbols vertically to reflect the time of day of

consumption, and horizontally to reflect the frequency of meal consumption in a

usual week (ranging from 1 to 7).

One study, conducted with 22female respondents who participated in both a

single 24-hour recall and FCM intervieq showed that the 24-hour recall included,

on average, fewer than half the foods reported in the FCM (19). Both FCM and

24-hour recall records showed the same or adjoining frequency rank for the most

frequently-occurring foods. Since both dietary assessment tools identified the

same nutritionally-important food patterns, it appears that both tools capture the

same general effects of the physical environment, social situations and personal
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preferences.

As the FCM interview progresses, respondents recognize their own

connection between perceptions and dietary pattern. At any time, participants

may correct details they have already recorded which increases the internal

validity (130). The information gathered from the FCM is similar to the

commonly-used food frequency questionnaires or seven-day recalls as it

assesses a usual dietary intake over 7 days. The FCM can show day-to-day

variations in food choice, while a single 24-hr recall does not. The respondent's

participation in creating the visual map can ease the respondent burden and

maintain high internal validity.

Since the FCM has the combined advantages of both 24-hour recall and FFQ,

the FCM could be a better potential tool for assessing the bioavailability of

calcium if this method also incorporates a precise quantification method and a

comprehensive list of foods.

2.9 Pattern analysis

Food pattern analysis is defined as nutritional variables grouped into a

smaller number of variables through statistical manipulation and evaluated a

posteriori (13). Foods are consumed in a number of combinations, providing a

range of nutrients which interact in complex ways (131). The traditional approach

fails to account for intercorrelations (collinearity) (13, 130). Multivariate

methodologies, like cluster analysis, can identify food patterns that differentially

predict disease risk and generate tangible dietary advice (13, 14, 132).
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2.9.1 Cluster analysis

Cluster analysis has been used to define dietary exposures and to examine

the association between patterns and disease outcomes or biomarkers (13, 14,

131, 132). K-means clustering is a nonhierarchical clustering algorithm which

does not involve a treelike construction process. lt assigns objects to clusters

once the number of clusters to be formed is specified. Nonhierarchical methods

are less susceptible to outliers than hierarchical data methods (133).

2.10 Discussion

Even though many studies have reported that there are significant nutrient-

nutrient interactions in calcium absorption and calcium excretion, none of these

studies has reported the total influence of each dietary factor acting in

combination on the bioavailability of calcium. Existing knowledge of the specific

factors associated with poor calcium absorption and increased calcium excretion

must be made more accessible for individuals and health service providers to

educate individuals to make better food choices. Since the concept of

bioavailability of calcium is not included in food composition tables, the calculated

calcium intake, derived from food tables, does not reflect the actual intake of

available calcium. Health professionals cannot efficiently identify those at risk for

low calcium status because the actual intake of available calcium cannot be

calculated.

Traditionally, health professionals have relied on 24-hour recalls and FFQs to

assess dietary information. Potential errors, including overestimation of dietary
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intake, respondent burden, limited food lists, and inter/intra-variability inherent in

these two dietary assessment tools can hinder the understanding of the

relationship between diet and disease. Thus, 24-hour recall and FFQ are not ideal

for assessing the range of nutrients that can potentially interact with calcium.

Dietary intakes cannot be studied in isolation. lnstead, diet both affects and is

affected by lifestyle and sociodemographic factors. Without a thorough

understanding of those lifestyle and sociodemographic factors, dietary advice

may be meaningless.

Calcium balance is a function of calcium intake, calcium absorption and

calcium excretion; therefore, when considering the prevalence of osteoporosis

and inadequate calcium intake, improving the bioavailability of calcium in food by

taking into account the influence of multiple dietary factors on each of these

functions is preferable and may promote better dietary advice in the future. A

study of individual intake patterns with the combination of dietary factors,

assessed by the newly-developed dietary assessment tool, the Food Choice Map

(FCM), is proposed to estimate the amount and bioavailability of calcium in the

regular diet, and to record the reasons for choosing high calcium-containing

foods.
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3. INFLUENCES OF DIET REPORTED BY YOUNG WOMEN ON THEIR

CALC¡UM EXCRETION

3.1 lntroduction

Nutrition plays an important role in protection against osteoporosis. Optimal

calcium intake is necessary throughout an individual's lifetime to maximize peak

bone mass, to maintain adult bone mass, and to minimize bone loss in later years

(134). Variations in calcium nutrition early in life may account for as much as a 5 -

10% difference in peak adult bone mass and is projected to account for a

difference of 25 - 50% in hip fracture risk later in life (3). Prevention of

osteoporosis through dietary means would clearly be desirable.

lncreasing calcium intake is an essential component in the management and

prevention of bone disease since dietary calcium consumption for a large

segment of Canadians, especially women of all age groups, remains inadequate

(22). Studies have reported that there are significant nutrient-nutrient interactions

in calcium absorption and calcium excretion (4-12); therefore, optimizing calcium

absorption and its retention in the body may be important when dietary calcium

intake ís inadequate.

The specific dietary factors associated with poor absorption and increased

excretion are not easily accessible to consumers or health service providers. This

knowledge may translate into more effective dietary advice through identifying the

food pattern (13, 131) and reasons for food choices by the individual (20).

More importantly, it is crucial to assess dietary intakes effectively using a
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dietary assessment tool which is as cost-effective as a 24-hour recall, and can

elicit multiple days of usual dietary intakes (19), and can be used to provide

guidance to optimize calcium intake and to improve calcium absorbability and

retention. Because of the limitations inherent in 24-hour recalls and the FFQ,

including inability to quantify usual dietary intakes, overestimation of dietary intake,

respondent burden, limited food lists and inter/intra-variability (15, 18), these

commonly-chosen dietary assessment tools may not be optimal for assessing the

range of nutrients which can possibly interact with calcium.

To improve the effectiveness of dietary advice on preventing bone loss

among adult females at an early stage of life, the newly-developed dietary

assessment tool, Food Choice Map (FCM), is proposed for measuring individual

meal patterns with a combination of dietary factors. The FCM may help to

elucidate the relationship between calcium excretion and estimates of calcium

available for absorption from usual diets as well as the reported reasons for

choosing high calcium-containing foods.

3.2 Objectives

1 . to interview young women, aged 20-25 years old, about their food intake and

estimate both the calcium content and the calcium available for absorption

from these diets;

2. to estimate urinary calcium excretion in these same young women, and

determine the association between calcium intake and excretion;
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3. to record the major reasons that young women report for choosing high

calcium-containing foods choices, thus providing a context for the results and

a basis for dietary advice;

4. to make recommendations to health service providers on the use of the FCM

(Food Choice Map)for estimating bioavailable calcium in the diet and as a

basis for nutrition education.

3.3 Hypothesis

It is hypothesized that the estimated calcium absorption from the full range of

dietary factors in a meal accounts for more of the variability in urinary calcium

excretion than dietary calcium intake alone.
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4.1 Subjects

A sample size of at least 100 subjects was considered adequate to detect a

difference of at least 100 mg Ca between the estimated calcium intake and

bioavailable calcium with B0% power. The standard deviation in calcium intake

and bioavailable calcium was assumed to be 350 mg.A one sample paired t-test

was used to estimate the sample size. With an anticipated 20% dropout rate, 120

healthy young female subjects aged 20-25 years who had similar physiological

status (non-pregnant, non-diabetic, non-obese, BMI < 30 kg/m2, non-smoking,

alcohol consumption no more than 3 ozlwk, and not taking any medication which

might affect calcium metabolism) were recruited from the University of Manitoba

campus through advertisements posted in university spaces and through in-class

recruitment.

All potential subjects underwent a screening interview to obtain basic health

information. Height and weight were measured in light clothing and without shoes

by stadiometer and digital scale to the nearest 0.1 kg during the screening

4. METHODOLOGY

interview. Body mass index (BMl) was calculated as kglm2. To minimize

confounding factors, potential subjects were excluded if they were taking

medications known to affect calcium metabolism (e.9., glucocortoids and

nonsterodial anti-inflammatory medication), were currently smoking; were lactose

intolerant; were engaged in daily, intensive endurance physical exercise or impact

loading activities; had an alcohol intake > 3 ozlwk, had an eating disorder,
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amenorrhea, nephrolithiasis, renal, gastroíntestinal or bone disease.

All subjects gave informed consent to the procedure and the research was

approved by the Joint-Faculty Research Ethics Board. Each subject was given an

identification number and was scheduled for two dietary interviews and two urine

collections. Subjects were asked to bring in any dietary supplements on their first

scheduled dietary interview.

4.2 Data collection: general approach

The data collection was carried out between mid-October 2004 and early

April 2005 to minimize seasonal variation in serum 25(OH) D. Subjects were

asked to participate in two data collection cycles, one month apart. An interval of

one month was chosen to reduce any memory influence of one on another.

Each cycle included a dietary assessment interview that lasted

approximately 45 minutes, and a collection of a 24-hour urine sample. An

honorarium was given to subjects for completing each data collection, and

nutrient reports were given to the subjects at the end of the second dietary

interview as motivation to participate in and complete both data collection cycles.

Emails were sent to remind subjects to complete their sample collections and

attend the FCM dietary interviews.

4.2.1 Dietary interview

Dietary interviews were conducted by a trained interviewer in a private

room on campus which had a table for the assessment and discussion activities.
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A set of interview questions, based on the previous FCM interview (19), were

modified and developed for the dietary interview in order to prevent any bias.

To start the interview, the subjects were asked to consider a food that they

often ate, followed by questions about the meal or snacks in which the food

occurred. Questions then concerned other foods eaten at the same meal times,

and the answers described common combinations of foods for meals and snacks,

including alternatives, in a usual week. Each food was associated with the

frequency of consumption in a usual week. Food eaten less than once a week

was recorded if it was important to the subject, but not part of the major food

pattern. Subjects were encouraged to participate in creating a visual map of food

frequencies by placing food symbols (a generic picture of the food) on a map with

grid lines (19). On the visual map, food symbols were placed vertically in the

place to reflect the time of day of consumption, and horizontally in the place to

reflect the number of days in a usual week from 1 to 7.

Afood portion book (135), which contained approximately 110 life-size food

photos, was used to help subjects quantify the portion size. lt contained food

items, each with small, medium and large portions, and photos of different

measures such as cups, spoons and scoops. Subjects were asked to choose the

photos that represented their portion size, or indicate if they consumed more or

less than the amount shown in the photographs. Subjects were also encouraged

to describe the portion size in other measures, such as by weight (grams).

Additional questions related to high calcium-containing foods, perceptions,

knowledge and other aspects of interest to the subjects were included. During the
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FCM interview, subjects could add or change items at any time, as prompted by

later recall of time and occasion, which added memory cues and increased the

opportunities for subjects to remember and report additional foods. These

techniques also allowed both subject and interviewer to verify that answers were

consistent (19).

The use of dietary supplements was determined by asking questions about

dose and frequency of use of multivitamins, specific vitamin and mineral

supplements, and antacids with calcium. Most subjects completed the dietary

interviews within approximately 45 - 60 minutes.

4.2.2 Urinary sample collection

Urine samples were collected in 4-L plastic containers during a 24-hour

period when subjects consumed their usual diets. Subjects received written and

verbal instructions on the technique for collecting 24-hour urine samples. On the

first morning of the urine collection, subjects were asked to discard the first urine

specimen and then to collect all urine for the next24 hours, up to the first urine

specimen of the next day. They were asked to bring the urine collections to the

laboratory on the same morning after completing their last collection.

4.2.3 Analysis

4.2.3.1 Dietary analysis

The modified FCM consists of two components: a set of magnetic food

symbols and an A3 sized magnetic board with grid lines representing time of day

and frequency of consumption during the day.
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Foods symbols were grouped into B categories on the basis of eÍther physical

composition (dairy and fruit) or cultural use (staple, drink). Each food symbol

represented more than one food item. After speaking with students on the main

campus of the University of Manitoba, a number of international and ethnic foods

were added to the database to reflect the multicultural Canadian society and the

diets of people on campus.

The computerized dietary analysis system used codes for frequency, time of

day, food category, food item and portion size (136). A meal code was used to link

food items that were eaten in a combination. The collected dietary information

was entered into the dietary analysis system either by scanning the attached code,

typing the code or entering the weight in grams of the food. The code entries

allowed the dietary analysis system to calculate the appropriate proportion of

nutrient intakes.

The nutrient database contained 1429 food items and incorporated nutrient

information from the Canadian Nutrient File 2001b (CNF) (137) to reflect the

Canadian food intakes. The CNF was supplemented with values from the US

Department of Agriculture (USDA) (138). Because there was limited oxalate

information and no phytate information in the existing CNF, oxalate and phytate

values for other commonly-consumed food items were supplemented from the

scientific literature. The phytate values were based on published data (93, 94,

139-143) and oxalate values were from USDA and published data (90, 144-151).

When values of phytate and oxalate could not be found in the literature, values

from foods of similar composition were used. For composite dishes, content was
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estimated using recipes or manufacturer information.

Each subject's average daily nutrient intake was derived using the CNF

accessed by the dietary analysis program. The nutrient intake per meal was

calculated for each meal code at each time of the day of consumption, e.g.

calcium intake per meal = (calcium content of foods) x (frequency) x (the amount

of foods consumed). Daily nutrient intake from food over 7 days was calculated as

the sum of the products of the nutrient content of the foods in each meal and then

divided by 7. The total daily nutrient intake was calculated by adding the daily

nutrient intake (mg/d) from food to the daily intake from vitamin/mineral

supplements (mg/d). The main nutrients studied included carbohydrate (g), fat (g),

protein (g), calcium (mg), vitamin D (lU), oxalate (mg), sodium (mg), phosphorus

(mg), potassium (mg), caffeine (mg), phytate (mg), and energy (kcal). Nutrient

data were recorded per 100 g edible portion of the food.

Density value of each food item was also incorporated into the program,

determined according to the available information from USDA and our laboratory

measurements. These values allowed for ease in entering the amount of food in

terms of either weight (g) or volume (ml).

4.2.3.2 Pilot testing

A pilot test using five subjects was conducted before the actual study. All the

procedures that were to be carried out in the main study were included to discover

any aspects of collecting, coding, and entering data likely to cause problem. As a

result of the pilot test, adjustments were made on food items, technique for
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entering data, and procedure for collecting dietary information. The issue of

calcium-rich mineral water was specifically addressed because water is a relevant

source of calcium.

4.2.3.3 Biomarker analysis

The volume of each 24-hour urine collection was measured and an aliquot

was stored at -80'C. The aliquot samples used for the calcium and sodium

analyses were acidified with 5% nitric acid for 250 ul urine overnight and 9.5 ml

deionized water was added into the solution the next day. The mineral analyses

were conducted by the Geology laboratory at University of Manitoba using

lnductively Coupled Plasma (lCP) for analysis of calcium and sodium.

Urine samples collected from each subject were also analyzed for creatinine

to assess the completeness of urine collection. The creatinine was analyzed

using a commercial creatinine kit (Cayman Chemical Creatinine Assay) based on

the Jaffe reaction. Total urinary creatinine excretion was calculated by multiplying

the concentration of creatinine in urine (mmol/L) by the 24-hour urine volume (L).

The result was expressed as mmol/kg/day and compared with the published

values for urinary creatinine excretion per kilogram body weight in female

subjects, 20-29 years old (0.11 - 0.24 mmol/kg/day) (152). The samples were

excluded if there was incomplete collection which was defined as 75%-125o/o of

selected creatinine index.
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4.3 Statistical analysis

All statistical analyses were performed with Number Cruncher Statistical

Systems (NCSS) (153). Nutrient results were reported as mean (t SD), or as

percentages (%), unless othen¡vise stated. Logarithmic transformations were used

to normalize skewed data. Vitamin D and phosphorus intakes could not be

normalized by logarithmic transformation, and therefore a square root

transformation was used. Student's t-tests and Pearson's correlation coefficients

were used for normally-distributed data. A P-value of less than 0.05 was

considered statistically significant. Differences between the first and second data

collection were compared first by paired t-test and second by the technique

described by Bland and Altman (154) usíng the average mean energy intake and

the difference of energy intakes from FCMl and FCM2.

Subgroup analyses were performed by ethnicity, use of nutritive supplements,

oral contraceptives, family history of osteoporosis, and academic history of taking

nutrition courses. Subgroup analysis included t-tests, ANOVA and chi-square

tests. Because of the small number of Hispanic, Black and other ethnicities, these

three groups were combined.

The accuracy of dietary calcium and sodium intake values was validated by

performing correlation and regression with intake values against urinary calcium

and sodium excretion in the subset with complete urine samples. Calcium,

sodium, protein and phosphorus were selected as input variables for cluster

analysiswhenP<0.10.

The meal dataset was analyzed by K-Means cluster analysis. To determine
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the number of clusters, a first run was conducted in which the number of clusters

was varied from two to ten. The preferred number of clusters was chosen using

75o/o the minimum percentage of the within sum of squares and number of cluster

showing stability in sum of square in 3 random starts. A second cluster analysis

run was performed to derive the cluster means. The number of clusters and the

urinary calcium excretion were examined by an error bar plot. The mean values

were compared by using ANOVA with Tukey's test for repeated comparisons.

A composite model for estimating calcium absorption incorporating meal

calcium content can be succinctly stated as follows:

Fractional calcium absorption (AbsFx) = 0.889 - 0.0964 log (n) Ca (mg)

Absorbed ç¿ = (Ca contenVmeal) x (AbsFx)

Absorbed calcium is the fraction of ingested calcium that is absorbed by the

body. The formula for fractional absorption (AbsFx) is obtained from published

literature and reflects the inverse relationship between the size of ingested

calcium load and fractional absorption in healthy adult women (80).

To determine the strength of association, linear regression was performed

between estimated dietary and total calcium absorption and the urinary calcium

excretion. A separate linear regression was performed between the estimated

calcium absorption and urinary calcium excretion within each cluster. Since the

excretion values could not be normalized by using log and square root

transformations, one over square root was used to transform the urinary calcium

excretion within each cluster.

CARTTM, Classification and Regression trees, software (155) was used to
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construct a classification tree by submitting 4 dietary variables (sodium, protein,

calcium and phosphorus) as candidate variables on which to discriminate 1188

meals dataset with respect to the distinct combination of dietary contents that

jointly influenced urinary calcium excretion. CART is a robust decision-tree toolfor

predictive modeling and data preprocessing. Briefly, the tree-building process

searches for important patterns and relationships in complex data. The

methodology is known as binary recursive partitioning. The process is binary

because parent nodes are always split into exactly two child nodes and recursive

because the process can be repeated by treating each child node as a parent

(156). The Gini diversity index is used to identify the cut-point that achieves the

best separation of the two groups. The optimal tree was determined based on the

lowest probability of misclassification.

Subjects'reasons for choosing high calcium-containing foods were identified

by generating preliminary codes for use in the initial stage of analyzing the data.

The final codes, representing the reasons for choosing high calcium, were

developed after grouping similar responses from the data and refining the

preliminary codes (1 57).
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5.1 Subject characteristics

A total of 114 potential subjects responded to recruitment. Of the 114

potential subjects, 7 subjects were excluded because 4 were obese, 1 smoked, 1

consumed more than 3 ozlwk alcohol, and 1 was taking medication affecting

calcium intake. Five additional subjects dropped out for personal reasons before

completing the study and were excluded. Afinal study cohort of 102 subjects

completed the study.

The characteristics of the 102 subjects who completed the two data collection

cycles are shown in Table 1.

Table 1 The characteristics of subjects by ethnic origin (n = 102)

5. RESULTS

No. of subjects
Meanage+SD 21.4011.63 21.4811.50 22x1.41 21.38t1.58
Mean weight t SD (kg) 60.02 t7.04 57.23 t 6.90 59.18 t 6.99 59.23 !7.04
Mean Height t SD (cm)" 164.72t6.17 158.35 t7.12 160.09 t 6.84 162.69 t7.02
Mean BMI (kg/m2) 22.15 t2.66 22.87 t 2.66 23.18 l-3.22 22.43 t2.71
No. of subjects:
taking oral contraceptive b 40 (59.70%). 1 (3.85%) 2 (22.22o/o)
had family diagnosed with
osteoporosis 7 (10.45o/o) 1 (3.85%) 0
taking vitamin supplement 21 (31.34%) 5 (19.23o/o) 2 (22.22%)
had taken nutrition course " 40 (59.70%) 8 (30.77%) 4 (44.44%)

White

a P s 0.001 according to ANOVA
b P < 0.001 according to chi-square
" P < 0.05 according to chi-square
*Percentage was calculated by number of subjects by ethnic origin divided by
total number of subjects in that ethnic origin

Age, weight and BMI of the subjects did not differ significantly among ethnic

origins, but there was a highly significant difference in mean height (P = 0.001). A

3B

67
Asian
26

Others Total
102

43

I
28
52



significantly higher proportion of White subjects were taking oral contraceptives (P

< 0.001) and had an academic history of taking a nutrition course (P = 0.04) than

the Asian and Other ethnicity groups. Subjects who had either an academic

history of taking a nutrition course or family member diagnosed with osteoporosis

did not show a significantly different use of nutritive supplements compared to

subjects with no academic history of taking a nutrition course (P = 0.31) or

subjects with no family member diagnosed with osteoporosis (P = 0.14).

5.2 Nutritive supplements

Of the total 28 nutritive vitamin supplement users, 7 were taking more than

one supplement. Multivitamins were the most commonly reported nutritive

supplements (35.9 %), while calcium (5.13%) was the second least commonly

reported among all reported nutritive supplements (Figure 1).

One average, a single calcium tablet provided a higher amount of calcium

(350 mg + 125 mg) than a single multivitamin (192 + 132 mg). Multi-vitamin

supplement use was not as common for Asian and Other nutritive supplement

users as for White nutritive supplement users. On the other hand, vitamin C,

vitamin 850, iron and other non-nutritive supplements were more commonly

reported by Asian and Other supplement users. The White nutritive supplement

users were more likely than other ethnic groups to take supplements calcium.
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Figure 1 Percentage of reported nutritive supplements by ethnic origin

5.3 Dietary intakes

Dietary mean intakes from FCMl and FCM2 of 102 females were averaged

(Table 2). The energy intakes from FCMI and FCM2 were 1965.11 + 504.93

kcal/day and 1BBB.24 ! 552.73 kcal/day respectively, with P = 0.10 for the paired

difference. From FCMl and FCM2, the mean dietary percentages of energy from

protein were 18.14Yo and 18.54o/o, from fat were 29.06% and 27.42% and from

carbohydrates were 57.23Yo and 57.58% respectively. All values were within the

Acceptable Macronutrient Distribution Ranges (AMDR) of '10 - 35% of protein, 20

- 35% of fat and 45 - 65% of carbohydrate (158). Between the two FCMs, the daily

dietary mean intakes were generally lower in FCM2. There was a significant mean

difference between FCM 1 and FCM 2forfal (P= 0.0098); calcium (P=0.0202);

phosphorus (P = 0.0396); and sodium (P = 0.0036).
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Table 2 Mean (tSD) of energy and dietary intakes (n = 102)

Dietary intakes

Energy intakes (kcal)
Protein (g)
Protein (% energy)
Fat (g)
Fat (o/o energy)
Carbohydrate (g)
Carbohydrate (% energy) 57 .23 t 8.42
Caffeine (mg)
Fiber, total (g)
Calcium (mg)
Phosphorus (mg)
Potassium (mg)
Sodium (mg)
Vitamin D (lU)
Phytate (mg)
Oxalate (mg)

FCMl

1965.11 r 504.93 1888.24 ! 552.73
86.93 r 23.95
18.14 13.87
64.27 t28.43
29.06 !7.43

..Based on log-transformed values
Based on square root transformed values

"P<0.05

280.80 * 79.60 271.18 ! 87.71

FCM2

97.13 r 135.86 92.42!146.46
21 .72 r 9.88

The difference in mean energy intake between FCMl and FCM2 was 76.88

kcal/day and the calculated 95% limits of agreement was 76.88 t 1.96 x 472.16

kcal/day, a range of -867 .44 to +1021 .2 kcallday (Figure 2). lf the two FCMs

showed a high degree of agreement, then the points would all lie close to or on

the line of zero difference in FCMs energy (kcal/day); however, we did not find the

data points in close agreement. A range of more than 1800 kcal/day cannot be

considered acceptable for the quantitative assessment of individual energy intake.

As most of FCM2 were administered during the period of mid-term tests and final

exams, it was strongly believed that subjects had underreported their usual

consumption in the FCM2 because of stress. Even though the methodology for

administering FCMs was exactly the same, the recall of usual past diet from

FCM2 would have been influenced by recent consumption other the methodology

error. Therefore, only the dataset from FCMl was used for further analysis.
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1118.55 r 549.94 1026.28 r 478.85
1509.03 r 501.55 1424.62 r 501.25
3504.46 r 930.55 3386.55 r 1096.32
2927.41 t 1100.21 2648.88 ! 1102.44
146.36 t 117 .96 137 .45 t 113.84
1110.29 !694.32 1144.85 r 900.70
587.43 t 366.31 561.94 !358.22

85.32 x26.57
18.54 t 4.56
59.01 t 26.68
27.42 ! 6.74

57.58 r 8.59

P-value

20.47 t 10.82

0.1032
0.5586

0.0098"

0.1645

0.4070'.
0.0655'
0.0202''
0.0396.'"
0.2112
0.0036 "
0.2546"
0.6316'
0.3451-
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Figure 2 Differences against mean for the energy intakes from 2 FCMs (95o/o

limits of agreement -867.441o +1021.2 kcal/day)

Although the assessed mean dietary calcium intakes from the FCMs were

over 1,000 mg/day, only about half of the subjects (52.94o/o) were actually at or

above the Al for dietary calcium intakes (Table 3). Only 25.49% and 32.35% of

subjects were at or above the requirement of dietary vitamin D and fiber

respectively. A very small proportion of subjects (12.75%) met the potassium

requirement. The majority of subjects were in the range of recommended protein

and phosphorus intakes. Two thirds of the subjects had carbohydrate and fat

intakes at the recommended ranges. After adding nutritive supplements to dietary

intakes, about 3% and 12o/o more subjects met the calcium and vitamin D

requirements. The use of nutritive supplements increased the proportion of

subjects meeting the DRl, but a large proportion of subjects still had inadequate

intakes of calcium and vitamin D.

oQoI
qc

otÞ
o

Average energy by two FCMs, (kcal/day)

oø

oo€o

1250.0

o
%

o

2000.0 2750.0 3500.0

42



Table 3 Percentages of subjects meeting the Díetary Reference lntakes (DRl)
and exceeding the Tolerable Upper lntake Level (UL) (n =102)

Protein**
Carbohydrate** 45-65Yo 74.51%
Fat**
Fiber, total (g) 25 32.35Yo
Calcium (mg) 1000 52.94o/o 55.88%
Phosphorus (mg) 700 99.01% 99.02%
Potassium (mg) 4700 12.75% 12.75%

(AMDR/ Dietary Total intakes UL
RDAs/ intakes (dietary +

Al) * Meeting supplement)
DRI (%) meetinq DRI (%)

Sodium (mg) 1500
Vitamin D (lU) 200

10-35% 99.02o/o

*Acceptable Macronutrient Distribution Ranges (AMDR): protein = 10-35% of
energy from protein; carbohydrate = 45-65% of energy from carbohydrates; fat
=20-35o/o. Recommended Dietary Allowance (RDA) for phosphorus = 700 mg/d.
Adequate lntakes (Als) for fiber = 25 gld; calcium = 1000 mg/d; potassium = 4700
mg/d; sodium = 1 500 mg/d and vitamin D = 200 lU/d (1 59-161 ).** Macronutrients are derived from % of energy

For two subjects (1.96%), total calcium intake exceeded the Tolerable Upper

lntake Level (UL); one because of excessive dietary intake, and the other

because of multiple nutritive supplements. A remarkably high percentage of

subjects (67.65%) had sodium intakes above the Al and exceeded the UL of 2300

mg.

The mean dietary calcium and vitamin D intakes were significantly different

among the three ethnicity groups (Table 4). White subjects had the highest dietary

calcium intakes (1317.59 t 552.47 mg/day) compared with Asian and Other

(658.66t 265.73 mg/day and 965.39 t 184.18 mg/day) respectively. There was a

highly significant effect of ethnicity (P < 0.001) on the mean intakes of both dietary

and total calcium and vitamin D.

20-35o/o 75.49%

89.22%
25.49% 37.25%

Dietary Total
intakes intake >
> uL (%) uL (%)

2500 0.98% 1.96%
4000 0% 0%

2300 67.65%
2000 0%

43



Table 4 Mean (tSD) of selected nutrients from FCMI by ethnic origin (n =102)

Dietary calcium (mg/d) 1317.59 t552.47 658.66 t265.73 965.39 t 184.18 <0.001 a

Total calciums (mg/d) 1387 .21 t 581 .20 663.47 t 267.55 965.39 t 184.18 <0.001 "
Dietary vitamin D (lu/d) 181.93 ! 121.72 79.78 t74.76 76.25 t 75.09 <0.001 '"
Total vitam¡n Dss (lu/d

Based on square root transformed values
s Total calcium = dietary intake + supplement
ss Total vitamin D = dietary intake + supplement
" P < 0.001

White (n = 67) Asian (n = 26) Others (n = 9) P-value

An academic history of taking a nutrition course was found to have significant

influence on dietary calcium (P = 0.0064), total calcium (P = 0.0238), dietary

vitamin D (P = 0.0055) and total vitamin D (P = 0.0323) (Table 5). There was no

significant effect of ethnicity and academic history of taking a nutrition course on

dietary calcium (P = 0.231) and total calcium intake (P = 0.243) according to

2-way ANOVA. The mean calcium intake was not significantly different between

subjects with or without a family history of osteoporosis (P = 0.99).

Table 5 Mean (t SD) of selected nutrients from FCMI by whether has taken
nutrition course before with the result of t-tests (n =102)

241 .48 r 185.05 86.37 r 83.48 76.25 r 75.09 <0.001 '"

Dietary calcium (mg/d) 1262.47 t 618.81
Total calcium (mg/d) s

DietaryDietary vitamin D (lu/d) 175.47 x 126.43
Totalvitamin D flu/d)ss 213.44 r 168.58
Based on square root transformed values

s Total calcium = dietary intake + supplement
ss Total vitamin D = dietary intake + supplement
"P<0.05

Taken nutrition
course (n=52\

Of the 21 White nutritive supplement users, there was a significant mean

calcium difference between intakes from food alone and total calcium intake (P =

0.017). There was also a significant mean vitamin D difference between the

intakes from food alone and the total vitamin D intakes (P = 0.0034) (Table 6).
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1293.24 ! 619.12

No nutrition course
(n=50)

968.88 ! 424.25
1032.67 t 520.66
116.09 r 101 .05
160.27 ! 176.74

P - value

0.0064 "
0.0238 "
0.0055-"
0.0323."



Table 6 Mean (t SD) of both dietary and total calcium and vitamin D intakes by ethnic origin

Calcium (mg/d)
Users 1174.51 i 401.60 1396.1 5 ! 547.764 672.66 t 197.81 697.66 t 209.03
Nonusers 1382.92 r 601 .72 n " 655.32 r 283.51 n 

"
Vitamin D (lu/d)
users 155.16 + 123.53 346.19 t252.35b 98.25 r 41.20 132.53+ 89.93n"
Nonusers 193.70 + 120.30 n'" 75.38 t g0.22 n 

"

lntake from food
alone

* Of 67 White subjects, 21 were supplement users and 46 were non-supplement users** Of 26 Asian subjects, 5 were supplement users and 21were non-supplement users*** Of 9 Others subjects, 2 were supplement users andT were non-supplement users
" Significant difference between the calcium intake from food alone and total calcium intake P < 0.05
b Significant difference between the vitamin D intake from food alone and total vitamin D intake P < 0.01
n'" lnsignificant difference of intake from food alone between users and nonusers

Total lntake food
and allsupplements

lntake from food
alone

Total lntake, food lntake from food
and all alone

923.61 + 208.86 n'" 923.61 r 208.86
977.33 ! 192.91

53.08 t 17.09ns 53.08 r 17.09
82.87 ! 85.08

Total lntake,
food and all
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With respect to nutrient intakes from food alone, White supplement users

had substantially lower dietary calcium and vitamin D intakes compared to

supplement non-users. The lower dietary nutrient intakes of supplement users

might indicate a poor dietary pattern.

5.4 Urinary biomarkers

The completeness of the urine collection was judged from the creatinine

index (reference interual 75 -125%) and only complete collection samples

were used in the data analysis. Compliance for completing the 24-hour urine

collection was 57.84o/o (n = 59) for the first cycle and 69.61o/o (n =71) for the

second cycle. ïhe within-subject coefficient variation was 14.97 x 12.19o/o (n =

27) with complete collections from both cycles. The mean (t SD) daily urinary

calcium, sodium and creatinine excretions are shown in Table 7.

Table 7 Mean (t SD) of daily urinary excretion of calcium, sodium and
creatinine of 59 and 71 urine samples

Calcium (mg/day) 116.15 t 54.30
Sodium (mg/day) 2764.35 t 989.53
Creatinine (mmol/k9/day) 0.154 t 0.004

'P < o.os

There was a significant correlation between the first and second urinary

calcium (r = -0.3068, P = 0.018), but not urinary sodium (r = -0.0949, P =

0.4744) or creatinine (r = 0.0898, P = 0.4989). The negative correlation was

due to a lower measured calcium and sodium concentration in the second

urine samples.

Of the 59 urinary collections, mean urinary calcium excretion was not

significantly different between oral contraceptive users and nonusers (P =

n=59

105.98 I 57.56 -0.3068
2306.73 t 1014.83 -0.0949
0.165 t 0.005 0.0898

n =71 Pearson
correlation
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0.17). Oral contraceptives use was also unrelated to urinary sodium excretion

(P = 0.88) and urinary creatinine excretion (P = 0.084). The ethnicity had no

effect on the mean urinary calcium (P = 0.483) and urinary sodium excretion (P

= 0.73).

5.5 Relation between the dietary intakes and urinary biomarkers

The relationship between the dietary intakes from FCMl and urinary

biological markers of calcium and sodium based on the 59 complete urine

collections is shown in Table L

Table 8 Simple correlation coefficients between daily nutrient intakes and
daily urinary excretion (n = 59)

Excretion and intake
Sodium excretion, sodium intake (mg/d)
Calcium excretion, total calcium lntake (mg/d) 0.127 0.3377
Urinary CalCr, urinary Na/Cr (mmol/dl 0.558 <0.0001b
aP<0.05
b P. o.oo1

Pearson's correlation shows that there was no significant correlation

between urinary calcium and total calcium intake, but there was a significant

positive correlation between urinary sodium and sodium excretion (r = 0.318, P

= 0.014). There was also a highly significant correlation between

calcium-creatinine and sodium-creatinine ratios (r= 0.558, P< 0.0001).

Simple linear regression of urinary calcium and urinary sodium excretion

with dietary intakes are shown in Table 9 and Table 10.

Correlation P - value
0.318 0.0140"
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ïable 9 Results of linear regression analysis with selected nutrient intakes,
urinary sodium excretion, height and weight and urinary calcium excretion (n =
5e)

Protein (g) 0.0027 1.780 0.060 1.900 0.062
Carbohydrate (g) 0.0005 1.872 0.038 1.498 0.140
Fiber, total (g) 0.0025 1.967 0.143 0.908 0.368
Calcium, total (mg) 0.0001 1 .939 0.027 1.250 0.216
Phosphorus (mg) 0.0001 1.846 0.060 1.902 0.062
Potassium (mg) 0 1.975 0.003 0.434 0.666
Sodium (mg) 0.0001 1.841 0.093 2.418 0.019 "
Vitamin D (lU) 0 2.014 0.0003 0.125 0.909
Urinary Na excretion (mg) 0.0001 1.745 0.223 4.047 0.0002b
Height (cm) 0.0038 1.406 0.017 1.0056 0.319
Weight (kg) 0.00s8 1.679 0.037 1.489 0.142
'Based on logged value
"P<0.05
o P < o.oo1

Urinary calcium excretion*
lntercept Rsq t-value P-value

Table 10 Results of linear regression analysis with selected nutrient intakes
and urinary calcium excretion and urinary sodium excretion (n = 59)

Protein (g)
Carbohydrate (g)
Fiber, total (g)
Calcium, total (mg)
Phosphorus (mg)
Potassium (mg)
Sodium (mg)
Vitamin D (lU)
Urinary Ca excretion (mg)

Urinary sodium excretion
Slope lntercept Rsq t-value P-value

"P<0.05
b P < o.oo1

4.370 2383.38 0.007 0.618
1 .850 2223.94 0.023 1.148
5.970 2644.94 0.003 0.443
0.026 2733.36 0.0002 0.101
0.181 2492.76 0.007 0.611
0.132 2306.42 0.016 0.975
0.280 1881.42 0.101 2.s37
-0.324 2831.17 0.004 -0.482
8.885 1732.34 0.238 4.216

There was a significant positive relationship between urinary calcium

excretion and sodium intake (É = 0.093, P = 0.019) and a highly significant

relationship between urinary sodium excretion and urinary calcium excretion

(f = 0.223, P = 0.0002). However, there was no significant relationship

between urinary calcium excretion and height (f = 0.017, p = 0.319) or weight

0.539
0.256
0.660
0.920
0.544
0.334
0.014'
0.632
0.0001b
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(f = 0.037, P = 0.142). Urinary sodium excretion accounted for 22.3o/o of the

variation in urinary calcium excretion. The relationship of urinary calcium

excretion with protein (É = 0.06, P = 0.062) and with phosphorus (É = 0.06, P =

0.062)just failed to achieve statistical significance.

ln Table 10, urinary sodium excretion was found to be significantly and

positively related to sodium intake (l = 0.1 01, P = 0.014) and significantly

related to urinary calcium excretion (É = 0.238, P = 0.0001).

5.6 Cluster analysis result of meal intakes

Table 11 shows the mean (t SD) of 4 dietary variables for 7 intake pattern

clusters of 1188 meal consumptions identified by the cluster analysis. Of 1188

meals reported by 59 subjects, the majority of the meals were grouped in

clusters 5 and 6. The mean nutrient contents identified in cluster 6 were the

lowest among all of the clusters. The intake pattern identified in cluster 7 had

the highest mean calcium, protein and phosphorus but second highest mean

sodium content. The meals with the highest mean sodium content were

grouped in the cluster 3. The meals grouped in clusters 1 and 7 contained a

comparatively higher phosphorus content.
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Table 11 Mean (t SD) of 4 dietary variables for 7 intake pattern clusters identified among 1188 meals reported by 5g subjects

Dietary variables Cluster 1 Cluster 2
(n = 84) (n = 97)

calcium (mg) 405.67 !74.45 163.87 t 80.65 198.79 t 101.56
Protein (g) 16.84 t 5.21 10.32 t 4.54 17.68 r 8.06
Phosphorus (mg) 384.35 t 55.37 197.82 t 52.84 266.08 t 111.72
Sodium (mg) 298.98 t 139.98 247.971 139.37 978.81 !238.72 524.03 t 165.03

Cluster 3
(n = 45)

Cluster 4
(n = 81)

60.23 t 38.11
6.65 r 3.27
92.47 ! 48.61

Cluster 5
(n = 291)

56.01 r 41.04 17.02!20.14 757.59 t 158.76
4.99 ! 2.29 0.95 10.96 27 .44 t 4.36
82.39 t 29.89 18.43 ! 17.27 783.39 r 231.56
135.37 r 86 35.29 r 44.73 840.67 r 392.38

Cluster 6
(n = 574)

Cluster 7
(n = 16)
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Figure 3 show the mean urinary calcium excretions for the 7 clusters. The

intake pattern for cluster 7 had a significantly lower mean urinary calcium

excretion than for clusters 2,3 and 4 according to Tukey's test. ln addition,

cluster 4 had a significantly higher mean urinary calcium excretion than meals

in cluster 6 and cluster 7.

Cluster 7 had the lowest mean urinary calcium excretion, even though it

also had generally higher mean calcium, protein, phosphorus and sodium

intakes.
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Figure 3 Error bar plot between urinary calcium excretion (mg/day) andT
intake pattern clusters

60.0
1234567

7 lntake Pattern Clusters

51



5.7 Relation between bioavailable calcium intakes and urinary biomarkers

Figure 4 shows no significant association between urinary calcium

excretion and estimated daily calcium absorption, and suggests the possibility

of nutrients binding with the calcium in the intestine and/or an inverse

relationship between size of the calcium load and absorbed calcium (80).
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Figure 4 Linear regression between log calcium excret¡on (mg/day) and
estimated daily calcium absorption (mg/day) (n =59)

Since phosphorus has been reported to have a binding effect with calcium

in the intestine, it is speculated that the high phosphorus content identified in

clusters 1 and 7 may exhibit a calcium binding effect. After eliminating the 13

subjects who had about one-third or more of their meals classified into either

cluster 1 or 7, there was a statistically significant association (É = 0.11, P =

0.022) between urinary calcium excretion and estimated daily calcium

absorption (Figure 5) and between urinary calcium excretion and estimated

daily total calcium absorption (Figure 6) (É = 0.14, P = 0.01). The results show

0.0 500.0 1000.0

Estimated daily calcium absorption (mg/d)
1500.0 2000.0
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that calcium absorption was influenced not only by calcium load but also by the

high phosphorus content meals identified in clusters 1 andT.

rlt
o)
E
L

.9#q)
L
Ox
o)

Ê)'o
G
O
(')
o
J

Figure 5 Linear regression between log calcium excretion (mg/day) and
estimated daily calcium absorption (mg/day) of the 46 subjects after
eliminating 13 subjects who had about one-third or more of their meals being
grouped in either clusters 1 or 7
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Figure 6 Linear regression between log calcium excretion (mg/day) and
estimated daily total calcium absorption (mg/day) (n = 46)
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The 16 meals from the intake pattern cluster 7 (Figure 7) showed a highly

significant negative relationship between urinary calcium excretion and the

estimated calcium absorption from this cluster (1/{y = 0.0008a -0.037, f =

0.89, P < 0.001).

ln general, urinary calcium excretion increased with greater calcium

absorption, as the excess absorbed calcium cannot be stored in the body.

However, our result showed an inverse relationship between calcium

absorption and urinary calcium excretion for the intake pattern cluster 7. The

high phosphorus intakes characterized by the intake pattern cluster 7 possibly

effected a reduction in calcium absorption. Estimated calcium absorption

accounted for almost 90% of the variability of urinary calcium excretion.

Estimated calcium absorption of intake pattern cluster 7 (mg

Figure 7 Linear regression between 1/square root of calcium excretion
(mg/day) and estimated calcium absorption (mg) of the 16 meals identified in
intake pattern cluster 7

5.8 Classification tree

120.0

The detailed results from the classification tree are not shown but

170.0 195.0 220.0
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phosphorus, calcium and sodium were the first, second and third strongest

predictors of pattern cluster membership. One terminal node with 16 meals

essentially defined intake pattern cluster 7 by the split criteria that any of these

meals have more than 571 mg of phosphorus. Other pattern clusters were

similarly defined by different maximum or minimum vales of calcium, sodium

and protein. These definitions were less clear because they showed a cascade

of minima and maxima.

5.9 Perceived intakes

Many subjects appear to determine their calcium status by evaluating their

dairy consumption. Of the 102 subjects,44.12% (n = 45) evaluated their

calcium intake in relation to milk consumption. Many subjects mentioned that

dairy products, especially milk, were a good source of calcium. Fifteen

subjects (14.71%) believed that they were getting adequate calcium when they

actually were not (X'= 7.47, P = 0.024) (Table 12), while 22.55% (n = 23)

worried about their calcium intake but were actually meeting an adequate

calcium intake 24.51o/o (n = 25)were aware that they did not have adequate

calcium intake, and 3.9% (n =5) subjects were unsure of their calcium

sufficiency.

Table 12 Perceived intakes and estimated total calcium intake with result of
chi-square testa (n = 102)

Perception of lntake

Enough
Not enough
Not sure
t X'= 7.47, P = 0.024

The most-frequently reported high calcium-containing foods on the FCM
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High total calcium intake
(>1000 ms)
34 (33.33%)
23 (22.55)
1(0.1%)

Low total dietary
intake (<1000 mq)
15 (14.71%)
25 (24.51%)
4 (3.s%)



were dairy products, including, milk, cheese and yogurt. Non-dairy, high-

calcium containing foods, including broccoli, vegetables, nuts, soymilk and tofu,

were less often reported on the map.

5.10 Perceptions and influences of choosing high calcium-containing foods

Of 102 subjects, 30.39% (n = 31) chose high calcium-containing foods

because they knew that calcium was important for bone health. Other reasons

included taste preferences (12.75%, n = 13), parental encouragement (9.80%,

n =10), general health (5.88%, n = 6) and other reasons (3.92o/o, n = 4)

including losing weight and convenience (Figure 8).

3s.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Figure 8 Most commonly reported reasons for choosing high calcium food (n
=102)

Of the 102 subjects, 43o/o listed the information from the Canada Food

Guide and the food label as influencing their knowledge for making

calcium-containing food choices. Other information sources that influenced

their knowledge included nutrition facts from school (12.75%) and information

bone health taste parental heafthy

preference s enc o wa gement
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from doctors (0.98%). Thirty{hree percent recalled and mentioned media

campaigns from dairy food advertisements and various other commercial

advertisements. They were aware of the media campaigns to increase calcium

intake, the association between calcium and bone health, and the promotion of

certain new high calcium-containing food products.
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6.1 Subjects

Women are a particular target group for osteoporosis prevention since

osteoporosis is a leading women's health problem (1). The female subjects

who participated in this study were a fairly homogenous group of both healthy

and highly educated young women. The recruitment criteria eliminated

smokers, regular alcohol drinkers, lactose intolerant and obese candidates.

Previous studies have documented that the level of education is important in

affecting individual food choices (29) and level of calcium intake (22).

Nevertheless, since the interest of this study was to determine the influence of

a variety of dietary factors on calcium absorption and excretion, it was not

necessary for subjects to be representative of either the Winnipeg or Manitoba

populations.

6.2 Nutritive supplements

6. DISCUSSION

Some individuals believed that optimal nutrition could not be achieved

through diet alone. Among the 3 ethnic origins, more White subjects reported

use of multi-vitamin and calcium supplements to obtain nutrients in addition to

their dietary sources. As a complement to dietary intake, supplementation

effectively enhanced the total mean vitamin D intake and total mean calcium

intake among the White supplement users. However, the use of nutritive

supplements does not improve food choices as calcium absorption and

retention are affected by the combinations of the food item, not the amount of

calcium alone (28). Having the knowledge to make better choices of highly
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bioavailable calcium foods is more preferable to simply supplementing an

inadequate nutrient intake

A previous study has shown that there is only a very small percentage of

individuals with dietary or total calcium intakes exceeding the UL (33). ln this

present study, 2 subjects had total calcium intakes exceeding the UL either

taking a calcium supplement, or taking more than one nutritive supplement.

Exceeding UL increases health risks including possible kidney stone formation

(23).

6.3 Nutrient intakes

FCM was developed to assess an individual's usual dietary intake in a

multicultural Canadian society. The substantial difference between the energy

estimates from FCMl and FCM2 indicated a large within-subject variation

between the two interviews. The method of administering both FCMs was

exactly the same, however, because most of the FCM2 was administered

during the period of mid{erm tests and final exams, it was strongly believed

that subjects underreported their usual consumption in the FCM2 because of

stress and recency effect (15). The recall of usual past diet would have been

influenced by recent consumption rather than learning effect.

The assessed dietary values from FCMl were comparable to other

studies (26,162). The assessed dietary protein and energy intakes from our

study were higher than those found in the Canadian national survey conducted

between 1997 and 1998 (162) in which the mean energy intake and protein

intake were 1871 kcal and 759 respectively for 20-39 years old females (n =

343). ln another nutrition survey conducted in western Canada (26), with 22
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nonvegetarian females aged 20 to 40, the phosphorus intake was 1409 t
47m9, potassium 3,042 t 833 mg, sodium 2789 !757 mg. Our assessed

mean phytate intake was comparable to the other reported values of 1498 t
962 mg and 1070 t 542 mg measured by FFQ and an 11-day weighted dietary

record (163). Because of limited information about assessed oxalate intake,

we could not compare our oxalate intake with any existing information.

The mean dietary calcium intake and total calcium intake in our study

were higher than previously reported studies (22,26, 162). ln the survey

conducted between 1997 to 1998 with 206 Canadian females aged 18-34, the

mean dietary calcium intake was 757 t 358 mg/day and total calcium intake

was 81 2 x 387 mg/day (22). The subjects in our study were recruited from the

campus and thus were educated and health conscious, which likely explains

their moderate to high calcium intake; however, there was still a remarkable

percentage of subjects who consumed inadequate calcium and vitamin D.

lndividuals must recognize their calcium intake inadequacy in order to take

steps to alleviate it, othen¡rise the effort of nutritional preventative measures

may be disregarded as unnecessary by the target group (164).

Previous studies have indicated calcium variation among ethnic groups

(22, 25,67, 165). Caucasians have a higher calcium intake than Asians. Our

study also observed ethnic differences in calcium and vitamin D intakes and

sources of calcium. Dietary food choices were important contributors of

calcium to Asians and Others, but were less important in the intakes of Whites.

Whites were more likely to use supplementation, especially multi-supplements.

This suggests a cultural role in the behavior of supplement use, food choices

or perception of disease susceptibility. Asians do not consume milk or dairy
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products as much as Whites (25). Vegetable calcium sources are more

important in the Chinese diet than in the typical Western diet (48, 166). As

Asians adopt more Western-type diets, their consumption of high quality

calcium-containing vegetables may decrease due to seasonal influences and

other environmental factors that may affect the calcium bioavailability of the

food sources. As Asians are less likely to consume dairy products or use

calcium-related supplements, they are vulnerable to inadequate calcium intake.

Dietary advice needs to be tailored to specific ethnic populations to help them

to adapt their diet and make high quality calcium food choices. The

substantially, but not significantly, lower dietary calcium and vitamin D intakes

between the White supplement users and nonusers might show poor dietary

patterns by the reduced intakes of nutritious food sources such as dairy

products.

Previous studies in nutrition education have pointed out that knowledge

alone is not enough to effect behavior change (27,164). ln our study, we found

that there was a significant mean calcium intakes difference between with and

without knowledge of nutrition facts. This may indicate that current nutrition

education might have facilitated a positive change of attitude on increasing

calcium intake.

6.4 Urinary biomarkers

lncreasing evidence shows that record- or recall - based study methods

do not satisfy the independence criteria required as valid methods, and studies

have characterized the performance of dietary assessment tools against

validated biochemical measures of intake (16, 1 26, 167 , 168). The underlying
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assumpt¡on is that the measurement errors associated with biomarker

assessments of intake are independent of the method of dietary assessment

(167). Therefore, we have chosen to validate our assessed nutrient intakes

against urinary biomarkers.

Compliance with the first and second 24-hour urine collections was 57.8o/o

and 69.6% respectively. Low compliance with 24-hour urine collections is not

uncommon. A previous study (169) found that approximately four out of 10

people had incomplete urine collections, indicating a practical difficulty in

collecting 24-hour urine samples in non-institutionalized individuals.

Urinary calcium excretion provides a qualitative estimate of calcium

bioavailability that reflects both absorption and excretion. We did not find any

significant effect of vitamin D on calcium absorption or excretion. Vitamin D

has been shown to have a beneficial effect on intestinal calcium absorption,

especially at low levels of calcium intake (42,82). Evidence has shown that

calcium absorption increased with higher mean serum 25(oH) D and resulted

in higher urinary calcium excretion (58, 84); however, when vitamin D status is

low, PTH stimulates the mobilization of calcium from the bone and conserves

renal loss of calcium (84,160). Even though we did not measure serum 25(OH)

D, it is anticipated that there would be low serum 25(oH) D concentrations

among the subjects due to the low dietary vitamin D intake and limited sunlight

exposure during the fall and winter. The absorption of high calcium intake can

saturate the active transport mechanism and shift this to a less vitamin D

dependent (42). The preceding may explain the non-significant effect of

vitamin D on urinary calcium excretion in this analysis. our study did not

observe any statistically significant correlation between urinary calcium
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excretion and intakes of protein, potassium or calcium. A previous study

observed a significant positive correlation between daily urinary calcium

excretion and protein intake (101). lt has been postulated that calcium buffers

the increased sulfuric acid generated from a high protein intake. However,

recent studies have pointed out that there is simultaneous increased intestinal

calcium absorption with a high protein diet. The hypercalciuric effect of a high

protein intake may be balanced by increased calcium absorption resulting in a

neutral calcium balance. lncreased calcium absorption and increased urinary

calcium excretion may thus have opposing effects which could explain why we

did not find any significant association between protein intake and calcium

excretion.

Earlier studies have shown that calcium intake correlates poorly with

urinary calcium excretion and that only 6 - 7% of ingested calcium is excreted

into the urine (45, 46). The insignificant correlation between calcium intake and

urinary calcium excretion may relate to interfering nutrient-nutrient interactions

from sodium and phosphorus (5, 99) which could mask the influence of

calcium intake.

ln our study, we found a moderate but significant correlation between

sodium intake and urinary sodium excretion (r= 0. 318); urinary sodium

excretion was found to be the most important explanatory factor in urinary

calcium excretion Qa = 22%) which is consistent with another study (5).

Sodium and calcium share transport systems in the proximaltubule (40), and it

is estimated that in premenopausal women the kidney excretes 24-60 mg

calcium for each 2300 mg sodium excreted (5, 68, 99, 100). The effect of

potassium in lowering urinary calcium excretion could possibly be masked by
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the dominant hypercalciuric effect of sodium. Studies have also found positive

correlations between bone resorption biomarkers and daily sodium excretion

(5, 170). lf the increase in urinary calcium excretion is not balanced by

enhanced intestinal calcium absorption, then a negative calcium balance could

result.

6.5 Bioavailability of calcium

Calcium absorption is inversely related to calcium load (79, 80) but can be

improved by the meal effect by spreading the calcium dose throughout the day

(41 ,79). Our study initially failed to find any significant association between

the estimated daily calcium absorption and daily urinary calcium excretion

among 59 subjects. After eliminating the 13 subjects with suspected high

phosphorus (calcium-binding) effect, we were able to find a significant positive

association between urinary calcium excretion and estimated calcium

absorption.

Dietary variables of phosphorus, protein and sodium were selected as

cluster variables to define cluster meals among the 1188 meals because they

had strongest association in linear regression with urinary calcium excretion

among all dietary variables. The dietary calcium is added as the fourth

variables to define clusters of meals because of the objective of the study is to

report calcium intake and calcium status.

Although we may have lost some precision by duplicating daily urinary

calcium excretion with each meal during the process of cluster analysis, the

measurement errors associated with biomarker assessment of calcium are

independent of the method of dietary assessment. The unique intake clusters
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were derived without introducing any inter-dependency error. The cluster

analysis was consistent with the linear regression findings that protein and

calcium intakes do not have a major effect on urinary calcium excretion or

bioavailability of calcium. The mean protein and calcium contents varied

across the clusters, but the mean urinary calcium excretion did not seem to be

positively associated with higher or lower mean protein and calcium content.

The higher sodium content, as a well-known hypercalciuric factor (5, 170, 171),

identified in clusters 3 and 4 was found to be associated with higher urinary

calcium excretion. However, significantly lower urinary calcium excretion in

cluster 7, containing the second-highest sodium content, could be explained

by the high phosphorus content. Since previous studies have reported that

dietary phosphorus can form insoluble calcium-phosphate complexes in the

intestine and reduce the bioavailability of calcium (172, 173), the high

phosphorus content in clusters 1 and 7 suggests that there is a possible

phosphorus-calcium binding effect.

Urinary calcium excretion would be expected to increase with increased

calcium absorption as the excess absorbed calcium cannot be stored in the

body. However, the inverse relationship between the estimated calcium

absorption and urinary calcium excretion from the 16 meals in cluster 7

illustrate the possibility of a phosphorus-calcium binding effect.

It is important to note that a high phosphorus content found in meals may

reflect high phytate content. Foods that are cereal or bean-based, roots, tubers

and teas contain high amounts of phytate. Phytate impairs calcium absorption

(174) and the magnitude of the calcium-phytate binding effect is affected by

cooking methods and food processing (175). The strength of the calcium

65



binding of phytate can be affected by pH (92,176), fermentation (93), time (94),

temperature (95, 96), soaking (95), and cooking (93, 95). Because of limited

phytate information, it is not immediately clear whether it is the phosphorus or

the phytate that interferes with calcium absorption. lt is reported that phytate

binds to the calcium more strongly than oxalate (92,176).

6.6 Nutrition and bone health

Many interventional (86, 177, 178) and observational studies (179-182)

have shown a better bone balance at higher calcium intakes, whether with or

without vitamin D. Although evidence firmly establishes that higher calcium

results in better calcium retention or reduced bone remodeling (183), a

recently published randomized clinical trialfrom the Women's Health lnitiative

(WHl) involving over 35,000 postmenopausal women using 1000 mg of an

elemental calcium as calcium carbonate combined with 400 lU of vitamin Ds

failed to find a significant reduction in fractures, and only noted a small

improvement in hip bone density (18a). As calcium is a threshold nutrient,

adding more calcium when level of dietary intake already exceeds the

threshold is unlikely to increase bone mass (a7). The high baseline calcium

intakes of approximately 11 50 mg of the WH I participants could explain the

largely negative study findings. Thus, the recommended Al of calcium is 1000

mg for age 19-50 and at 1200 mg for age 50 or more (160). lt is important to

recognize that sufficient calcium intake is essential to replace obligatory losses,

othenruise, the body will remove calcium from bone to maintain serum calcium

balance.

Ensuring an adequate calcium intake is only one of several necessary
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preventive strategies for osteoporosis. Long-term use of certain medications,

such as thiazide diuretics as an antihypertensive agent, preserves bone mass

may reduce fracture risk (76, 85, 185) by reducing urinary calcium and

inhibiting bone resorption. There is also an observed trend toward a larger

thiazide effect for individuals with a higher calcium intake (76, 85). The benefits

of thiazide use might be more pronounced among individuals with high sodium

diets as studies have also found positive correlations between bone resorption

biomarkers and daily sodium excretion (5, 170).

6.7 Perceptions and influences of choosing high calcium containing foods

Our study showed that milk consumption was generally considered a

good indicator of an individual's calcium status. An earlier study has shown

that milk and milk products contribute a remarkable amount of dietary calcium

compared with grain and other food groups (24). Although the self-reported

number of servings of milk provides a quick assessment of individual calcium

intake, it is not effective in determining the relationship between calcium intake

and fracture risk. Study has reported that a self-reported low intake of milk is

not associated with any increase in fracture risk and that the use of this risk

indicator is of little or no value in case-finding strategies (186). Since there are

many other sources of calcium in addition to milk, those sources should not be

neglected when assessing individual calcium intakes.

Our study found a substantial discrepancy between perceived and actual

calcium intake and this could affect receptiveness to education. Our study

identified several attributes, such as taste preferences and bone health, which

are impact on food choices and intakes as previous studies have reported (29).
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Many subjects in the present study chose high calcium-containing foods

primarily because they knew the foods were good for their bones. There is a

lack of perception of high calcium-containing foods as an essential part of a

healthy diet. We also found that our subjects'choice of high calcium-containing

food was positively influenced by the availability of nutrition information, such

as food labels and media campaigns. Educators might consider working with

the media and food industry to develop other effective ways of delivering

nutrition messages to make a diet high in bioavailable calcium more appealing

to women.

6.8 Dietary counseling

Dietary counseling is of interest because of the high prevalence of

inadequate calcium intake. Because of inherent limitations, a 24-hour diet

recall and FFQ may not be the best tool for assessing an individual's usual

dietary intake with higher precision. An estimation of calcium and other nutrient

intakes can be quickly and effectively assessed using the FCM. By focusing on

an intake pattern identified by FCM and cluster analysis, an evaluation of the

combination of calcium, phosphorus and sodium content of meals is

recommended to identify factors that inhibit calcium absorption or increase

urinary calcium loss. Concerns are raised over the adverse effects of high

sodium intake on obligatory loss of urinary calcium and the potentially negative

impact on skeletal metabolism. High phosphorus intake from non-meat and

non-dairy products might reflect high phytate intake and may also be a source

of concern. lndividuals should be informed that high dietary phytate content

can impair calcium absorption. Moderate phosphorus/phytate intake and
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different cooking and food preparation techniques may reduce the phytate

effect and enhance calcium absorption. Maximizing the bioavailability of

calcium through better food choices should be strongly recommended.

Women should also be encouraged to consum e 2 - 4 milk products daily (187).

Calcium toxicity should be raised as a concern only when the individual ingests

an inordinate proportion of calcium-fortified foods or uses more than one

vitamin supplement.

Another consideration for health professionals concerns individuals who

have inadequate calcium intake due to sociodemographic factors. Some

women may be more vulnerable to inadequate calcium intake, perhaps related

to education, lack of nutrition knowledge, cultural factors or ethnicity. Dietary

counseling activity needs to be tailored to the individual situation.
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The principal finding of the present study is that dietary calcium intake

alone does not account for the variation of urinary calcium excretion. Sodium

intake, urinary sodium excretion, and the estimated calcium absorption (after

eliminating high phosphorus-calcium meals) account significant variability in

urinary calcium excretion. The 7 intake patterns with 4 dietary variables may

help the individual to identify factors that affect calcium absorption or promote

urinary calcium loss.

Although achieving adequate calcium intake is desirable, minimizing

nutritionally-induced reduction in bone mass and/or maximizing calcium

absorption to offset an increment in excretory loss may be more efficient.

Since sodium intake appears to be a significant determinant of urinary calcium

loss, a high dietary sodium intake may be a risk factor in the development of

osteoporosis, particularly in individuals with poor dietary calcium absorption or

in whom a considerable portion of ingested calcium binds with phosphorus or

phytate to form insoluble complexes. lt is likely that certain individuals may be

more susceptible to bone loss and development of osteoporosis because of

continuous poor intake patterns.

Many of the studied subjects had misconceptions about their calcium

intake. lt is important to educate the public about how to meet their calcium

requirements by evaluating the nutritional adequacy of the diet using food

labels, improving food choices, and using calcium supplements and fortified

products. Positive perceptions of calcium on bone health and taste

preferences were the major reported reasons for choosing high calcium foods.

7. CONCLUSIONS
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The emphasis on including high calcium-containing foods as an essential part

of a healthy diet is important. Health professionals are in a position to promote

adequate calcium intake and educate the public about making better food

choices. Appropriate assessment and counseling may play a significant role in

the prevention of chronic bone health problems when initiated at an early age.

7.1 Strengths

There were a significant number of Asian subjects in our study. Our study

also had an interviewer able to speak the Asian language of the interviewees

and able to knowledgeably guide the information exchange about the food and

portion sizes when subjects had difficulties in describing their food intakes in

English.

The food composition databases used in our study contained culturally-

appropriate food items to reflect the cultural diversity of the Canadian society

and included foods prepared with salt to reflect the typical Canadian diet.

The FCM dietary assessment tool has shown to be cost-effective in the

time required to assess nutrient intakes.

7.2 Limitations

Results from this homogenous group of subjects can only be extrapolated

to other groups of women of similar physiological factors. Result, therefore

should be interpreted cautiously when developing nutrition programs and

delivering dietary advice to women in different age group and physiological

factors.

The timing of the second dietary interview conflicted with the busy
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un¡versity schedule and interfered with the accuracy of results. Large

intra-individual variation in the two dietary calcium intakes and underestimation

from incomplete urinary collections reduced the statistical power.

The process of subject recruitment might have introduced bias and

resulted in high reported calcium intake because subjects know the study to

assess calcium which might have made subjects have more calcium than

national average.

The poor association between the usual dietary nutrient intakes and

24-hour urinary biomarkers may be due to the variation of the time frame

where the dietary intake represents behavior over 7 days or longer and urinary

calcium excretion represents 24 hours. The association between meal content

and urinary calcium excretion was reduced by the necessity to repeat daily

excretion values for every meal eaten during the same day.

There is no bone mass density data which limits the understanding of the

possible long term effect of vary intake pattern on bone health.

A well-developed phytate database would be needed to facilitate a better

understanding of optimizing calcium efficiency in the future,

7.3 Future work and clinical implications

The FCM has been shown to be an effective tool for measuring dietary

sodium intake. lt may be valuable for identifying individuals at increased risk of

diseases, such as hypertension, associated with high sodium intake. Concern

is raised about the sensitivity of the urinary increment method for validating

dietary calcium intake in non-institutionalized subjects; however, further

research is needed to validate measures of calcium intake, absorption and
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retention against other methods.

Our study has shown that an intake pattern that has low-moderate sodium

and phosphorus/phytate intakes relative to calcium intake may be crucial in

optimizing calcium absorption and retention. Further study is needed to

confìrm these findings, using a sufficient sample size to detect interactions of

how a range of nutrients affect calcium excretion.

Further information is needed concerning bone mineral content and

dietary patterns, although it is probable that high sodium and phosphorus

intakes relative to calcium intake may increase the risk of bone loss and

osteoporosis as a person ages.

Further research is needed to identify and expand our limited knowledge

about ethnic differences in food patterns. Canada is a multicultural society and

longevity of minorities is increasing, with an increasing proportion of older

women. lt is essential that future dietary interventions focus on helping

minorities adapt high-quality calcium diets through ethnically-appropriate and

comfortable food choices.
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Subject
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of a 24 hour urine sample the day before you come in for the interview. The
urine sample is used as an indicator for estimating the availability of calcium in

your usual diet.

The day prior to the dietary assessment interview, you will collect a

24-h urine sample by following the written instruction for urine collection
technique and using the provided sanitized containers.

Dietary assessment interviews will be conducted in an assigned room
on campus. During the tape-recorded session, the researcher will ask you to
consider the foods you ate often in a usual week. You will be asked to help to

create a visual record, or map, of food frequencies, by placing food symbols on

an A3 sized sheet of paper with grid lines.

You are free to withdraw from the study at any time, and/or refrain from
answering any questions you prefer to omit, without prejudice or consequence.

Risks
There is no risk since no dietary changes are requested. You will maintain

in your normal diet and eating patterns. The interview is a dietary assessment
of usual intake of individual.

Urine samples are collected in sanitized containers and risks of
contamination are negligible. You will have instruction for handling the samples
in an appropriate and sanitary ways.

Gonfidentiality
Researcher will be the only person who knows about your identification

number and name. Your urine sample will be handled by laboratory technician
who only sees the identification number on each sample. All the raw data will

be handled and kept confidentially by the researcher. The advisory committee
will only see the data analysis with the identification numbers. Your name and

identification number will be kept in locked cabinet by researcher and this

information will be destroyed once the data analysis is completed. All the data

collection and the data analysis will be destroyed after 3 years. You will not be

identified in report in any way. Your identity will remain confidential.

Feedback
You will be getting an individual dietary analysis and urinary calcium

excretion report. A summary report of finding will be available on request once

the data analysis is comPleted.

Remuneration
You will receive $15 CDN after completion of each cycle. lf you complete

two cycles, you will receive $30 CDN in total.

Your signature on this form indicates that you have understood to your
satisfaction the information regarding participation in the research
project and agree to participate as a subject. ln no way does this waive
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your legal rights nor release the researchers, sponsors, or involved
institutions from their legal and professional responsibilities. You are
free to withdraw from the study at any time, and /or refrain from
answering any questions you prefer to omit, without prejudice or
consequence. Your continued participation should be as informed as
your initial consent, so you should feelfree to ask for clarification or new
information throu ghout your participation.

lf you require more information please contact Karen Hau at
Sevenh uys en at 47 4-97 04.

This research has been approved by the Joint-Faculty Research Ethics
Board. lf you have any concerns or complaints about this project you
may contact any of the above-named persons or the Human Ethics
Secretariat at 474-7122, or e-mail margaret-bowman@umanitoba.ca. A
copy of this consent form has been given to you to keep for your records
and reference.

Participant's Signature

Researcher's Signature

or Dr.

Date

Date
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C- Screenino lnterview for calcium studv

Name:

Age 20-25: Yes ¡ No ¡

Weight:_kg/lb Height:

Lifestyles:
Smoking: Yes ¡ No¡

Alcohol: Yes n No¡
lf yes:
No. of cocktails in a week:
No. of beers in a week:
No. of wine in a week:
Total of alcohol (o/wk):
Alcohol intake(ozlwk)=0.52 X number of cocktails + 0.44 X number of beers +

0.4 X number of wine (<28.69/wk)

Date:

Ethnicity: White ¡ Black ¡ Asian n Hispanic I Others:

cm/m BMI:- Kg/m2

Are you currently diagnosis with any disease: Diabetes, eating disorder,
amenorrhea, nephrolithiasis, renal, gastrointestinal or bone disease which will

affect calcium absorption and or urinary calcium excretion? Yes ¡ No¡

Are you lactose intolerant? Yes ¡ No¡

Are you currently pregnant? Yes ¡ Non

Are you currently involved in any intensive physical exercise? Yes ¡ Non

Are you currently taking any of the following medication: Glucocortoids,
nonsterodial anti-inflammatory medication or birth control pills? Yes n No¡

Eligible: Yes ¡ No¡
Collect consent form: Yes ¡
Name / ldentification number:
()
Email address:
Phone:_
Oate ot Time :

Do you take any vitamin supplement? Yes ¡
lf yes,

No¡

No¡
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D.24 hour urine collection

Please read the instruction and check all the material needed before urine
collection.

You need:
o One 4L and one 500 mL plastic container labeled with subject number
o Sanitary wipes

lf you need more containers, please do not hesitate to call Karen at 951-8815.

lnstructions:
Collect your urine during the 24 hours prior to dietary assessment interview.

Do not collect urine during our menstrual cycle. lf you are in the cycle when
you are scheduled to collect urine, please call Karen to reschedule.

There is no need to fast before or during urine collection.

First put the date on the label on your containers.

On the first morning of the urine collection, please discard the first urine
specimen and form then on to collect all specimens for the next 24 hours and

including the first urine specimen of the next day.

Please remember to wash your hand after each urine collection and/or
decantation. You can also use the sanitary wipe to clean your hand and

container neck aften¡rard.

The urine sample has to be kept cool either by refrigerating or keeping on ice.

Do not freeze the sample. When you are away from home, we realize that it

may not be possible to keep the sample cold. However, as much as possible,

keep the sample cold (not frozen) until bringing in the urine sample during the

dietary interview.

lf you need more containers or you have questions, please do not hesitate to

call Karen at 951-8815.
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E. Food Choice Man Food svmbols

FOOD GHOICE ÍUIAP
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F. Food Choice Map recordinq map with qrid lines and codes

FOOD CIIOIGE MAP RESPONDENT #:

5x / Weck 6x / Week 7x / Wq

tocailoN:

TNfERVIEWER:

iliffil¡ilurr¡¡¡¡¡rr
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G Dietarv analvsis svstem used to calculate the appropriate proportion
of nutrient intakes.
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H. An Actual Dietarv record recorded bv Food Choice Map

RESPoNDENT #14 Loc¡

DATEL----- 
-- 
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l. Example of meals identified as the cluster I

Example cldsTaco 6330
meat -l

Mitkl %

;å"To'" pastromscch

CornFrz
CookChoSoft
M¡tk1%

ExamPle chckwhRt
mealS

RiceWMG
PeGrBoil
Milkl %

Food Time
Code

ilil'" chckwhRt 32oo

2107

6364

4122
7404
2107

3200

1406
4202
2107

PTBKF

Butter
PeGrBoil
CookChoSoft
Mitkl %

Example 
PastTomScChmeal 5

Serving Serving (g)/
(vol) multiple of

vol

462510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

291

236

63

82

291

150

170
127

291

ChckWhRt 3200

SoupCrMusCon 6429

CornFrz 4122

CookChoSoft 7404
Milkl% 2107

Íä"To'" PizachMtrhn 6302

SaladGardenCress 4408

DresRanch 7139
Milkl% 2107

1502
7120
4202
7404
2107

6364

ExamPle DumoPota
meal /

CornFrz
CookChoSoft
Mitkl %

150

166

127

82

291

236

150

178
63

82

291

149

148
13

291

135

63

82

291

15

6623

4122
7404
2107

3
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J. Examole of meals identified as the cluster 7

Examole
;:;i'i'" DumpPota 6623

MxVegFrzBld 4455

SrCmReg 2140

MilkSkim 2110
Example Eoodomlchz 665g
mealz

Saucketch 7191

TostMxGn 1114

MilkSkim 2110

Teareg 8200

ChezCdLF 2211

SaladGardenCress 4408

CucumberRawPd 4150

CeleryRaw 4133

CarrotBabY 4110

DresltaloCal 7135
MilkSkim 2110

ExamPle FFishPike 3so6
meal 3

MilkSkim 2110

Teareg 8200

SaladGardenCress 4408

CucumberRawPd 4150

CeleryRaw 4133

CarrotBabY 4110

DresltaloCal 7135
MilkSkim 2110

ÍåTl'" chckwhRt 32oo

MilkSkim 2110

Teareg 8200

PtMhHm 1509

ButtMrgTblow 7125

ChezCdLF 2211

SaladGardenCress 4408

CucumberRawPd 4150

CeleryRaw 4133

CarrotBabY 4110

DresltaloCal 7135
MilkSkim 2110

Food
Food
code

Servinolrme (vol)

530 284

530 255
530 58

530 296

Serving (g)/
multiple of vol

510 212

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

510

124
355

31

360

226
226
323
13

296

170

124

355

360

226
226
323
13

296

192

124

355

152
6

31

360
226
226
323
13

296

48

1.75

1.75

0.5

1.75
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Example
meal 5

Food

ChckWhRt

MilkSkim 2110 510

Teareg 8200 510

RiceWMG 1406 510

ChezCdLF 2211 510

SaladGardenCress 4408 510

CucumberRawPd 4150 510

CeleryRaw 4133 510

CarrotBaby 4110 510

DresltaloCal 7135 510

MilkSkim 2110 510

PastTomScCh 6364 520

MilkSkim 2110 520

Teareg 8200 520

ChezCdLF 2211 520

SaladGardenCress 4408 520

CucumberRawPd 4150 520

CeleryRaw 4133 520

CarrotBaby 4110 520

DresltaloCal 7135 520

MilkSkim 2110 520

Food, trme
cooe

3200 510

Example
meal 6

Serving
(vol)

192

124

355

66

31

360

226
226
323
13

296

236

124
355

31

360

226
226
323
13

296

266

66

31

360

226

226
323
13

296

Serving (g)/
multiple of vol

Example
meal 7

SoupVeg,Chu

CracSoda 7532 510

ChezCdLF 2211 510

SaladGardenCress 4408 570

CucumberRawPd 4150 570

CeleryRaw 4133 570

CarrotBaby 4110 570

DresltaloCal 7135 570

MilkSkim 2110 570

1.75

6461 510

1.75

1.75
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