
ALTHOUGH a link between foodstuff calcium
consumption and fracture rates was established
several years ago,1 it has been only in recent
years that considerable attention has been
directed toward emphasizing the importance of
adequate calcium intake with respect to the
diet of elderly women. In 1978, Heaney et al2

showed through calcium balance studies in per-
imenopausal women that a minimum of 1,500
mg of calcium daily was needed to achieve at
least a nonnegative calcium balance. This find-
ing has not only been advocated by the 1994
Consensus Conference on Calcium, but also
caused a change in the 1997 recommended
daily allotment.3,4 Calcium supplements in
women reduce the biochemical markers of
bone resorption, improve bone mineral den-
sity, and diminish fractures.5-11 During the past 5
years, the introduction of bisphosphonates and
nasal calcitonin for the treatment of osteoporo-
sis has further underscored the need for con-
suming adequate calcium intake.12,13 A recent
meta-analysis of postmenopausal women
showed that high calcium intake potentiate the
effect of calcitonin and estrogen therapy on
bone mass at all skeletal sites.14

Elderly adults require relatively higher cal-
cium intake than other subpopulations be-
cause of inadequate vitamin D levels, impaired
conversion of vitamin D to its active compound
in aging kidneys, impaired renal calcium con-
servation, and reduced intestinal absorption of
ingested calcium.15-17 For the serum calcium to
maintain its state of normalcy in the situation
of reduced dietary intake, elevated parathyroid
hormone levels draw from the bone reservoir.
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ABSTRACT
Background. Although it has been recommended that women aged 65 and older consume at

least 1,500 mg of calcium daily, no studies are available that define the factors associated with
adequate intake.

Methods. We studied 184 elderly women to determine the relationship between foodstuff
calcium consumption and anthropomorphic measurements and numerous life-style changes.

Results. The  mean foodstuff calcium consumption was 563.4 mg/day, with significantly
higher intake noted in women who snacked daily, did not skip meals, drank one or more
servings of milk daily, and ate yogurt daily. Dietary calcium intake was also dependent on
socioeconomic status and personal attitudes toward milk.

Conclusions. All elderly women in this study underachieved the recommended dietary
calcium intake of 1,500 mg/day. Widescale public education to promote more positive
attitudes among elderly women is crucial. The evidence from this study recommends calcium
supplements with vitamin D for virtually all elderly women.
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KEY POINTS

• Elderly adults require relatively higher calcium intake than
other subpopulations because of inadequate vitamin D
levels, impaired conversion of vitamin D to its active com-
pound in aging kidneys, impaired renal calcium conserva-
tion, and reduced intestinal absorption of ingested cal-
cium.

• The inability of elderly women to adequately increase cal-
cium intake to suppress secondary hyperparathyroidism
makes it difficult to distinguish age-related bone loss from
nutritional bone disease.

• We found a mean dietary calcium intake of 563.4 mg/day,
which is far below the recommended value of 1,500
mg/day. No participant in our study achieved the recom-
mended value. This strongly supports the contention of a
chronic calcium deficiency syndrome in elderly women.

• A wide-scale public education program, similar to the
National Cholesterol Education Program Panel, needs to
be adopted. This might shape better attitudes and nutri-
tional knowledge concerning milk and dairy products in the
elderly.

• A change in the marketplace strategy of producers and
suppliers, intended to improve dairy product consumption,
was suggested as a plausible solution.
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This resultant state of secondary hyperparathy-
roidism may substantially contribute to bone
loss in the elderly. Calcium administration can
suppress the increased parathyroid hormone
levels as well as the biochemical markers of
bone resorption back to values observed in
premenopausal women.18 The inability of el-
derly women to adequately increase calcium
intake to suppress secondary hyperparathy-
roidism makes it difficult to distinguish age-
related bone loss from nutritional bone dis-
ease. Despite all of these acknowledged
benefits of increased calcium consumption to
bone loss, calcium intake in the United States
remains low, especially in elderly women.19

Dairy products remain the main supply of
dietary calcium in the United States.20 Al-
though the level of milk tolerance and social
environment were found to be the major de-
terminants of calcium intake in adolescents,20

all essential factors that affect calcium nutri-
tion in the elderly have yet to be uncovered.
Thus, we conducted a study by the 24-hour
dietary recall method in a sample of elderly
women to test the hypothesis that certain
social, personal, economic, and dietary factors
influence calcium foodstuff consumption. The
goal of this investigation was to identify which
factors and dietary items would distinguish
elderly women with high calcium intake.

MATERIALS AND METHODS

A sample of 206 women 65 years of age or
older from the ambulatory clinics at the
Charleston Area Medical Center (CAMC) was
given a dietary interview by the 24-hour recall
method. Although 237 were approached for
interview, 31 subjects declined because of the
time required for the process (approximately
45 minutes). Only 184 were able to give ade-
quate information for the final analysis. All
subjects were free of chronic diseases that
could have affected satiety (eg, chronic renal
or respiratory illness, terminal or near-termi-
nal cancer, decompensated congestive heart
failure, and cerebral infarction). None of the
subjects had had more than a 5-lb weight loss
over the past 2 years. All subjects were able to
function adequately on a Mini-Mental State
Examination. All subjects’ visits at the outpa-
tient clinics were for follow-up on their exist-
ing medical conditions, such as hypertension,
diabetes, anxiety, arthritis, and respiratory ill-
ness. Patients who had been given special diets
(eg, diabetic, low sodium) were included,
since such individuals make up a substantial

percentage of the general population in
southern West Virginia. To avoid bias when
obtaining permission for the interview, the
intent was broadly stated as “investigating what
type of food people in your age group eat and
what influences this choice.” Moreover, a ques-
tionnaire regarding specific questions about
consumption of dairy products was presented
after the 24-hour dietary recall inquisition.
The study was approved by the CAMC Insti-
tutional Review Board.

Instruments
A single 24-hour dietary recall survey was

administered to each participant during an
outpatient clinic visit. To minimize interviewer
bias, the same investigator did all interviews in
the survey. Thirty-two of the participants were
given both a 24-hour dietary recall survey fol-
lowed by a 3-day food diary for the purpose of
validation. Participants were provided with
instructions and a sample sheet on how to pro-
duce and record a 3-day food diary. Foodstuff
items were recorded according to the individ-
ual recalling the contents of breakfast, lunch,
and dinner, followed by snacks, food additives,
and supplements. Various household measur-
ing instruments (eg, cups, spoons, glasses,
bowls) and food models were used to help
quantify food portion sizes. Once the partici-
pant considered the dietary recall complete,
the interviewer then reviewed the list contents
to ensure accuracy by looking for errors of
omission and quantity. Inquiries about the use
of any specific beverages with meals or addi-
tives during food preparation were posed to
the participants.

A 15-item questionnaire was then adminis-
tered to investigate the following personal
aspects of the participants’s household: number
of inhabitants; maximum number of diners
attending at least one meal a day; whether the
subject or another person was responsible for
meal preparation; whether the subject or
another person was responsible for food shop-
ping; number of meals per week brought into
the house from outside sources; number of
meals per week consumed outside the home;
number of meals skipped per week; and fre-
quency of snacks. Additionally, the number of
servings of various calcium-containing food
items (eg, processed cheese, cottage cheese,
yogurt, pizza, ice cream, and milk) were deter-
mined in a semiquantitative manner (one per
day, one to five per week, less than one per
week). The type of milk (skimmed, 1/2%, 1%,
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2%, or whole) was recorded. Finally, the ques-
tionnaire delved into the participant’s personal
attitude concerning milk: “I do not like it”; “It
causes me to gain weight”; “It causes my blood
fats to go up”; “I was told not to drink it”; or “I
enjoy milk”. The age of onset of milk dislike
was noted. All participants had their age,

anthropomorphic characteristics, daily alcohol
intake, recall day of week, month of year, and
the use of calcium supplements recorded.
Annual income was used to delineate the
socioeconomic class into lower (under
$10,000), middle (between $10,000 and
$30,000), and upper (more than $30,000). We

TABLE 1. Personal, Socioeconomic, Health, and Dietary Factors Related to Calcium Consumption in Women Aged 65 and Older

No. of
Factors Subjects Mean (SD) P Value

Calcium supplement tablets*
No calcium supplements 130 560.7 (266.5) NS
Calcium supplements 54 571.1 (267.0)

Alcohol intake
No alcohol consumption 162 570.3 (270.7 NS
Regular alcohol consumption 22 515.9 (227.6)

Type of milk consumed
Reduced fat content 156 576.1 (260.2) NS
Whole 27 506.7 (290.0)

Food shopping responsibility
Shops for own food 159 559.1 (267.5) NS
Another person shops for food 29 593.4 (258.1)

Meal preparation responsibility
Prepares own meals 165 564.4 (268.9) NS
Another person prepares meals 19 558.1 (246.0)

Pizza slice consumption
Daily or up to five per week 21 479.2 (229.4) NS
Less than one slice per week 163 574.7 (269.0)

Socioeconomic level
Lower 34 488.0 (219.4) NS
Middle 117 573.4 (268.3)
Upper 33 607.7 (292.6)

Milk quantity intake
One or more servings daily 89 674.9 (265.7) <.001
One to five servings a week 56 484.2 (233.9)
Less than one serving a week 39 424.4 (199.4)

Cheese consumption
One or more servings daily 23 607.9 (229.1) NS
One to five servings a week 96 576.8 (263.6)
Less than one serving a week 65 528.9 (280.9)

Yogurt consumption
One or more servings daily 10 754.6 (276.3) <.001
One to five servings a week 32 703.8 (256.2)
Less than one serving a week 142 528.8 (251.9)

Ice cream consumption
One or more servings daily 5 766.8 (335.2) NS
One to five servings a week 39 585.2 (286.5)
Less than one serving a week 140 550.6 (256.3)

Number of inhabitants
None 76 530.6 (252.2) NS
One 91 596.6 (275.2)
More than one 17 536.1(269.3)

Number of co-diners
None 80 535.1 (249.0) NS
One 91 600.9 (277.7)
More than one 13 480.5 (262.0)

Eating outside of home
Less than once a week 95 568.8 (248.6) NS
One to seven times a week 84 568.2 (288.5)
More than seven times a week 8 394.0 (139.0)

Skipping meals
Almost never 129 607.4 (264.7) <.001
One to five times a week 34 499.7 (247.9)
Almost every day 21 399.2 (223.2)

Snacks
Almost never 84 517.9 (241.3) <.05
At least once a day 62 640.5 (295.3)
One to five days a week 38 539.9 (245.5)

*Total amount of calcium intake does not include calcium supplements.
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also recorded diabetes, educational status, and
current smoking status of all participants.

Statistical Analysis
The foodstuff contents from all diet records

were coded and analyzed on food database
software from Food Processor II (1987 ESHA
Research, Salem, Ore) to quantify intake of
calcium, calories, protein, and fiber. The
Student t test and one-way analysis of variance
were used to determine whether all groups/
categories for a given variable have the same
mean foodstuff calcium intake. Univariate
analysis was done on relevant variables to
examine the distribution and characteristics of
such variables. Logistic regression analysis was
used to model the effects of predictors on
dichotomous outcomes or to assist with deter-
mining the extent of the relationships among
selected variables. Multiple linear regression
was applied to show relationship between a
selected response variable and explanatory
variables. The data were analyzed using the
Statistical Analysis System version 7.0 (SAS
Institute, Cary, NC). All assumptions pertain-
ing to particular statistical tests were made
before applying the tests to the data.

RESULTS

The mean age (± SD) years of the 184 sub-
jects who completed both the 24-hour recall
and questionnaire satisfactorily for analysis was
73.8 ± 7. Their highest level of education
showed that 47.3% finished high school, and
an additional 28.8% finished at least 1 year of
college. Additionally, 21.7% were smokers,
14.6% were diabetics, and 13.5% admitted
consuming at least one drink of alcohol daily.
The validation study of the 32 women who
completed both the 24-hour recall and 3-day
food diary showed a correlation coefficient of
0.53 (P < .05). No significant differences in
mean calcium intake were noted among age
groups, day of week, and season of the year.
Approximately two thirds of the sample were
in the middle SES, and more than 70% did

not take calcium supplements and did not
skip any meals. Eighty-five percent of the
women drank reduced-fat milk. The mean
foodstuff calcium intake (± SD) was 563.4 ±
266 mg/day. None of the participants
achieved the recommended intake of 1,500
mg of calcium per day. Further, only 7.0% of
the participants exceeded 1,000 mg of daily
calcium intake.

Factors Affecting Dietary Calcium Intake
Consuming one or more glasses of milk

daily, eating one or more servings of yogurt
daily, daily snacking, and not skipping meals
were all significantly associated with higher
foodstuff calcium intake (Table 1). The mean
calcium intake for the subgroup who enjoyed
milk (60%) was relatively higher than those
who found this beverage less appealing for a
variety of reasons (Table 2). This dislike for
milk could be historically antedated to child-
hood in 85% of the women.

Low SES, daily snacking, and consuming
one or more servings of milk daily were signifi-
cant predictors of foodstuff calcium intake
among all respondents (Table 3). Although
calcium intake generally varied nonsignifi-
cantly among age groups, women in the age
group of 65 to 69 were 3.4 times more likely to
have higher calcium-containing food intake
than those aged 85. Participants who drank
one or more servings of milk daily were almost
10 times more likely to have higher calcium

TABLE 2. Attitudes of Elderly Women About Milk and Mean
Calcium Intake (Milligrams per Day)

No. of Mean Calcium
Subjects Consumption

(%) (SD)

I do not like milk 42 (22.8) 468.1 (227.1)
It causes indigestion 22 (12.0) 474.4 (248.8)
It causes me to gain weight 4 (2.2) 550.5 (162.1)
It has too much fat for my blood 5 (2.7) 347.8 (209.0)
I was told not to drink it 3 (1.6) 563.3 (308.7)
I enjoy milk 108 (58.7) 629.7 (270.4)

TABLE 3. Multivariate Correlates for Selected Factors Affecting
Calcium Intake Among Elderly Women (N = 184)

All Patients
Factor/Characteristic OR 95% CI

Age group (yr)
65-69 3.41 (0.98, 12.0)
70-74 1.92 (0.55, 6.70)
75-79 2.80 (0.74, 10.2)
80-84 1.71 (0.38, 7.70)
≥85 1.0 NA

Socioeconomic status
Low 0.22 (0.07, 0.73)
Middle 0.42 (0.16, 1.05)
High 1.0 NA

Milk consumption
Low 1.0 NA
Middle 2.37 (0.85, 6.40)
High 9.78 (3.69, 26.0)

Cheese consumption
Low 1.0 NA
Middle 1.68 (0.83, 8.71)
High 2.69 (0.83, 8.71)

Snacks consumption
Low 1.05 (0.43, 2.56)
Middle 1.0 NA
High 2.24 (0.87, 5.80)

OR = Odds ratio, CI =confidence interval, NA= not applicable.
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intake than those who were low milk con-
sumers. A similar relationship was even more
significant in participants aged 65 to 74 (OR =
14.4; 95% CI, 3.6 to 58.1) (Table 4). Addi-
tionally, participants of low or middle SES
were 80% and 60% respectively, less likely to
have higher calcium intake than those of high
SES. Higher calcium intakes were observed in
participants with the characteristics of eating
one or more servings of cheese daily (OR =
2.6; 95% CI, 0.8 to 8.7) but was significantly
greater only in women aged 65 to 74 (OR =
8.5; 95% CI, 1.5 to 48.8). Daily snackers in this
study showed higher calcium intake than their
counterparts, but this difference became sig-
nificant only in the older group of women
aged ≥75 (OR = 6.6; 95% CI, 1.4 to 31.5).

The correlation matrix of selected variables
(eg, calories, body mass index [BMI], dietary
fiber, and age) showed the foodstuff calcium
intake to be significantly correlated with calo-
ries (r = 0.41, P < .05) and dietary fiber 
(r = 0.17, P < .05), but not with age or BMI.
This correlation between calories and calcium
intake was highly significant in the group aged
65 to 74 (r = 0.50, P < .01). A 1-unit change in
calories yielded a 25% change in the average
value of calcium intake in all patients, but a
33% change in the average calcium intake in
the age group 65 to 74. A multiple regression
model showed that 17% of the variation of cal-

cium intake could be explained by the predic-
tor variables (BMI, age, calories, fiber, and
SES) in the entire cohort but accounted for
29% of the variance in the younger age group
of 65 to 74.

DISCUSSION

We found a mean dietary calcium intake of
563.4 mg/day, which is far below the recom-
mended value of 1,500 mg/day. No partici-
pant in our study achieved the recommended
value. This strongly supports the contention of
a chronic calcium deficiency syndrome in
elderly women. The mean dietary calcium
intake obtained in this study by the 24-hour
dietary recall survey, a method used widely in
the United States, is slightly lower than that of
the recent NHANES III study, but similar to
the results of a 24-hour recall conducted by
telephone in Kansas.19,21 In this study, we found
that the factors that identified individuals with
higher calcium intake (daily milk drinkers,
yogurt eaters, daily snackers, and individuals
who do not skip meals nor dislike milk) may
not necessarily be helpful in defining ade-
quate calcium intake.

One third of the study participants were
either intolerant to or disliked milk. These
participants could be counseled to enrich
their diet with alternative calcium-containing
foods. However, it is unrealistic to think that
such an approach would be cost effective or
even practical when applied on a large scale
basis in the community. Compliance also may
be an issue in this situation. A group of elderly
women who were given milk powder supple-
ments to bolster their intake above 1,500
mg/day relapsed to baseline values 2 years
after the study was completed.22 It would
appear that calcium and vitamin D supple-
ments would be more practical in lactophobic
individuals.

The remaining two thirds of the study partic-
ipants enjoyed drinking milk. The correction
of chronic calcium deficiency would appear to
be easily accomplished by an increased con-
sumption of four glasses of low-fat milk daily or
a combination of dairy products. This
approach appears to be simple but cannot be
achieved or addressed by health care profes-
sionals alone. It seems that a wide-scale public
education program, similar to the National
Cholesterol Education Program Panel, needs
to be adopted. This might shape better atti-
tudes and nutritional knowledge concerning
milk and dairy products in the elderly.

TABLE 4. Multivariate Correlates of Selected Factors Affecting
Calcium Intake Among Women 65 to 74 Years Old and Those ≥75

Years Old

Age 65 to 74 Age ≥75 
(n = 108) (n = 76)

Factor/Characteristic OR 95% CI OR 95% CI

Age (yr)
65-74 2.15 (0.85, 5.45) NA NA
70-74 1.0 NA NA NA
75-79 NA NA 0.28 (0.04, 2.00)
80-84 NA NA 1.45 (0.31, 7.13)
≥85 NA NA 1.0 NA

Socioeconomic status
Low 0.14 (0.03, 0.80) 0.28 (0.04, 2.00)
Middle 0.24 (0.06, 1.03) 0.53 (0.13, 2.14)
High 1.0 NA 1.0 NA

Milk consumption
Low 1.0 NA 1.0 NA
Middle 1.82 (0.51, 6.57) 5.20 (0.84, 32.3)
High 14.4 (3.55, 58.1) 10.1 (1.92, 53.6)

Cheese consumption
Low 1.0 NA 1.0 NA
Middle 3.85 (1.21, 12.3) 0.72 (0.20, 2.59)
High 8.47 (1.47, 48.8) 0.97 (0.15, 6.20)

Snacks consumption
Low 0.66 (0.19, 2.28) 1.56 (0.38, 6.34)
Middle 1.0 NA 1.0 NA
High 1.11 (0.30, 4.08) 6.58 (1.38, 31.5)

OR = Odds ratio, CI =confidence interval, NA = not applicable.
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Low SES was a significant predictor of low
calcium intake in this study. Nutritional knowl-
edge is strongly correlated with SES.23 Al-
though both the socioeconomic group and
nutritional knowledge play a prominent role
in food choices and elderly dietary practices,
the important factors that intervene with these
two variables are nutritional attitudes and
beliefs.23-25 The importance of promoting a
positive nutritional attitude is emphasized in
an editorial by Heaney,26 who states that
approximately one third of osteoporotic
sequelae have an underlying nutritional basis.
A change in the marketplace strategy of pro-
ducers and suppliers, intended to improve
dairy product consumption, was suggested as a
plausible solution. This should shift the mean
dietary consumption of calcium intake of the
entire population. Until such an event
designed to mold public attitudes and beliefs
occurs, adequate dietary calcium intake in the
population cannot happen. Therefore, it is
strategic to recommend the concept that virtu-
ally all elderly women should receive calcium
and vitamin D supplementation. It is unfortu-
nate that this approach omits the concomitant
nutrients and the high calcium-protein ratio
present in milk and other dairy products.27,28

Daily snacking was associated with signifi-
cantly higher calcium intake in the women
aged 75 and older when compared with the
women aged 65 to 74. Since elderly individuals
often obtain calcium from only a few items in
their diet, it would seem that cheese consump-
tion would be an important snack item in
groups who snack more frequently.29 However,
the data analyzed in this study did not confirm
that belief.

Overall, foodsuff calcium intake correlated
significantly with calories but weakly with the
BMI. This observation in elderly individuals
probably results from low physical activity.30

The low correlation of calcium intake with
dietary fiber deserves attention, since diets
higher in various fiber components impair the
absorption of calcium and may thereby accel-
erate nutritional bone disease in the elderly.31-33

However, only 16% of the study participants
who consumed less than 600 mg of dietary cal-
cium per day ate 20 grams or more of fiber
daily.

CONCLUSIONS

In this study, dietary calcium intake was
highly dependent on personal attitudes
toward milk, drinking one or more servings of

milk daily, and yogurt consumption, but not
toward other dairy products (cheese, ice
cream, or pizza). Low SES was highly predic-
tive of low calcium intake. Women who
skipped meals had significantly lower calcium
intake, whereas those who snacked daily had
significantly higher intake.

Although these findings are helpful in guid-
ing health care professionals to screen the
elderly and provide them with simple dietary
advice to boost their calcium intake to the rec-
ommended level, time constraints and the
prevailing public attitudes about milk may
make this difficult. In light of these considera-
tions, this study recommends that almost all
elderly women receive calcium and vitamin D
supplementation to achieve the recom-
mended daily calcium intake. Future studies
of elderly women in the United States should
be directed toward determining the levels of
acceptance and palatability of the various cal-
cium and vitamin D preparations, as well as
long-term compliance with their use.

References
1. Matlovic V, Kostial K, Simonvic I, et al: Bone status and frac-

ture rates in two regions in Yugoslavia. Am J Clin Nutr 1979;
32:540-549

2. Heaney RP, Recker RR, Saville PD: Menopausal changes in
calcium balance performance. J Lab Clin Med 1978; 92:953-
963

3. NIH Consensus Conference: Optimal calcium intake. JAMA
1994; 272:1942-1948

4. IOM (Institue of Medicine): Dietary Reference Intakes for
Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride.
Standing Committee on the Scientific Evaluation of Dietary
Reference Intakes. Food and Nutrition Board. Washington,
DC, National Academy Press, 1997

5. Dawson-Hughes B, Dallal GE, Krall EA, et al: A controlled
trial of the effect of calcium supplementation on bone den-
sity in postmenopausal women. N Engl J Med 1993; 323:878-
883

6. Reid IR, Ames RW, Evans MC, et al: Effect of calcium sup-
plementation on bone loss in postmenopausal women. N
Engl J Med 1993; 328:460-464

7. Kamel S, Brazier M, Rogez JC, et al: Different responses of
free and peptide-bound crosslinks to vitamin D and calcium
supplementation in elderly women with vitamin D insuffi-
ciency. J Clin Endocrinol Metab 1996; 81:3717-3721

8. Reid IR, Ames RW, Evans MC, et al: Long term effects of
calcium supplementation in bone loss and fractures in post-
menopausal women: a randomized controlled trial. Am J
Med 1995; 98:331-335

9. Chevalley T, Rizzoli R, Nydegger V, et al: Effects of calcium
supplements on femoral bone mineral density and verte-
bral fracture rate in vitamin D replete elderly patients.
Osteoporosis Int 1994; 4:245-253

10. Chapuy M, Arlot ME, Duboeuf F, et al: Vitamin D and cal-
cium to prevent hip fractures in elderly women. N Engl J
Med 1992; 327:72-75

11. Recker RR, Hinders S, Davies KM, et al: Correcting calcium
nutritional deficiency prevents spine fractures in elderly
women. J Bone Miner Res 1996; 11:1961-1966

12. Lieberman UA, Weiss SR, Davies KM, et al: Effect of oral
alendronate on bone mineral density and the incidence of



1012 October 2001 • SOUTHERN MEDICAL JOURNAL • Vol. 94, No. 10

fractures in postmenopausal women. N Engl J Med 1995;
333:1437-1443

13. Overgaard K, Hansen MA, Jensen SB, et al: Effect of calci-
tonin given intranasally on bone mass and fracture rates: a
dose response study. BMJ 1992; 305:556-561

14. Nieves JW, Komar L, Cosman F, et al: Calcium potentiates
the effect of estrogen and calcitonin on bone mass: review
and analysis. Am J Clin Nutr 1998; 67:18-24

15. Halloran BP, Portale AA, Loneran, et al: Production and
metabolic clearance of 1,25-dihydroxy vitamin D in men:
effect of advancing age. J Clin Endocrinol Metab 1990; 70:318-
323

16. Ledge GA, Burritt MF, Kao PC, et al: Role of parathyroid
hormone in mediating noctural and age-related increases
in bone resorption. J Clin Endocrinol Metab 1995; 80:3304-
3310

17. Eastell R, Yergey AL, Vieira N, et al: Interrelationship
among vitamin D metabolism, true calcium absorption,
parathyroid function, and age in women: evidence of age-
related intestinal resistance to 1,25 (OH) 2D action. J Bone
Miner Res 1991; 6:125-132

18. McKane WR, Khosla S, Egan KS, et al: Role of calcium
intake modulating age-related increases in parathyroid
function and bone resorption. J Clin Endocrinol Metab 1996;
81:1699-1703

19. Alaimo K, McDowell MA, Briefel RR, et al: Dietary intake of
vitamins, minerals, and fiber of persons two months and
over in the United States: Third National Health and
Nutrition Examination Survey, Phase I, 1988-1991. Advance
data from Vital and Health Statistics: No. 258. Hyattsville,
Md, National Center for Health Statistics, 1994

20. Barr SL: Association of social and demographic variables
with calcium intakes of high school students. J Am Diet Assoc
1994; 94:260-266, 269

21. Riggs BL, Khosla S, Melton LJ: A unitary model for involun-
tional osteoporosis: estrogen deficiency causes both type I
and type II osteoporosis in postmenopausal women and

contributes to bone loss in aging men. J Bone Miner Res
1998; 13:763-773

22. Devine A, Prince RL, Bell R: Nutritional effect of calcium
supplementation by skim milk powder or calcium tablets on
total nutrient intake in postmenopausal women. Am J Clin
Nutr 1996; 64:731-737

23. Grotkowski ML, Sims L: Nutritional knowledge, attitudes,
and dietary practices of the elderly. J Am Diet Assoc 1978;
72:499-506

24. Shepherd R, Stockley L: Nutrition knowledge, attitudes,
and fat consumption. J Am Diet Assoc 1987; 87:615-619

25. Barker ME, Thompson KA, McClean SI: Attitudinal dimen-
sion of good choice and nutrient intake. Br J Nutr 1995;
74:649-659

26. Heaney RP: Food: what a surprise! Am J Clin Nutr 1996;
64:791-792

27. Barger-Lux MJ, Heaney RP, Packard PT, et al: Nutritional
correlates of low calcium intake. Clin Appl Nutr 1992; 2:39-
44

28. Heaney RP: Protein intake and calcium economy. J Am Diet
Assoc 1993; 93:1259-1260

29. Cummings SR, Block G, McHenry K, et al: Evaluation of
two food frequency methods of measuring dietary calcium
intake. Am J Epidemiol 1987; 126:796-802

30. Freudenheim JL, Johnson NE, Smith EL: Relationships
between usual nutrient intake and bone mineral content in
women 45-65 years of age: longitudinal and cross-sectional
analysis. Am J Clin Nutr 1986; 44:863-876

31. Balasubramanian R, Johnson EJ, Marlett JA: Effect of wheat
bran on bowel function and fecal calcium in older adults.
Am J Coll Nutr 1987; 6:199-208

32. Allen LH: Calcium bioavailability and absorption: a review.
Am J Clin Nutr 1982; 35:783-808

33. Wisker E, Nagel R, Tanudjaja TK, et al: Calcium, magne-
sium, zinc, and iron balance in young women: effects of
low-phytate barley-fiber concentrates. Am J Clin Nutr 1991;
54:553-559

No man is an island entire of itself. Every man
is a piece of the continent, a part of the main.

John Donne
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