
ABSTRACT
Background: Several nutrients are known to affect bone mineral
density (BMD). However, these nutrients occur together in foods
and dietary patterns, and the overall effects of dietary choices are
not well understood.
Objective: We evaluated associations between dietary patterns
and BMD in older adults.
Design: Of the original Framingham Heart Study subjects,
907 aged 69–93 y completed food-frequency questionnaires as
part of an osteoporosis study. We defined dietary patterns by
cluster analysis. BMD was measured at the proximal right femur
(femoral neck, trochanter, Ward’s area) with a dual-photon
absorptiometer and at the 33% radial shaft with a single-photon
absorptiometer. We regressed BMD measures onto the cluster
variable, adjusting for potential confounders.
Results: Six dietary patterns were identified, with relatively
greater proportions of intake from meat, dairy, and bread; meat
and sweet baked products; sweet baked products; alcohol; candy;
and fruit, vegetables, and cereal. After adjustment for multiple
comparisons, men in the last group had significantly (P = 0.05)
greater BMD than did 2–4 other groups at the hip sites and the
candy group at the radius. Men in the candy group had signifi-
cantly (P < 0.05) lower BMD than did those in the fruit, vegeta-
bles, and cereal group for 3 of the 4 sites. Women in the candy
group had significantly (P < 0.01) lower BMD than did all but one
other group at the radius.
Conclusions: Dietary pattern is associated with BMD. High fruit
and vegetable intake appears to be protective in men. High candy
consumption was associated with low BMD in both men and
women. Am J Clin Nutr 2002;76:245–52.
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and vegetables, older adults, Framingham Osteoporosis Study

INTRODUCTION

With estimated lifetime risks of fracture > 40% for women and
13% for men, osteoporosis is well recognized as a major public
health problem (1). Although a great deal of attention has been
given to the importance of calcium and vitamin D intake, much
less is known about the effects of other nutrients on bone,
although recent reports have supported the importance of potas-
sium, magnesium, vitamin K, and fruit and vegetables (2, 3).

Effects have also been hypothesized for protein, saturated fat, phos-
phorus, vitamin C, sodium, and several trace minerals, including
manganese, zinc, copper, and silicon (4–7). Bone is a complex liv-
ing tissue, and it is probable that a wide spectrum of micronutrients
contributes to its maintenance. Because of that complexity, exam-
ining nutrients individually may sometimes be misleading. Nutri-
ents tend to be packaged together in foods, and therefore associa-
tions seen with a single nutrient may, in fact, be caused by a more
complex constellation of other nutrients consumed contemporane-
ously. Conversely, adjusting for other nutrient contributors to bone
mineral density (BMD) may make it difficult to see a true associa-
tion because of their close association with one another in a
healthy diet. If a variety of individual nutrients are in fact impor-
tant, then overall dietary patterns that maximize those nutrients
should also be associated with BMD. This approach allows us to
consider overall dietary recommendations for improving BMD.
The aim of this study was, therefore, to relate existing overall
dietary patterns within the elderly cohort of the Framingham
Osteoporosis Study population to BMD.

SUBJECTS AND METHODS

The Framingham Heart Study is a longitudinal cohort study
that began in 1948 to examine risk factors for heart disease. The
original subjects (n = 5209, aged 28–62 y) were selected as a
population-based random sample of households in Framingham,
MA (8). The Framingham Osteoporosis Study began at the 20th
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biennial examination, in 1988–1989, when BMD measurements
were made on 1164 surviving subjects. Usable dietary question-
naires were completed by 907 of these subjects, 345 men and
562 women. The surviving, now elderly, cohort subjects follow
the same age- and sex-specific population proportions found in
the general Framingham population (9). The Boston University
Institutional Review Board approved our study, and written,
informed consent was obtained for all study subjects.

BMDs of the proximal right femur (femoral neck, trochanter,
and Ward’s area) were measured in g/cm2 with a Lunar dual-
photon absorptiometer (DP3; Lunar Radiation Corp, Madison WI).
Bone density at the 33% radial shaft was measured in g/cm2 with a
Lunar SP2 single-photon absorptiometer. The right side was
scanned at each exam unless there was a history of previous frac-
ture or hip joint replacement. For these individuals, the left side
was scanned. CVs in younger subjects without osteoporosis meas-
ured twice with repositioning for the DP3 were 2.6% (femoral
neck), 2.8% (trochanter), 4.1% (Wards area), and 2% (radial shaft).

Dietary intake

Usual dietary intake was assessed at the 20th examination with
the use of a semiquantitative, 126-item food-frequency question-
naire (10, 11). Questionnaires were mailed to the subjects before
the examination, and they were asked to complete them, on the
basis of their intake over the previous year, and to bring them to
the exam. This food-frequency questionnaire has been validated
for many nutrients and in several populations against multiple
dietary records and blood measures (10–13). Questionnaire totals
showing energy intakes <2.51 or >16.74 MJ (600 or 4000 kcal)/d
or with >12 food items left blank were considered invalid (8%)
and excluded from further analysis.

Measurement of confounders

In addition to diet, factors reported to affect BMD include body
weight or height and body mass index [BMI; in wt (kg)/ht2 (m)],
physical activity (14), smoking (15), estrogen use by women (16),
and use of calcium or vitamin D supplements or both (17, 18).
BMI was calculated from measurements of height at exam 1
(1948–1949), taken without shoes, in inches, and measurements
of weight taken at the 20th examination in pounds (converted to
kilograms) with a standardized balance-beam scale. Because
BMI is a measure of relative weight, designed to be independent
of height, we included both BMI and height in our equations to
capture the total effect of total body mass on BMD (19). We
repeated these equations with weight replacing BMI and found
that the resulting BMD and dietary associations were almost
identical. Therefore, only the calculations that used BMI and
height are presented here.

Smoking status was assessed via questionnaire at the 20th
examination as current cigarette smoker (smoked regularly in the
past year), former smoker, or never smoked. Physical activity
was measured with the Framingham physical activity index,
which asked about number of hours spent in heavy, moderate,
light, or sedentary activity and number of hours spent sleeping
during a typical day. Each component of these 24-h summaries
was then multiplied by an appropriate weighting factor, on the
basis of estimated level of associated energy expenditure, and
summed to arrive at a physical activity score (20).

For estrogen use, women were divided into 2 groups: those
currently using who had been using continuously for ≥ 1 y and
those who had never used, had used previously, or had used short

term, because there is evidence that past use does not sustain
bone benefits (21). Alcohol and dietary calcium, vitamin D, mag-
nesium, potassium, and vitamin C intakes were assessed from
the food list section of the food-frequency questionnaire. Intake
of calcium or vitamin D supplements, as recorded on the supple-
ment section of the food-frequency questionnaire, were coded as
yes-no variables.

Previous research showed that there are seasonal changes in
BMD in New England (18, 22). We therefore created a categorical
variable for time of BMD measurement: July, August, and Sep-
tember were coded as summer; October, November, and Decem-
ber as fall; January, February, and March as winter; and April,
May, and June as spring.

Statistical analysis

All statistical analyses were performed using SAS PC+ release 7
(SAS Institute, Inc, Cary, NC). First, we created food group
variables. Data from the food-frequency questionnaire were
collapsed into 34 food groups, based on food and nutrient com-
position similarity. The percentage total daily energy intake
contribution from each food group was calculated and used in
subsequent analyses. This standardization by energy contribu-
tion helps to remove dietary variation due to differences in sex,
age, body size, and physical activity and to retain the propor-
tionally based food-intake patterns.

We generated dietary patterns with the FASTCLUS proce-
dure. This procedure applies the K-means method to classify
subjects into a predetermined number of mutually exclusive
groups by comparing Euclidean distances between each subject
and each cluster center in an interactive process. Cluster analy-
sis is sensitive to outliers. We therefore removed individuals with
energy contributions from food groups that were ≥5 SDs away
from the mean energy contribution for that group (n = 127). We
also ran the FASTCLUS procedure with a predefined number of
20 clusters and removed individuals who fell into clusters with
< 5 subjects (n = 14). With the remaining subjects, we ran several
analyses, specifying the number of clusters from 3 to 10. The
final cluster set was selected by comparing between-cluster vari-
ance and within-cluster variance ratios and by examining Scree
plots to assess the separation of groups within the study popula-
tion. Finally, we examined the content of the clusters for nutri-
tionally meaningful separation. The 6-cluster set was selected on
the basis of these determinations. All outlier subjects previously
identified were then assigned to a cluster by calculating Euclid-
ean distances between individual subjects and the presaved cen-
ter of each cluster (23).

Descriptive comparisons across dietary pattern were assessed
by regressing continuous descriptive and nutrient variables onto
the cluster variable in the general linear models procedure. Com-
parisons across categorical variables were evaluated by using the
chi-square test. We regressed each of our 4 measures of BMD
onto the categorical dietary pattern variable separately for men
and women, adjusting for potential confounders, in the general
linear models procedure. Potential confounders included age,
BMI, height, physical activity index, smoking status, total energy
intake, use of a calcium supplement, use of a vitamin D supple-
ment, season of bone measurement, and for women, current estro-
gen use. Resulting least-squares means for each BMD measure
were compared across all pairwise combinations of dietary pat-
tern groups with the use of the Tukey-Kramer option to adjust for
multiple comparisons, in the general linear models procedure.
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RESULTS
Means (± SDs) for BMD measures and for continuous

potential confounders used in these analyses are presented in
Table 1. Proportional distributions are presented for categori-
cal variables. The average age for both men and women in this
group was 75 y. Average BMIs were 27.1 for men and 26.3
for women (P < 0.01). Proportionally more women than men
were current smokers (11.7% compared with 9.3%), although
more men were past smokers (P < 0.05). Only 9% of men
used calcium supplements, compared with 23% of women
(P < 0.0001). More (23% and 30%, respectively) used vitamin D
supplements (P < 0.05 between men and women). Only 5% of
this sample of women was using estrogen. For both men and
women, mean dietary intakes of calcium, magnesium, and
vitamin D were lower those currently recommended for this
age group (24).

In Table 2, the dietary pattern groups are described by show-
ing the percentage energy contribution from each of the food
groups that made meaningful contributions to both total intake
and dietary pattern differences. Food groups making signifi-
cantly different energy intake contributions across patterns are
identified by superscripts. Food groups that were included in
forming the clusters but are not shown because they did not dif-
fer measurably across groups include added fats, potatoes, nuts,
pizza, pasta, rice, snacks, legumes, eggs, soups, coffee and tea,
sweet potatoes, other grains, condiments, and diet drinks.
Because these groups were designed to differ maximally, we
compared these means descriptively but did not test them for
significance of the differences.

Relative to most other groups, members of group 1 (meat,
dairy, and bread, n = 313) derived more of their total energy
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TABLE 1
Characteristics of the Framingham cohort at the time of the bone mineral
density measurement1

Men Women

Age (y) 75.1 ± 4.92 75.3 ± 4.8
BMI (kg/m2) 27.1 ± 4.03 26.3 ± 5.0
Physical activity score 33.9 ± 6.4 33.2 ± 5.0
Smoking status (%)

Past smoker 56.84 40.6
Current smoker 9.34 11.7

Calcium supplement user (%) 8.75 23.0
Vitamin D supplement user (%) 22.64 29.7
Current estrogen user (%) — 5.0
Season of measurement (%)

Winter 28.8 30.0
Spring 28.2 28.5
Summer 23.3 19.0
Fall 19.7 22.4

Energy intake (MJ) 7.79 ± 2.65 6.91 ± 2.3
Potassium intake (mg) 2988 ± 1011 2930 ± 995
Magnesium intake (mg) 299.7 ± 110.2 287.7 ± 105.8
Calcium intake (mg) 739.8 ± 378.2 709.2 ± 333.0
Vitamin D intake (IU) 232.9 ± 164.8 212.5 ± 139.9
Bone mineral density (g/cm2)

Femoral neck 0.878 ± 0.1465 0.720 ± 0.115
Trochanter 0.847 ± 0.1515 0.625 ± 0.127
Ward’s area 0.686 ± 0.1735 0.559 ± 0.126
Radius 0.719 ± 0.0855 0.512 ± 0.092

1 Sample sizes varied from 322 to 345 for men and from 532 to 562
for women.

2 x– ± SD.
3–5 Significantly different from women, 3 P < 0.01, 4 P < 0.05, 5 P < 0.0001.

TABLE 2
Average percentage of total energy intake from individual food groups across dietary pattern groups1

Meat, dairy, Meat and sweet baked Sweet baked Fruit, vegetables,
and bread group products group products group Alcohol group Candy group and cereal group

(n = 313) (n = 260) (n = 69) (n = 81) (n = 75) (n = 109)

%

Citrus fruit and juice 4.8 ± 3.42 4.1 ± 3.3 3.2 ± 2.4 3.1 ± 2.82 3.1 ± 2.32 4.8 ± 3.72

Other fruit and juice 6.5 ± 3.6 6.9 ± 3.5 4.8 ± 3.42 5.0 ± 3.5 5.4 ± 4.1 19.9 ± 6.82

Dark-green vegetables 1.2 ± 1.0 1.0 ± 0.7 0.9 ± 0.72 0.9 ± 0.82 0.9 ± 0.72 1.5 ± 1.22

Other vegetables 3.1 ± 1.7 2.6 ± 1.5 2.4 ± 1.52 2.5 ± 1.1 2.4 ± 1.52 3.5 ± 2.22

Low-fat milk 5.4 ± 6.22 2.3 ± 3.3 2.2 ± 3.7 2.6 ± 3.4 1.9 ± 2.82 4.4 ± 5.0
Whole milk 1.2 ± 3.42 1.8 ± 3.7 1.4 ± 3.6 1.9 ± 5.8 1.6 ± 3.5 2.1 ± 4.72

Other dairy 6.2 ± 5.32 6.3 ± 4.8 4.3 ± 2.82 5.1 ± 3.9 5.9 ± 4.6 4.8 ± 4.6
Bread 11.0 ± 7.72 8.0 ± 4.4 7.2 ± 5.5 8.7 ± 5.9 8.0 ± 4.8 7.4 ± 5.7
Breakfast cereal 5.4 ± 4.8 3.7 ± 3.5 2.5 ± 2.82 4.0 ± 5.3 3.6 ± 3.7 6.6 ± 5.32

Sweet baked products 4.8 ± 3.22 14.0 ± 3.82 28.7 ± 7.32 5.6 ± 4.3 8.7 ± 4.9 5.9 ± 4.8
Red meat 8.8 ± 6.22 8.6 ± 5.22 6.9 ± 4.5 7.6 ± 5.2 5.9 ± 3.9 4.4 ± 3.42

Processed meat 1.7 ± 2.3 2.2 ± 2.62 1.8 ± 1.8 1.9 ± 2.1 1.4 ± 1.5 1.1 ± 1.52

Chicken 4.4 ± 3.42 3.3 ± 2.7 2.6 ± 2.22 2.9 ± 2.1 3.4 ± 3.2 4.0 ± 3.3
Fish 3.2 ± 3.32 2.6 ± 2.1 2.0 ± 2.02 2.6 ± 1.9 2.0 ± 1.82 2.7 ± 2.4
Liquor 1.1 ± 2.0 0.9 ± 1.92 1.6 ± 4.0 15.1 ± 5.22 1.0 ± 2.5 0.9 ± 2.72

Beer 0.9 ± 3.2 1.2 ± 4.2 0.5 ± 2.12 1.8 ± 4.92 0.9 ± 3.6 0.5 ± 2.02

Wine 1.0 ± 2.6 1.0 ± 2.7 0.2 ± 0.72 1.6 ± 3.92 0.6 ± 2.1 0.7 ± 1.9
Candy 2.7 ± 2.4 3.6 ± 2.7 5.1 ± 4.1 2.5 ± 2.32 20.0 ± 9.32 2.5 ± 3.12

Soft drinks 2.0 ± 4.3 3.7 ± 5.92 2.2 ± 3.7 3.4 ± 6.4 2.2 ± 3.8 1.0 ± 2.82

1 x– ± SD. Total energy contributions sum to <100% because some food groups are not presented in the table. Remaining food groups that were included
in forming the clusters but are not shown because they did not differ measurably across groups include added fats, potatoes, nuts, pizza, pasta, rice, snacks,
legumes, eggs, soups, coffee and tea, sweet potatoes, other grains, condiments, and diet drinks.

2 Significantly different than most other groups, on the basis of comparisons in general linear models, P < 0.05.
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intake from meat, poultry, and fish (18.1% compared with
12.2–16.7% in other groups), milk and dairy products (12.8%
compared with 7.9–11.3%), and bread (11% compared with
7.2–8.7%), and less from sweet baked products. Group 2 (meat
and baked products, n = 260) also had high meat intake (16.7%
of total energy intake), including the highest intake of processed
meats, and had a moderately high intake of sweet baked products
(14%). Group 3 (sweet baked products, n = 69) had a high intake
of sweet baked products, including cakes, pies, doughnuts, and
cookies (28.7% compared with 4.8–14%), and a low intake of
fruit, vegetables, bread, and cereal. Group 4 (alcohol, n = 81) had
a high intake of alcohol (18.5% compared with 2.1–3.1%).
Group 5 (candy, n = 75) had a high candy intake (20% compared
with 2.5–5.1%). Group 6 (fruit, vegetables, and cereal, n = 109)
had the highest intake of fruit and vegetables (29.7% compared
with 11.3–15.6%) and of breakfast cereal (6.6% compared with
2.5–5.4%) and the lowest intake of red and processed meats and
of candy and soft drinks.

Some of the descriptive variables by food group are shown in
Table 3. BMI, physical activity score, and use of either calcium
or vitamin D supplements did not significantly differ across
dietary pattern groups. Age did differ significantly (P < 0.01)
across groups and ranged from an average of 73.6 y in the alco-
hol group to 76.2 y in the fruit, vegetables, and cereal group.
Although men composed 38% of the total group, they made up a
larger proportion of the alcohol group (53%) and a smaller pro-

portion of the fruit, vegetables, and cereal group (30%). The
alcohol group also contained the most current and former smok-
ers (28.4% and 55.6%, respectively). The fewest smokers were
in the fruit, vegetables, and cereal group (4.69% and 39.4% cur-
rent and former smokers, respectively).

These dietary patterns, defined by food intake, also differed
significantly in nutrient intake (Table 4). The candy group had
the highest energy intake; the fruit, vegetables, and cereal and the
meat, dairy, and bread groups had the lowest. The highest protein
intakes were in the meat, dairy, and bread group. The lowest pro-
tein intakes were in the candy and the sweet baked products
groups. After adjustment for total energy intake, the fruit, vegeta-
bles, and cereal and the meat, dairy, and bread groups had the
highest micronutrient intakes, and the candy and the sweet baked
products groups tended to have the lowest.

Results of the comparisons of BMD across dietary pattern
groups are presented in Figures 1–4. Overall interpattern differ-
ences were significant for men at the femoral neck (P = 0.001)
and Ward’s area (P = 0.002) and approached significance at the
trochanter and radius (P < 0.06). For women, the overall compar-
ison across groups was significant only at the radius (P = 0.004).

For men, at all sites, the dietary pattern group with the greatest
average BMD was the fruit, vegetables, and cereal group. For all
3 of the hip sites, and after adjustment for potential confounders
and for multiple comparisons, this group’s BMD was significantly
greater than 2 or more of the other groups (P = 0.05). BMD at the
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TABLE 4
Energy-adjusted nutrient intakes across dietary pattern groups1

Meat and
Meat, dairy, sweet baked Sweet baked Fruit, vegetables,

and bread group products group products group Alcohol group Candy group and cereal group
(n = 313) (n = 260) (n = 69) (n = 81) (n = 75) (n = 109) P

Energy (MJ) 6.8 ± 2.3 7.3 ± 2.3 8.1 ± 2.7 7.4 ± 2.6 8.4 ± 3.02 6.8 ± 2.42 0.0001
Protein (g) 76.6 ± 0.72 67.1 ± 0.8 57.6 ± 1.62 61.0 ± 1.4 58.0 ± 1.52 64.2 ± 1.2 0.0001
Calcium (mg) 933 ± 202 731 ± 21 633 ± 422 696 ± 38 705 ± 40 873 ± 33 0.0001
Vitamin D (IU) 384 ± 142 296 ± 16 246 ± 312 297 ± 28 261 ± 302 375 ± 242 0.0001
Phosphorous (mg) 1237 ± 132 1041 ± 14 898 ± 272 966 ± 25 942 ± 26 1139 ± 21 0.0001
Magnesium (mg) 319 ± 3.7 276 ± 4.1 229 ± 8.02 268 ± 7.3 250 ± 7.72 341 ± 6.32 0.0001
Potassium (mg) 3210 ± 31 2807 ± 34 2381 ± 672 2598 ± 61 2494 ± 64 3493 ± 532 0.0001
Vitamin C (mg) 275 ± 15 226 ± 16 182 ± 32 247 ± 29 168 ± 312 305 ± 252 0.0011
Vitamin K (�g) 165 ± 6.0 156 ± 6.5 115 ± 132 138 ± 12 122 ± 12 198 ± 102 0.0001

1 For total energy intake, x– ± SD; for nutrient intakes, x– ± SE, adjusted for total energy intake.
2 Significantly different than most other groups, on the basis of comparisons in general linear models, P < 0.05.

TABLE 3
Characteristics of participants across dietary pattern groups1

Meat and
Meat, dairy, sweet baked Sweet baked Fruit, vegetables,

and bread group products group products group Alcohol group Candy group and cereal group
(n = 313) (n = 260) (n = 69) (n = 81) (n = 75) (n = 109) P

Age (y) 74.8 ± 4.7 75.7 ± 4.9 75.5 ± 5.2 73.6 ± 4.1 75.1 ± 4.8 76.2 ± 5.2 0.003
Men (%) 33.23 41.15 43.48 53.09 37.3 30.28 0.008
BMI (kg/m2) 26.7 ± 4.7 26.8 ± 4.8 26.7 ± 5.4 25.7 ± 3.4 26.3 ± 4.5 26.7 ± 4.4 0.50
Physical activity score 33.3 ± 5.0 33.9 ± 6.3 33.8 ± 6.1 34.0 ± 5.6 33.4 ± 5.3 32.4 ± 5.3 0.27
Smoking status (%)

Past smoker 50.5 45.0 39.1 55.6 45.3 39.4 0.0001
Current smoker 7.4 10.0 14.5 28.4 14.7 4.6

Vitamin D supplement user (%) 31.3 23.1 21.7 27.2 24.0 29.4 0.25
Calcium supplement user (%) 21.1 16.2 14.5 12.4 13.33 19.3 0.29

1 x– ± SD.
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radius was significantly greater in the fruit, vegetables, and cereal
group than in the candy group. The mean BMD in the candy group
was significantly lower than in the fruit, vegetables, and cereal
group for the Ward’s area and femoral neck sites (P < 0.001), with
differences of 16.5% and 23.8%, respectively.

For women, the candy group also had the lowest average
BMD at most sites and was significantly lower than all but one
other group (the sweet baked products group) at the radius. The

advantage of the fruit, vegetables, and cereal group was not as
clear in the women as in the men, but their BMD tended to be
higher than in several other groups. BMD in the candy group was
significantly lower, by 11.5%, than in the fruit, vegetables, and
cereal group at the radius. In contrast with the men, women in
the alcohol group tended to have higher BMD than did other
dietary groups among the women; it was significantly greater
than the candy group, by 14.7%.

DIETARY INTAKE PATTERNS AND BONE IN OLDER ADULTS 249

FIGURE 1. Adjusted mean (± SE) bone mineral density (BMD) at the femoral neck by dietary pattern. Overall significance of pattern, after adjust-
ment for BMI, height, age, energy intake, physical activity score, smoking, vitamin D supplement use, calcium supplement use, and season: P = 0.001
in men and P = 0.3 in women (with additional adjustment for estrogen use). Bars with different letters are significantly different, P < 0.05; the Tukey-
Kramer option was used to correct for multiple comparisons in general linear models.

FIGURE 2. Adjusted mean (± SE) bone mineral density (BMD) at the trochanter by dietary pattern. Overall significance of pattern, after adjust-
ment for BMI, height, age, energy intake, physical activity score, smoking, vitamin D supplement use, calcium supplement use, and season: P = 0.06
in men and P = 0.4 in women (with additional adjustment for estrogen use). Bars with different letters are significantly different, P = 0.05; the Tukey-
Kramer option was used to correct for multiple comparisons in general linear models.
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DISCUSSION
We identified 6 distinct dietary patterns in this population of

Framingham elderly adults and found that these dietary patterns
were associated with BMD. Men with a diet high in fruit, veg-
etables, and cereal had significantly greater BMD than did men
with other dietary patterns. In contrast, those consuming the
most candy had significantly lower BMD than did most other
groups. Results were not as clear among women, but the candy
group consistently had the lowest BMD. Although women in the
fruit, vegetables, and cereal group tended to have higher BMD
than did other groups, the alcohol group also had high BMD,
comparable to the fruit, vegetables, and cereal group at most
sites. This apparent protective effect of alcohol was not seen in
men. The meat, dairy, and bread and the meat and sweet baked
products groups tended to have intermediate BMD.

We previously found that greater fruit and vegetable intake,
along with magnesium and potassium intake, was associated
with greater BMD in this population (2), and the results of the
present study are consistent with that finding. New et al (25, 26)
found similar associations with fruit and vegetables in a popula-
tion of premenopausal women. Not surprisingly, compared with
other dietary pattern groups, our fruit, vegetables, and cereal
group had the highest intakes of magnesium, potassium, vitamin C,
and vitamin K—nutrients recently receiving more attention in
relation to bone status. Intakes of the nutrients most associated
with bone—calcium and vitamin D—were greatest in the meat,
dairy, and bread group but were also high in the fruit, vegetables,
and cereal group.

Protein has been associated with calcium loss (27), and high
protein intake has been hypothesized to contribute to BMD loss.
However, results of epidemiologic studies have been conflicting.
We previously showed that total protein and animal protein
intakes were protective against bone loss in this population (28),
and others also showed better bone status with higher protein
intake (29, 30). In contrast, a recent study reported greater bone

loss at the femoral neck and more hip fracture with higher animal-
vegetable protein ratios (31). Heaney (4) argues that the actual
effect of protein intake on bone is complicated and dependent on
other components in the diet. He suggests, for example, that the
calciuric effect of protein may be offset by increased intestinal
calcium absorption, unless calcium intakes are quite low. Other
nutrients in the diet are also likely to affect the association
between protein intake and calcium loss. This is one reason that
the use of dietary pattern analysis is particularly useful. In the
present analysis, those with the highest protein intake were in the
meat, dairy, and bread and the meat and sweet baked products
groups, both with average BMDs that were higher than those of
the candy group (significantly in women) but lower than those of
the fruit, vegetables, and cereal group. These groups also had
higher intakes of calcium, vitamin D, phosphorous, magnesium,
potassium, and vitamin C than did the alcohol, candy, or sweet
baked products groups. Consistent with these overall nutrient
profiles, the candy group, followed by the sweet baked products
group, had the lowest BMD, suggesting that the displacement of
nutrient-dense foods in the diet may explain why high intake of
these foods is detrimental to bone status.

Although alcoholism is known to have negative effects on bone
(32), a positive association between alcohol intake and BMD in
women was previously reported in this population (33) and
others (34–36). This positive association has been hypothesized
to be caused by the effects of alcohol on adrenal androgens
or estrogen concentrations (37). The alcohol group in the pres-
ent study consumed, on average, �18.5% (17% for women and
20% for men) of their energy intake from alcohol [�1.17 MJ
(�2 drinks)/d for women and 1.56 MJ (3 drinks)/d for men,
based on reported energy intakes], and they had moderate intakes
of several micronutrients. At this level, alcohol intake appeared
to be protective in women at the radius, where the BMD of the
alcohol group was significantly greater than that of the candy
group. We may have seen this association among women and not
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FIGURE 3. Adjusted mean (± SE) bone mineral density (BMD) at Ward’s area by dietary pattern. Overall significance of pattern, after adjustment
for BMI, height, age, energy intake, physical activity score, smoking, vitamin D supplement use, calcium supplement use, and season: P = 0.002 in
men and P = 0.2 in women (with additional adjustment for estrogen use). Bars with different letters are significantly different, P < 0.05; the Tukey-
Kramer option was used to correct for multiple comparisons in general linear models.

 by on M
arch 18, 2010 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org


men because of the importance of the estrogen boost from alco-
hol in these postmenopausal women or because of the lower
levels of absolute alcohol consumption among women in the
alcohol cluster than among men in that cluster. Although alcohol
is apparently protective of BMD in these women, further inves-
tigation of its effect on bone status and fracture risk is needed. A
recent study showed that women who consumed alcohol (yes
or no) had significantly fewer fractures than nondrinkers (38).
However, another study showed that > 14 drinks/wk was associ-
ated with greater fracture risk (39).

In addition to cluster analysis, common methods of defining
dietary patterns include principal component analysis and the
creation of scores relative to dietary recommendations. In these
various forms, dietary patterns were associated with different
nutrient profiles, socioeconomic factors, and health outcomes
(40–45). As with all of these methods, cluster analysis is data
dependent, and different dietary patterns will be found in popula-
tion groups with differing dietary intakes. Despite this, investiga-
tions in US and European populations have generated similar
dietary pattern groups that usually include, among others, groups
with high intakes of bread or sweets, of alcohol, of fruit and veg-
etables, and of meat (41, 42, 46, 47). The examination of total
dietary patterns facilitates a different, more holistic assessment of
the evidence and thereby complements the more common analy-
sis of individual foods and nutrients. The results of such analyses
can both confirm the findings about individual nutrients and
foods and tell us if our overall constellation of food choices is
associated with health outcomes.

These results suggest that a good-quality diet with high
intakes of fruit, vegetables, and breakfast cereal—and limited in
less nutrient-dense foods—may contribute to better accumulated
BMD in old age, particularly in men. In women, alcohol may
also be protective. Both men and women consuming nutrient-
poor diets, particularly those with a high intake of candy, had
significantly poorer BMD. The use of dietary patterns is helpful

in clarifying associations of actual dietary choices on bone and
in placing observed individual food and nutrient associations
into context.
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