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Original Research

Dietary Protein, Phosphorus and Potassium Are
Beneficial to Bone Mineral Density in Adult Men
Consuming Adequate Dietary Calcium

Susan J. Whiting, PhD, Jennifer L. Boyle, MSc, Angela Thompson, PhD, Robert L. Mirwald, PhD, and
Robert A. Faulkner, PhD

College of Pharmacy and Nutrition and College of Kinesiology, University of Saskatchewan, Saskatoon, Saskatchewan, CANADA
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Objective: The purpose of this study was to determine relationships of calcium (Ca), protein (Pr),
phosphorus (P) and potassium (K) to measures of bone mineral density in adult men.

Methods: Cross-sectional analysis of 57 men ages 39 to 42 years who were participants in an ongoing study.
Dietary assessment was conducted using the Block food frequency questionnaire (FFQ). BMD of total body
(TB), hip and lumbar spine (LS) were measured with dual X-ray absorptiometry (DXA).

Results: Ca, Pr, P and K, as well as lean body mass (LBM), showed significant correlation with BMD at the
total body, hip and lumbar spine. Stepwise forward regression selection method identified LBM, height and fat
mass as significant predictors of TB-BMD, LBM and height as significant predictors of hip BMD, and LBM as
a significant predictor of LS-BMD. As the nutrients tested correlated significantly with each other, only one
nutrient was entered into the regression model at a time to accommodate the potential for multicollinearity. In
regression analysis, adjusted for site-specific anthropometric variables and energy intake, K, Pr and P intake
accounted for significant (p � 0.05) prediction of TB-BMD and LS-BMD values by 7% to 13%. No bone-related
nutrient added significantly to the prediction of hip BMD. Ca intake was not significantly associated with BMD
at any site in the adjusted models.

Conclusions: Our analysis provides support that a moderate protein (1.2 g/kg) diet, plentiful in potassium
(�100 mmol/day) and phosphorus (1741 � 535 mg) is beneficial for maintaining bone mineral density in adult
men when Ca intake was adequate (1200 � 515 mg).

INTRODUCTION

Failure to gain optimal bone density during adolescence and
young adulthood contributes to low bone density, leading to
osteoporosis later in life. Similarly, failure to reduce bone loss
throughout adulthood also contributes to low bone density.
Although efforts to prevent osteoporosis have focussed on
young people in their growing years, efforts could be made to
promote maintenance of bone mass by reducing bone loss
throughout adulthood. Although calcium intake has been a

main area of research, it is noteworthy that diets adequate in
calcium are often adequate in many other essential nutrients for
good bone health, including vitamin D, potassium, magnesium,
phosphorus, and protein [1]. Determining dietary patterns is
important for making food-based recommendations.

Recent studies report a significant positive relationship be-
tween high protein intakes and bone density [2,3]; however,
others espouse the view that a high protein diet, by increasing
urinary calcium excretion, has a negative affect on bone [4,5].
On the other hand, there is growing evidence that low dietary
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Abbreviations: BMD � bone mineral density, LS � lumbar spine, TB � total body, DXA � dual X-ray absorptiometry, LBM � lean body mass, FM � fat mass, SD �
standard deviation, HHHQ � Health, Habits and History Questionnaire, FFQ � food frequency questionnaire, SGDFS � Saskatchewan Growth and Development
Followup Study, CV � coefficient of variation.
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protein negatively affects bone metabolism [6,7]. Studies of
potassium intake indicate that fruit and vegetable intake may
decrease the adverse effect of dietary acid load on bone
[8,9,10]. While high phosphorus intakes may seriously alter
calcium metabolism [11], one study reported that protein, phos-
phorus and calcium intakes were positively correlated with
bone mineral density, suggesting a greater intake of each of
these, including phosphorus, was beneficial [3]. None of these
studies has looked at all three—protein, phosphorus and potas-
sium—at the same time.

While many studies have examined dietary intakes of adult
women in relation to bone mineral mass, few have examined
men. The etiology of bone loss in adult men is multifactorial
and includes heredity, lifestyle such as smoking, alcohol con-
sumption and physical activity, hormonal function and different
nutritional factors [12]. Since a well-balanced diet may be an
important modifiable factor related to bone health [1], it is
important to determine the role of nutrition in maintenance of
bone mineral density in adult men. Therefore, we examined the
effect of dietary factors on bone mineral density in adult men in
a cross-sectional study in which dietary information was col-
lected using a food frequency questionnaire. Three outcome
variables were evaluated: total body bone mineral density (TB-
BMD), total hip bone mineral density (hip BMD), and lumbar
spine bone mineral density (LS-BMD).

METHODS

Subjects

A cross-sectional analysis of all male subjects from the
Saskatchewan Growth and Development Follow-up Study
(SGDFS) who completed both the dietary assessment and bone
measurements was performed. Subjects recruited for the
SGDFS had previously participated in the Saskatchewan
Growth and Developmental Study between 1964 and 1973, a
longitudinal study of 131 boys [13]. The initial sample was
randomly stratified on a socioeconomic basis from elementary
schools in Saskatoon. Dietary intakes were not obtained. In
1998, the SGDFS began, with the purpose to examine the
relationship between physical activity and fitness in childhood/
adolescence and health habits, physical activity level and phys-
ical fitness in middle adulthood. Subjects were contacted
through media. Upon agreement to participate in the follow-up
study (SGDFS), the subjects were sent four questionnaires to
self-administer: 1) demographics, 2) milk history [14], 3) food
frequency and 4) health, habits and behaviors. Data on current
physical fitness level, physical activity level, bone mineral
density, health habits, anthropometric measures, dietary intake
and demographics were collected. Seventy men (53% of orig-
inal cohort) completed at least part of the follow-up study.

Dietary Assessment

Usual dietary intake was assessed using the Health, Habits,
and History Questionnaire (HHHQ), a semi-quantitative ques-
tionnaire also known as the “Block” FFQ [15–17]. Although
mailed to subjects, there was opportunity to have questions
answered by a trained undergraduate nutrition student at the
time of bone scans. FFQs were analyzed using Dietsys Version
3.0, obtained from the National Cancer Institute. All FFQs were
coded and double-entered by the same researcher. One subject
had a low reported energy intake (below 1000 kcal) that re-
mained low even after repeated measurement; this subject was
excluded. Food group servings and amount of alcohol based on
medium-sized drinks consumed per day were provided by
Dietsys.

Anthropometric Assessment

Body measurements were taken by a trained anthropom-
etrist according to published protocol [18] during the time the
bone scan was performed, in a hospital setting. Measurements
included height, weight and skinfolds of the triceps, subscap-
ular, biceps, pectoral, supraspinale, iliac crest, abdominal, front
thigh and medial calf skinfolds from the right side of the body.
Height was measured twice and recorded to the nearest 0.1 mm.
Weight was measured twice and recorded to the nearest 0.1 kg.
Skinfold measurements were also taken twice with Harpenden
calipers and recorded to the nearest 0.1 mm.

Bone Mineral Measurement

Bone measures were obtained using dual-energy X-ray ab-
sorptiometry using the Hologic QDR 2000 in array mode at the
Department of Nuclear Medicine, Royal University Hospital,
Saskatoon. Subjects (n � 57) wore t-shirts and loose fitting
shorts, with shoes and metal objects removed. BMD was as-
sessed at the lumbar spine, proximal femur and total body sites.
Bone mineral content and bone area were also determined. All
scans were analyzed by the same qualified individual. Short
term precision values (expressed as coefficient of variation,
CV%) were less than 1.1% at both the proximal femur and
lumbar spine, and 0.51% for the total body BMD [19].

Other Questionnaires

Current activity levels were assessed using the Seven-Day
Physical Activity Recall [21], administered at the time subjects
had their bone scans. Each component of the activity question-
naire was multiplied by an appropriate weighting factor based
on an estimate of energy expenditure and summed to arrive at
an estimate of total kilocalories expended per day from activity
for each subject. Information on current and past smoking
habits was collected. The number of pack-years smoked (as-
suming 20 cigarettes per pack) was calculated for all past and
current smokers.
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Statistical Analysis

All statistical analyses were performed with SPSS (Statistical
Package for the Social Science) Version 9.0 (SPSS Inc., Chicago).
A p-value of � 0.05 was considered significant. The data were
initially explored for outliers and missing values. Descriptive
statistics were determined for all variables. The relation between
nondietary factors (age, weight, height, fat mass, lean body mass,
physical activity levels, alcohol consumption, coffee consumption
and pack-years smoked) and bone mass was examined using
Pearson correlation coefficients; then, forward stepwise multiple
regression was used to determine which factors significantly pre-
dicted BMD. Lean body mass, fat mass and height were identified
as significant predictors of total body BMD; lean body mass and
height were significant predictors of total hip BMD, and lean body
mass was identified as a significant predictor of lumbar spine
BMD. Thus, these factors were considered confounders and were
controlled in all subsequent nutritional analyses of BMD. Because
most nutrients correlate with energy intake, adjusting for energy
was necessary to assess the independent effect contributed by the
nutrient of interest [9,10]. Furthermore, controlling for energy
intake may account for differences that may have been due to body
size or activity levels, as well as correct for some of the measure-
ment error inherent in the FFQ [21]. Energy was controlled by
including it as a confounding variable within each regression
model. All distributions were checked for normalcy.

To better understand the potential of collinearity among
energy, calcium, potassium, protein and phosphorus intakes,
simple and partial (adjusted for identified non-dietary con-
founders) correlations among these variables were performed.
Because these analyses showed evidence of high collinearity
(r � 0.8) among most variables, it was not possible to assess
the independent effects of calcium, potassium, protein and
phosphorus on BMD in the same model. Intake for each nutri-
ent (calcium, potassium, protein or phosphorus) and energy
was entered into each BMD regression model of non-dietary
predictors/confounders by the forward stepwise regression pro-
cedure using a staged approach with only one nutrient entered
at a time [9,10]. Partial F tests [22] were calculated to deter-
mine if the addition of the nutrient to the model significantly
contributed to the prediction of BMD over and above that
achieved by the non-dietary predictors already in the model.
This method allowed the strongest independently predictive
factors of BMD to be identified.

RESULTS

Mean values (� SD) for subject characteristics including life-
style factors, BMD, and anthropometric measurements are de-
scribed in Table 1. Forty-nine per cent of subjects were within a
BMI range of 20–26, 18% were marginally above, 28% were
overweight and the remaining 5% were underweight. The average
hip BMD of the subjects, ages 39 to 42 years, was similar to that

of young adult non-Hispanic men, ages 20 to 29 years, measured
in NHANES III [23]. One subject had a hip BMD of 2.5 standard
deviations below the mean hip BMD of the young adult standard
reference group. The majority of the subjects, 82.5%, had normal
hip BMD values. Physical activity, alcohol consumption, coffee
consumption and smoking were considered possible confounders
in diet-bone relationships; however, no significant correlations
were found between these lifestyle factors and bone density mea-
surements (data not shown).

Mean (� SD) and 5th and 95th percentiles of nutrient intake
for energy and nutrients used in analyses and for servings/day of
the four food groups are presented in Table 2. Seventy-two per
cent of the subjects were below the average energy requirement
(2700 kcal/day) for adult men ages 25 to 49 [24]. Average protein
intake per kilogram body weight was 1.17 g/kg body weight, with
19% of subjects having an intake below the current Canadian
recommendation of 0.86 g of protein/kg body weight [24]. Aver-
age reported calcium intake was above the AI of 1000 mg/day
[25]. All subjects (100%) reported phosphorus intakes above the
1997 RDA of 700 mg/day [25]. The average intake for potassium
was above the U.S. 1989 RDA desirable intake of 90 mmol/day
[26]. Average servings of fruit and vegetables, milk products,
breads and cereals, and meat, fish and poultry were close to
recommended servings for Canadians (i.e., 5–10, 2–4, 5–12, 2–3,
respectively) considering Dietsys serving sizes were generally
larger than Health Canada sizes [27].

Energy intake was significantly and highly correlated with
calcium, phosphorus, potassium and protein (r � 0.56, 0.76, 0.80
and 0.84, respectively); therefore, we adjusted for energy in all
subsequent analyses. Correlations among dietary calcium, phos-
phorus, potassium, protein, adjusted for energy were strong, indi-
cating collinearity (Table 3). Lean body mass was significantly
correlated (p � 0.01) with all three BMD sites (r � 0.37–0.45)

Table 1. Characteristics of Subjects (n � 57)

Measurement Mean � SD Range

Age (years) 39.6 � 0.6 39–42
Weight (kg) 84.3 � 15.3 57.5–127.3
Height (cm) 178 � 7 157–195
Physical Activity (kcal/day) 2260 � 1479 0–7092
Smoking (pack-yearsa) 16.7 � 12.2 0.1–57.5
Alcohol consumption

(drinks/day) 0.8 � 0.2 0–8.4
Coffee intake (cups/day) 2.7 � 2.4 0–10
BMI (kg/m2) 26.5 � 4.2 19.1–39.3
Body Fat (%) 23.7 � 7.8 9.3–42.3
Fat Mass (kg) 20.9 � 10.3 5.3–53.8
Lean Body Mass (kg) 60.4 � 6.8 49.3–76.7
Total Body BMD (g/cm2) 1.15 � 0.09 0.94–1.43
Hip BMD (g/cm2) 1.01 � 0.14 0.61–1.38
Lumbar BMD (g/cm2) 1.03 � 0.13 0.77–1.36

BMD � bone mineral density.
a average pack-years (#cigarettes per day/20 � #years smoked) for former

and current smokers, n � 32; value does not include 25 subjects who never

smoked.
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while weight approached significance (r � 0.258, p � 0.053) at
the total body BMD site. No significant correlations between age,
height, percent body fat, fat mass and bone mineral density mea-
sures were found. Lean body mass, height and fat mass were
selected to be included in the predictive model of total body BMD.
Lean body mass and height were significant predictors of total hip
BMD, and only LBM was significantly related to spine BMD.
These factors were considered confounders in the relationship
between calcium/bone-related nutrients and BMD and were con-
trolled for in all subsequent analyses.

Dietary protein, phosphorus and potassium were significantly

correlated with all three BMD sites, while calcium intake was
significantly correlated with total body and spine BMD. These are
shown as unadjusted data in Table 4. When adjusted for energy
intake and appropriate anthropometric measures, all correlations
among protein, potassium and phosphorus and BMD measures
remained significant, while associations between calcium and
BMD measures became insignificant (adjusted values, Table 4).
Fruit and vegetable intake was significantly correlated with total
body BMD but became insignificant once adjusted for anthropo-
metric measures and energy intake. No other food group was
significantly associated with BMD at any site.

Calcium, potassium, phosphorus and protein intakes were
added individually to three BMD models—total body, hip and
spine. The complete display of regression models for total body
BMD only is shown in Table 5. Models containing a combi-
nation of two or more of calcium, potassium, phosphorus and
protein tended not to show independent effects because of the
high collinearity between dietary nutrients of interest (data not
shown). Generally, potassium, protein and phosphorus were
determined to significantly contribute to the prediction of TB
BMD and spine BMD, but not hip BMD, over and above the
models consisting of non-dietary predictors (Table 6). The

Table 2. Daily Intake of Bone-Related Nutrients of Male Subjects (n � 57)

Nutrient/Food Group1 Mean � SD 5th 50th 95th

Energy (kcal) 2343 � 715 1370 2202 3458
Protein (g) 97 � 27 61.1 91.7 147.4
Ca (mg) 1200 � 515 508 1050 2112
P (mg) 1741 � 535 1098 1669 2723
Ca:Pr (mg/g) 12.1 � 3.9 6.2 11.6 19.5
Ca:P (mg/mg) 0.66 � 0.16 0.45 0.67 0.89
K (mg) 3787 � 1093 2283 3572 5578
Fruit & Vegetables (serving) 4.2 � 2.1 1.7 3.5 8.2
Milk Products (serving) 3.4 � 2.5 0.8 2.7 10.2
Breads and Cereals (serving) 3.1 � 1.4 1.0 2.9 5.8
Meat2 (serving) 2.1 � 0.7 1.0 2.1 3.8

1 Food Groups according to HHHQ [16–18].
2 Alternates such as eggs, peanut butter, beans and lentils not included.

Ca � calcium, P � phosphorus, Ca:Pr � calcium:protein ratio, Ca:P � calcium:phosphorus ratio, K � potassium.

Table 3. Pearson Correlation Coefficients between Dietary
Calcium, Phosphorus, Potassium and Protein Adjusted for
Energy Intake1

Calcium Phosphorus Potassium Protein

Calcium 1.00 0.881 0.587 0.519
Phosphorus 1.00 0.733 0.761
Potassium 1.00 0.566
Protein 1.00

1 n � 57; all Pearson correlation coefficients are significant, p � 0.001.

Table 4. Pearson Correlations Coefficients for Nutrient Intakes and Bone Mineral Density Measures Unadjusted and Adjusted for
Non-Dietary Factors and Energy Intake

Total body BMD Hip BMD Spine BMD

Unadjusted Adjusted1 Unadjusted Adjusted2 Unadjusted Adjusted3

Calcium 0.285* 0.218 0.213 0.115 0.253 0.189
Phosphorus 0.373** 0.385** 0.301* 0.272* 0.296* 0.331*
Protein 0.358** 0.383** 0.289* 0.322* 0.284* 0.419**
Potassium 0.404** 0.401** 0.346** 0.309* 0.325** 0.400**
Fruit & Vegetable Intake 0.297* 0.187 0.201 0.122 0.141 0.129

n � 57.
1 Controlled for lean body mass, fat mass, height, and energy intake.
2 Controlled for lean body mass, height, and energy intake.
3 Controlled for lean body mass, and energy intake.

Significance: * p � 0.05, ** p � 0.01.
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addition of calcium to the models did not significantly contrib-
ute to the prediction of BMD at any site.

Potassium was significantly associated with total body and
spine BMD sites; there was a 4.3% increase in total body BMD
and a 7.3% change in lumbar spine BMD with every 1000 mg
increase in potassium intake. The differences in adjusted R2

values for the non-dietary model and the model containing
potassium indicate that about 9% of the variation in TB BMD
and 11.6% of the variation in spine BMD can be explained by
dietary potassium intake. Similarly for phosphorus intake, the

change in BMD associated with a 1000 mg increase in phos-
phorus intake was 6.9% in total body BMD and 11.7% in
lumbar spine BMD with every 1000 mg increase in phosphorus
intake. Approximately 8.1% of the variation in total body BMD
and 7.0% of the variation in spine BMD can be explained by
dietary phosphorus intake. Protein intake also made a signifi-
cant contribution to the prediction of TB BMD and spine BMD.
There was a 1.7% change in total body BMD and a 3.4%
change in lumbar spine BMD for every 10 g increase in dietary
protein. About 8.0% of the variation in total body BMD and

Table 5. Final Multiple Linear Regression Models of Total Body BMD with and without Addition of Bone Related Nutrients

Variable Coefficient SE t p

Model 11: TB-BMD � Constant � LBM � Ht � FM
Constant 1.373 0.265 5.18 �0.01
LBM 0.011 0.002 5.12 �0.01
Ht �0.0046 0.002 �2.57 0.01
FM �0.0024 0.001 �2.11 0.04
Adjusted R2 � 0.296

Model 2: TB-BMD � Constant � LBM � Ht � FM � Energy � Ca2

Constant 1.42674 0.26727 5.34 �0.01
LBM 0.01029 0.00215 4.78 �0.01
Ht �0.00478 0.00178 �2.69 0.01
FM �0.00273 0.00115 �2.37 0.02
Energy �0.00002 0.00002 �0.98 0.33
Ca 0.00004 0.00002 1.60 0.12
Adjusted R2 � 0.303

Model 3: TB-BMD � Constant � LBM � Ht � FM � Energy � K3

Constant 1.2860 0.2509 5.13 �0.01
LBM 0.0086 0.0021 4.11 �0.01
Ht �0.0037 0.0017 �2.57 0.01
FM �0.0030 0.0011 �2.11 0.04
Energy 0.00006 0.00002 �2.57 0.01
K 0.00005 0.00002 3.13 0.01
Adjusted R2 � 0.386

Model 4: TB-BMD � Constant � LBM � Ht � FM � Energy � Protein3

Constant 1.36000 0.25142 5.41 �0.01
LBM 0.00941 0.00207 4.54 �0.01
Ht �0.00439 0.0017 �2.61 0.01
FM �0.00298 0.00108 �2.14 0.04
Energy �0.00006 0.00002 �2.52 0.02
Protein 0.00193 0.00065 2.96 �0.01
Adjusted R2 � 0.376

Model 5: TB-BMD � Constant � LBM � Ht � FM � Energy � P3

Constant 1.41683 0.25144 5.63 �0.01
LBM 0.00970 0.00205 4.73 �0.01
Ht �0.00467 0.00168 �2.67 0.01
FM �0.00291 0.00109 �2.77 0.01
Energy 0.00005 0.00002 �2.31 0.02
P 0.00008 0.00003 2.98 �0.01
Adjusted R2 � 0.377

n � 57.
1 Model of non-nutrient predictors of BMD determined by forward stepwise regression (variables entered: age, LBM, FM, height, education level, physical activity, alcohol

consumption, coffee consumption, and pack years smoked).
2 Addition of nutrient to model is not significant (Partial F Test).
3 Addition of nutrient to model significant (Partial F Test), p � 0.05.

TB-BMD � total body bone mineral density, LBM � lean body mass, Ht � height, FM � fat mass, Energy � energy intake, Ca � calcium, K � potassium, P �

phosphorus.
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12.9% of the variation in spine BMD can be explained by
protein intake.

DISCUSSION

The primary focus of this study was to examine the effect of
calcium and bone-related nutrients (potassium, protein and
phosphorus) on bone mineral density in male subjects ages 39
to 42 years. The average daily intake of calcium, as well as
potassium, protein and phosphorus, exceeded recommended
intakes in our subjects. A diet high in calcium intake appears to
be a marker of a diet which is high in most or all other essential
nutrients [28]. Indeed, this group of middle-aged men could be
described as an above average group of individuals in terms of
eating a well-balance diet, at an ideal body weight for height,
and having good bone density.

Many factors, such as age, weight, height, BMI, physical
activity, are reported to play a role in the degree of bone density
obtained in men [29]. Age was not a confounder because our
group had a narrow age range, 39 to 42 years. Our stepwise
procedure identified lean body mass, fat mass and height as
significant predictors of TB BMD. Lean body mass and height
were significant predictors of hip BMD, and lean body mass
was a significant predictor of spine BMD. Nutrient intakes
were adjusted for total energy intake. No significant relation-
ships between the nutrients of interest (calcium, phosphorus,
protein, potassium) and BMD were found at the three sites
when all four were added simultaneously; therefore; each nu-
trient was entered individually into the models, as others have
done in situations of collinearity [9,10,31].

The evidence of a positive relationship between dietary
calcium and bone density is well accepted from clinical ran-
domized control trials [25] and increasingly from observational
studies [32]. Our study did not find an association between
calcium and bone mineral density at any of the three sites, once
anthropometric factors were controlled for, a finding consistent
with calcium’s being a threshold nutrient [33]. Our subjects’
mean intake of calcium exceeded the Adequate Intake level of
1000 mg [25]. As discussed below, the fact that calcium intake

was adequate may have impacted on the findings for the other
nutrients examined [34].

Dietary potassium was determined a significant predictor of
TB BMD when LBM, FM, height and energy intake were
controlled and a significant predictor of spine BMD when LBM
and energy intake were controlled. Others have reported that
greater potassium intakes, from fruit and vegetables, were
associated with increased BMD at hip sites in elderly men and
women [9] and with spine BMD in premenopausal women [8].
The beneficial effects of dietary potassium on bone health is
well established in the literature [35–38]. Experimentally, sup-
plemental KHCO3 has been shown to be hypocalciuric in
subjects consuming moderate protein diets [37], to reduce
high-protein induced hypercalciuria [38] and reduce the rate of
bone resorption [36] by improving calcium balance. Epidemi-
ological research has also been successful in showing a positive
relation between dietary potassium and BMD [8–10]. In the
final linear regression models for TB BMD and spine BMD,
potassium was able to explain 9% of the variation in TB BMD
and 12% of the variation in spine in our male subjects. These
subjects had a diet with good variety, which was relatively high
in fruits and vegetables. With an increase in fruit and vegeta-
bles in the diet, there is also an increase in a variety of other
nutrients, such as magnesium, vitamin C and vitamin K, that
may also have an effect on bone health [39]. Magnesium was
not directly investigated in this study; however, it was posi-
tively correlated with TB BMD and spine BMD in a crude
analysis (data not shown). As both potassium and magnesium
have been reported to be positively related to BMD in studies
that indicated that increased fruit and vegetable intake was
positively related to BMD [8–10], our findings on potassium
may also apply to magnesium.

Protein was a significant predictor of both TB BMD (p �

0.01) and spine BMD (p � 0.01), but not hip BMD, when
appropriate anthropometric variables and energy intake were
controlled. The average protein intake in this group of men was
96 g/day or 1.17 g/kg body weight, a level considered “mod-
erate” [40–42]. Until recently the focus has been on the neg-
ative effects of excess protein in the diet, yet low dietary
intakes of protein (below the 1989 RDA of 0.8 g/kg body

Table 6. Summary Table of Multiple Regression Models Showing R2 Values for Models with and without Addition of Bone
Related Nutrients

Bone Site
Model 1:

no nutrient
Model 2:

� calcium
Model 3:

� potassium
Model 4:
� protein

Model 5:
� phosphorus

R2 R2 R2 R2 R2

Total Body BMD 0.2961 0.303 0.3864 0.3764 0.3774

Hip BMD 0.1882 0.169 0.238 0.245 0.22
Spine BMD 0.1273 0.131 0.2434 0.2564 0.1974

1 R2 with lean body mass (LBM), fat mass (FM), and height in the model.
2 R2 with LBM, and height in the model.
3 R2 with LBM in the model.
4 Addition of nutrient and energy intake to model is significant (Partial F Test), p � 0.05.
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weight) negatively affect bone [41,43]. Kerstetter and col-
leagues [42] suggested that calcium metabolism is normal
when subjects consumed a well-balanced diet containing mod-
erate amounts of protein (�1.0 g/kg body weight/day). Animal
protein and vegetable protein may have differential effects on
calcium balance [5]; however, not all studies are in agreement
[6,34]. Recently, a study examining the effect of dietary protein
on BMD in elderly men and women was able to show low
calcium absorption with high protein intakes when calcium
intakes were low and higher BMD with high protein when
calcium intakes were high [34]. Together, this study and our
data suggest that protein exerts a positive effect on BMD when
calcium intake is adequate.

Phosphorus intake, similar to potassium and to protein, was
also a significant predictor of both TB BMD and spine BMD,
but not hip BMD. Another study found a similar relation
between phosphorus and BMD, using the same FFQ to gather
dietary intake data [3]. There has been concern about high
phosphorus intakes as current intakes in the U.S. are very high
while at the same time calcium intakes are very low [11].
Furthermore, an individual’s actual phosphorus intake may be
higher than estimated due to inaccurate nutrient composition
tables for phosphorus values of processed foods [44]. To com-
pound the issue, an FFQ does not differentiation between the
use of processed foods (high in phosphates) or unprocessed
foods. For example, there is only one descriptor for soft drinks,
which can be phosphate-containing cola or not (and the phos-
phorus analysis of this food was 0 mg). Therefore, the useful-
ness of an FFQ for determining phosphorus in diet-disease
relationships is limited. Protein and phosphorus intakes were
highly correlated, even when adjusted for energy intake (r �

0.761, p � 0.001). Generally, foods high in protein are also
high in phosphorus, so that dietary phosphorus intakes mea-
sured by the FFQ are most likely reflecting protein intake and
are not likely to be a true reflection of phosphorus in the diet.

Our study suggests that for adult men, a dietary pattern of
adequate calcium intake, moderate protein, and generous po-
tassium contributes to higher BMDs than a pattern where
calcium is adequate but protein and potassium are low. Because
of the collinearity in intake among these nutrients it is difficult
to separate individual effects. Nevertheless, the former dietary
pattern appears to be beneficial to BMD maintenance in men
and can be achieved by incorporating fruit, vegetables and
dairy products into the diet.
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