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Abstract. The recommended dietary phosphorus intake
is exceeded in the typical Western diet. However, few
studies have been conducted on the bioavailability and
metabolic consequences of dietary phosphorus from
different food sources. In this study, acute effects of
dietary phosphorus from three different food sources
and a phosphate supplement on calcium and bone
metabolism were investigated. Sixteen healthy women
aged 20�30 years were randomized to five controlled 24-
hour study sessions, each subject serving as her own
control. At the control session, calcium intake was ca.
250 mg and phosphorus intake ca. 500 mg. During the
other four sessions, phosphorus intake was about 1,500
mg, 1,000 mg of which was obtained from meat, cheese,
whole grains, or a phosphate supplement, respectively.
The foods served were exactly the same during the
phosphorus sessions and the control session; only
phosphorus sources varied. Markers of calcium and
bone metabolism were followed. Analysis of variance
with repeated measures was used to compare the study
sessions. Only the phosphate supplement increased ser-
um parathyroid hormone (S-PTH) concentration com-
pared with the control session (P = 0.031). Relative to
the control session, meat increased markers of both
bone formation (P = 0.045) and bone resorption
(P = 0.049). Cheese decreased S-PTH (P = 0.0001)
and bone resorption (P = 0.008). These data suggest
that the metabolic response was different for different
foods.
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In chronic renal disease, a low-phosphorus diet is
essential for preventing and correcting secondary
hyperparathyroidism and cardiovascular morbidity [1].
Moreover, we have earlier shown that in young healthy
women the combination of 1,500 mg of phosphorus as a
phosphate supplement coupled with 375 mg calcium
intake increases serum parathyroid hormone (S-PTH)

concentration and inhibits bone formation acutely [2].
In our recent controlled study in healthy females, we
demonstrated that S-PTH increased in a dose-dependent
manner with phosphorus intake [3]. Calvo et al. [4] ob-
served a persistent rise in PTH secretion in young wo-
men after 4 weeks� ingestion of a high-phosphorus
(1,700 mg), low-calcium (400 mg) test diet. A high intake
of phosphorus can also decrease the serum calcitriol
concentration, as observed in healthy males [5]. In a
cross-sectional study of young females, a negative
association between phosphorus intake and radial bone
measurements was found [6]. Hence, high phosphorus
intake can negatively affect mineral metabolism in
healthy subjects as well. Results of several animal
studies also support this conclusion [e.g., 7�9].

The dietary reference intake of phosphorus for adults
is 700 mg/day [10]. In Western countries, intakes exceed
recommended levels substantially [11�14]. The best
sources of phosphorus are whole-grain, meat, and milk
products. The use of phosphate additives in commer-
cially prepared foods also increases phosphorus intake.
Calvo and Park [15] estimated that the intake of phos-
phorus from phosphate additives in the United States
was 470 mg/day in 1990. Estimation of phosphorus in-
takes is difficult because the amounts of phosphate
additives used in industrially prepared foods are not well
known [15].

Of dietary phosphorus intake, 60�80% is considered
to be absorbed from the intestine when phosphorus in-
take is at usual levels (775�1,860 mg P/day) [16].
Intestinal phosphate absorption occurs by both passive
and active transport, the latter being stimulated by 1,25-
dihydroxyvitamin D. The majority of dietary phosphate
is absorbed by passive mechanisms. Phosphorus
absorption remains relatively effective even with ex-
tremely low plasma 1,25-dihydroxyvitamin D concen-
trations [17].

Few studies have been conducted on the absorbability
and metabolic consequences of dietary phosphorus from
different food sources. Phosphorus in muscle protein
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foods, such as meat, poultry, and fish, occurs as phos-
phate bound to amino acid side chains and is released
during digestion [18]. Meat phosphorus also consists of
phospholipids and nucleotides. In contrast, much of the
phosphorus in plant foods is found as phytate, which is
poorly digested, and therefore, less phosphorus is ab-
sorbed. Calcium compounds are used to bind dietary
phosphorus in renal disease [19], but the absorbability of
phosphorus from calcium-containing dairy products is
not well known. In previous interventions, phosphorus
has been administered as supplements [2, 3, 5, 20�22] or
foods containing phosphate additives [4, 23, 24]. The aim
of this study was to evaluate the acute effects of dietary
phosphorus from three different foodstuffs (meat, cheese,
whole grains) and a phosphate supplement on calcium
and bone metabolism.

Subjects and Methods

Subjects and Protocol

Sixteen healthy female volunteers aged 20�30 years partici-
pated in five separate 24-hour sessions. The subjects attended
the sessions at 7-day intervals. The subjects had no medica-
tions or illnesses known to affect calcium or bone metabolism.
Ten of the subjects used oral contraceptives. The basic char-
acteristics of the participants are shown in Table 1. Before
coming to the research unit, subjects fasted overnight. At the
control session, both calcium and phosphorus intakes were low
(approximately 250 and 500 mg/day, respectively). During the
other four sessions, phosphorus intake was approximately
1,500 mg/day, 1,000 mg of which was obtained from meat,
cheese, whole grains, or a phosphate supplement, respectively.
The order of the study sessions was randomized. The phos-
phorus intake in this study represents the average intake in
Finland, which is 1,312 mg/day for women and 1,728 mg/day
for men [11]. The foods served during phosphorus sessions and
the control session were identical, with the exception of dif-
fering phosphorus sources. At all sessions, the subjects had
breakfast at 0800, lunch at 1200, a snack at 1400, dinner at
1700, and another snack at 2000 hours. Phosphorus intake was
divided evenly between these meals at all phosphorus sessions.
We used the food-composition database (Fineli) of the Finnish
National Public Health Institute [25] and manufacturers�
information in designing the study diets. The phosphorus
concentrations of the whole grains, meats, and cheese were
analyzed at the laboratory of the Finnish Meat Research
Institute. The intakes of selected nutrients during the study
sessions are presented in Table 2.

We followed a whole-foods approach in designing the study
diets. When feeding meat, whole grains, and cheese in separate
sessions, the intakes of protein, fiber, and calcium varies
among these sessions. We considered the possibility of equal-

izing the intakes of these nutrients by using supplements.
However, if supplemented, the test diets would not be realistic
in representing the nutrient content of the phosphorus sources.
Furthermore, the absorbability of a nutrient could be different
from food and from a dietary supplement. For this reason, i.e.,
a fiber supplement should have contained identical fibers as the
whole-grain foods in the test diet. Such a supplement would
also have increased phosphorus intake as a large part of whole-
grain phosphorus can be found in the fiber part of a grain. The
variations in nutrient intakes are reported in the conclusions of
this study.

At the meat session, the main phosphorus sources were
ham and beef steak, both prepared without phosphate addi-
tives. At the cheese session, the subjects were served fermented
cheese (Edam type, 17% fat) because the amount of milk
providing 1,000 mg of phosphorus is rather high (1.1 liters [25])
and, hence, could have been difficult to ingest for the subjects.
Also, we preferred to use lactose-free dairy product, which
would be suitable for lactose-intolerant subjects. At the whole-
grain session, the main phosphorus sources were oatmeal
porridge and nonfermented rye bread. The phosphate sup-
plement was prepared from a mixture of disodium and triso-
dium phosphates (E450 and E451; Six Oy, Helsinki, Finland)
commonly used in the food industry and served in a refresh-
ment drink.

To increase protein intake at the control, whole-grain, and
supplement sessions, cooked egg white was served to the
subjects during these three sessions because egg white has a
high but a low phosphorus content [25]. Energy intakes were
balanced by using different amounts of oil, margarine, sugared
and diluted berry juice, berry soups, and canned fruit. These
foods are low in phosphorus, protein, and fiber. Lunch con-
sisted of mashed potatoes and beef (meat session) or mashed
potatoes and veggie burger (all other sessions) in addition to
foods specific to each session mentioned earlier. For dinner,
subjects received industrially prepared vegetable pasta with
beef (meat session), cheese (cheese session), or egg white (all
other sessions). Breakfast and snacks contained wheat toast,
rice pasty, corn flakes, or rye bread and oatmeal porridge (only
whole-grain session) together with the low-phosphorus foods
mentioned above to balance nutrient intakes and foods specific
to each session (meat/whole grains/cheese/phosphorus drink).

The diets during each session contained the same amounts
of sodium (3.8 g/day). The amount of daily protein consumed
was similar (82�95 g/day) during all sessions other than the
meat session, when protein intake was higher (125 g/day) be-
cause of the high protein content of meat. Likewise, fiber in-
take was higher (59 g/day) during the whole-grain session than
during the other sessions (19�21 g/day). Because the highest
phosphorus concentrations in wheat products is found in
whole grains, which also contain large amounts of fiber, a high
fiber intake during the whole-grain session could not be
avoided. Similarly, the calcium intake during the cheese session
was high (2,044 mg/day) due to the high calcium content of
cheese, and low during all other sessions (235�352 mg/day).
Because milk products have a high content of both calcium
and phosphorus, the intakes of these minerals during the
cheese session reflect the diet of an individual consuming large
amounts of milk products. The intake of calcium during other
study sessions was kept low because oral calcium intake affects
PTH secretion.

No extra meals or snacks were allowed during the study
sessions, but tap water was provided ad libitum. For estimation
of habitual calcium, phosphorus, and energy intakes, the vol-
unteers kept a 4-day food record before the beginning of the
experiment. The study protocol was approved by the Ethics
Committee of Public Health and Epidemiology in the Hospital
district of Helsinki and Uusimaa.

Sampling

The anaerobically handled blood samples were taken before
meals at 0800 and 1400 hours and for practical reasons

Table 1. Basic characteristics of subjects (n = 16)

Variable Mean (range)

Age (years) 24 (20�30)
Weight (kg) 60.8 (50�86)
Height (cm) 167 (159�176)
Habitual dietary Ca intake (mg/day) 1,030 (590�1,570)
Habitual dietary P intake (mg/day) 1,440 (1,000�2,200)
Habitual energy intake (MJ/day) 7.5 (4.7�10.5)
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immediately after the meal at 1800 hours. The last sample
was taken before the meal at 0800 hours on the following
morning. Serum was separated from blood and stored at
)20�C until analyzed. The 24-hour urine collections were
obtained on the study day from 0800 to 0800 hours the
following morning. Urine samples were kept at )20�C until
analyzed.

Laboratory Methods

The ionized calcium (iCa) concentration was analyzed from
anaerobically handled serum samples with an ion-selective
analyzer (Microlyte 6; Thermo Electron, Espoo, Finland)
within 90 minutes of sample collection. The intra-assay coef-
ficient of variation (CV%) for iCa was 1.7. In the other mea-
surements, all samples from the same person were analyzed in
the same assay in a randomized order. Serum phosphate and
creatinine concentrations and excretions of urinary calcium,
phosphate, and creatinine were measured spectrometrically
with an autoanalyzer (Konelab 20, Thermo Electron). The
intra- and interassay CV% of these analyses were 1.5 and 2.6,
respectively. Intact S-PTH concentration was measured by an
immunoenzymometric assay using Octeia� Intact PTH Kits
(Immunodiagnostic Systems, Boldon, UK). The intra- and
interassay CV% were 1.0 and 4.2, respectively. Serum bone-
specific alkaline phosphatase (BALP) concentration was
determined by an enzyme immunoassay (Metra� BAP EIA
Kit; Quidel, San Diego, CA). Intra- and interassay CV% were
5.4 and 7.4, respectively. Excretion of urinary N-terminal te-
lopeptide of type I collagen (NTx) was analyzed by an enzyme-
linked immunosorbent assay using Osteomark� NTx Test Kits
(Ostex International, Seattle, WA). The intra- and interassay
CV% were 4.6 and 6.4, respectively.

Statistical Analysis

The data are expressed as means ± standard error of the
mean (SEM). For serum variables, the area under the curve
(AUC) for the difference from the morning fasting value was
calculated. Non-normal distributions were normalized by
logarithmic transformations. In addition to AUC values, the
morning fasting values of serum phosphate, iCa, PTH, and
BALP from the second-day (24 hours from the first blood
sample) fasting samples were compared. To exclude the effect
of the first fasting sample, the deltas of the 0-hour sample to
the 24-hour sample were used in the analyses. Analysis of
variance (ANOVA) with repeated measures was used to
compare the study sessions. If the sphericity assumption was
violated, a Huynh-Feldt adjustment was applied. Contrast
analysis was used for pairwise comparisons between study
sessions. Analyses were conducted with the SPSS 10.0 statis-
tical package (SPSS Inc., Chicago, IL) in a Windows envi-
ronment. We regarded P < 0.10 as a trend and P < 0.05 as a
statistically significant difference. The results of serum vari-
ables are shown as two panels in the figures only for read-
ability.

Results

One of the subjects did not participate in the whole-
grain session because of a common cold. During all the
other sessions, all 16 subjects participated. In the PTH
results, the AUC value of one subject in the cheese
session was approximately threefold lower than the va-
lue of other subjects at the same session. Therefore, we
excluded this value from the analyses.

The serum phosphate concentrations (AUC) differed
between the study sessions (P = 0.0001, ANOVA)
(Fig. 1). The serum phosphate concentration was ele-
vated during the meat (P = 0.0001), cheese
(P = 0.0001), whole-grain (P = 0.006), and supple-
ment (P = 0.0001) sessions compared with the control
session. Cheese increased the serum phosphate concen-
tration more than the other phosphate sources
(P = 0.0001). Differences were present between study
sessions in the serum phosphate concentrations at the
second-day fasting samples (P = 0.0001, ANOVA).
The serum phosphate concentration remained higher in
the cheese session on the following morning than in all
other sessions (P = 0.032�0.0001).

Differences were found in urinary phosphate excre-
tion between study sessions (P = 0.0001, ANOVA)
(Fig. 1). Phosphate excretion was higher in all phos-
phate sessions than in the control session
(P = 0.001�0.0001). Meat increased urinary phosphate
excretion more than grain (P = 0.003) or cheese
(P = 0.005). The phosphate supplement also increased
urinary phosphate secretion more than grain
(P = 0.001) or cheese (P = 0.027).

The different foods affected the serum iCa (AUC)
(P = 0.0001, ANOVA) and urinary calcium excretions
(P = 0.0001, ANOVA) (Fig. 2). Serum iCa concentra-
tion was greater in the cheese session due to high cal-
cium intake than in the other sessions (P = 0.0001).
During the phosphate supplement session, serum iCa
concentration was lower than in the control session
(P = 0.027). Whole grains (P = 0.682) and meat
(P = 0.282) had no effect on serum iCa concentration
relative to the control session. On the following morn-
ing, serum iCa concentration differed between study
sessions (P = 0.039, ANOVA). The 24-hour morning

Table 2. Intakes of selected nutrients during the five study sessions

Control Meat Whole grains Cheese Supplement

Energy (MJ) 8.5 8.4 8.4 8.5 8.8
Protein (g) 82 125 82 88 95
Carbohydrate (g) 266 237 278 260 289
Fat (g) 68 60 60 68 59
Ca (mg) 235 274 352 2,044 246
P (mg) 484 1,435 1,509 1,624 1,458
Na (mg) 3,826 3,855 3,850 3,833 3,824
Fiber (g) 20 19 59 21 19
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fasting value was higher in the cheese session than in the
supplement (P = 0.018), whole-grain (P = 0.023), or
control (P = 0.025) sessions and tended to be higher in
the cheese session than in the meat session (P = 0.050)
but did not reach statistical significance. The urinary
excretion of calcium was higher during the cheese ses-
sion than during all other sessions (P = 0.0001)
(Fig. 2). In the meat session, the calcium excretion was
greater than in the phosphate supplement session
(P = 0.003).

The concentrations of PTH differed between the
study sessions (AUC) (P = 0.0001, ANOVA) (Fig. 3).
Compared with the other sessions, cheese decreased
serum PTH most (P = 0.0001). Phosphate supplement,
by contrast, increased serum PTH concentration com-
pared with the control session (P = 0.039). Meat
(P = 0.346) or grain (P = 0.498) had no effect on ser-
um PTH. Differences were observed between study ses-
sions in serum PTH concentrations of the second-day
fasting samples (P = 0.018, ANOVA). The serum PTH
concentration was lower in the cheese session on the

Fig. 1. Changes in serum phosphate (S-P) concentration (A)
and 24-hour urinary excretion of phosphate (U-P) (B) during
the five study sessions. (A) Control (h), meat (�), supplement
(.), cheese (*), and grain (¤) session. Arrows indicate meal-
times. The different phosphorus sources affected the AUC
values of S-P (ANOVA, P = 0.0001) and 24-hour U-P
(ANOVA, P = 0.0001); asignificantly different from control
session, bsignificantly different from grain and cheese sessions,
csignificantly different from all other sessions.

Fig. 2. Changes in serum ionized calcium (S-iCa) concentra-
tion (A) and 24-hour urinary excretion of calcium (U-Ca) (B)
during the five study sessions. (A) Control (h), meat (�),
supplement (.), cheese (*), and grain (¤) session. Arrows
indicate mealtimes. The different phosphorus sources affected
the AUC values of S-iCa (ANOVA, P = 0.0001) and 24-hour
U-Ca (ANOVA, P = 0.0001); asignificantly different from
control session; csignificantly different from all other sessions;
dsignificantly different from phosphate supplement session.

Fig. 3. Changes in S-PTH concentration during control (h),
meat (�), supplement (.), cheese (*), and grain (¤) session.
Arrows indicate mealtimes. The different phosphorus sources
affected the AUC values of S-PTH (ANOVA, P = 0.0001);
asignificantly different from control session; csignificantly dif-
ferent from all other sessions.
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following morning than in all other sessions
(P = 0.048�0.004).

Based on ANOVA, the activity of serum BALP
(AUC) tended to differ among study sessions
(P = 0.094) (Fig. 4) but did not reach statistical sig-
nificance. In contrast analysis, the activity of serum
BALP was higher in the meat session than in the control
(P = 0.045) or whole-grain (P = 0.013) session. The
second-day fasting values of BALP were not different
among sessions (P = 0.403, ANOVA).

The serum creatinine concentrations (P = 0.0001,
ANOVA) and urinary excretion of creatinine
(P = 0.0001, ANOVA) (Fig. 5) differed among study
sessions. Because meat has a high creatine content, the
serum creatinine concentration was higher in the meat
session than any of the other sessions (P = 0.0001). The
serum creatinine concentration was higher in the cheese
session than in the control session (P = 0.038). The
urinary excretion of creatinine was greater in the meat
session than in all other sessions (P = 0.021�0.0001)
(Fig. 5). Also, in the cheese session, the excretion of

creatinine was higher than in the control (P = 0.030) or
whole-grain (P = 0.019) sessions.

Differences were present in urinary NTx excretions
among study sessions (P = 0.0001, ANOVA) (Fig. 4).
The urinary excretion of NTx was higher in the meat
session (P = 0.049) than in the control session. Uri-
nary NTx excretion tended to increase in the whole-
grain (P = 0.053) and phosphate supplement
(P = 0.083) sessions compared with the control ses-
sion but did not reach statistical significance. The NTx
excretion was lower during the cheese session than
during the control session (P = 0.008). Because there
were statistically significant differences in urinary cre-
atinine excretion among study sessions, we did not
correct the NTx results for creatinine excretion as this
would have skewed the results. Therefore, the NTx
results are shown as bone collagen equivalents
(nmolBCE). Because we used carefully collected 24-
hour urinary samples, creatinine corrections should
not be obligatory.

Fig. 4. Changes in serum BALP (S-BALP) activity from the
morning fasting value (A) and 24-hour urinary excretion of
NTx (U-NTx) (B) during the five study sessions. (A) Control
(h), meat (�), supplement (.), cheese (*), and grain (¤) ses-
sion. Arrows indicate mealtimes. The different phosphorus
sources tended to affect the AUC values of S-BALP (ANOVA,
P = 0.094) and affected U-NTx (ANOVA, P = 0.0001);
asignificantly different from control session.

Fig. 5. Changes in serum creatinine (S-Crea) concentration
(A) and 24-hour urinary excretion of creatinine (U-Crea) (B)
during the five study sessions. (A) Control (h), meat (�),
supplement (.), cheese (*), and grain (¤) session. Arrows
indicate the mealtimes. The different phosphorus sources af-
fected the AUC values of S-Crea (ANOVA, P = 0.0001) and
24-hour U-Crea (ANOVA, P = 0.0001); asignificantly differ-
ent from control session; csignificantly different from all other
sessions.
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Discussion

We observed differences in the metabolic response to
studied foods. These differences may be due to different
bioavailability of phosphorus from different foods, or
other substances found in the phosphorus sources used
in this study. Based on serum phosphorus and urinary
phosphate excretion, phosphorus from meat and sup-
plements appears to absorb better than phosphorus
from whole grains. The whole-grain foods given to our
subjects (oatmeal porridge, rye bread) were unfer-
mented. Because fermentation can enhance the absorp-
tion of minerals in phytate-containing foods, the
bioavailability of phosphorus may be greater from fer-
mented whole grains and even greater from low-fiber
grains.

Estimation of the absorbability of phosphorus from
cheese is more complex than that of whole grains be-
cause the high calcium content decreases PTH secretion,
which decreases urinary phosphate excretion. Hence, the
low urinary phosphate excretion in the cheese session
was probably due to low serum PTH concentration
caused by the high calcium intake. Serum phosphate
increased at the cheese session more than during any
other session. Decreased phosphate excretion caused by
low PTH secretion may have caused an increase in ser-
um phosphate by increasing the renal phosphorus
threshold. At the same time, a decrease in bone
resorption (as indicated by lowered NTx excretion)
likely caused a drop in the release of phosphorus from
bone, which could decrease serum phosphate concen-
tration. The effects of these two mechanisms on serum
phosphate are, therefore, contrary. Phosphorus intake
at the cheese session (1,624 mg) was slightly higher than
during other phosphorus sessions, which also may have
increased serum phosphate concentration. In addition,
the high calcium intake (290�602 mg/meal) may have
partly inhibited the absorption of phosphorus in the
intestine. Based on this study, we do not know whether
this inhibition occurred. Probably many of these factors
simultaneously affected serum phosphate at the cheese
session, the outcome being increased serum phosphate.

Compared with the control session, S-PTH concen-
tration was higher only in the phosphate supplement
session. Therefore, the effect on mineral metabolism of
phosphate additives apparently differs from that of
foods containing phosphates naturally. In most phos-
phorus interventions, phosphorus has been administered
as a supplement [2, 3, 5, 20, 21, 22]. In all of these
studies, a rise in PTH secretion as a result of phosphorus
administration was observed. At least two interventions
have been conducted using diets assembled from com-
mon foods [4, 23]. Also, in these studies a rise in S-PTH
concentration with the low-calcium, high-phosphate diet
was found. However, the intake of phosphate additives
was probably rather high because the high-phosphorus

test diet included processed foods, such as processed
cheese, instant pudding, and cola beverage, all of which
contain phosphate additives. For this reason, the effects
of the high-phosphorus diets can be due to phosphate
additives in these studies, too. Moreover, Bell et al. [24]
observed enhanced parathyroid activity as a response to
foods containing phosphate additives compared to the
same foods prepared without phosphates.

A low serum 25-hydroxyvitamin D (25[OH]D) status
could have affected PTH results of the subjects [26]. We
did not measure 25(OH)D of our subjects as each served
as her own control and the order of the study sessions
was randomized. We did not observe abnormally high
fasting S-PTH concentrations, which should indicate
severe vitamin D deficiency. In addition to this, as the
study was conducted in October, the serum 25(OH)D
concentrations had not declined very low after summer.
As dietary intake data were based on 3-day food re-
cords, it was inappropriate to calculate dietary vitamin
D intake data.

In our study, urinary NTx excretion tended to in-
crease in the phosphate supplement session compared
with the control session, implying greater bone resorp-
tion as a result of increased PTH secretion. Calvo et al.
[23] observed increased excretion of hydroxyproline,
another marker of bone resorption, with a low-calcium,
high-phosphorus test diet compared with the control
diet (820 mg Ca, 930 mg P) in their 8-day study; but in
their 4-week study, no difference in the excretion of
hydroxyproline between the low-calcium, high-phos-
phorus test diet and control diet (800 mg Ca, 900 mg P)
was found [4]. In two other studies, high-phosphate diets
had no effect on the concentrations of resorption
markers [2, 21]. In our recent dose-response study, uri-
nary excretion of NTx increased acutely as a response to
1,500 mg of phosphorus administered as supplements
[3]. Therefore, the results of NTx in the supplement
session in the present study are in accordance with our
previous study. Urinary NTx may respond to oral
phosphorus load more rapidly than other resorption
markers used in previous studies. The differences in
protocols of the phosphorus supplementation studies
and sensitivities of different resorption markers proba-
bly explain the differences in results.

We earlier noted acutely a decrease in serum BALP
activity after administration of 1,500 mg [2, 3] and 750
mg [3] of phosphorus as a supplement. In our present
study, by contrast, the phosphate supplement had no
effect on serum BALP. This could be due to the timing
and fewer blood samples; when the 1400-hour blood
sample (the first blood sample after the fasting sample)
was taken, the subjects had only ingested ca. 500 mg of
phosphorus from the phosphate supplement. The 1800-
hour blood sample was taken immediately after the last
phosphate supplement dose. As the next blood sample
was taken the following morning, we do not know
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whether serum BALP activity had decreased in the
evening after 1800 hours.

During the meat session, both bone formation and
resorption increased, which may be due to the high
protein intake from meat. The average protein intake in
the meat session was 2.1 g/kg body weight, which
comprised 25% of total energy. Because protein con-
sumption increases urinary calcium excretion, high
protein intake has been speculated to be detrimental to
bone health [27]. The effect of protein intake on bone
seems, however, to depend on the protein source as well
as on other nutrients in the food [18]. Recently, Ker-
stetter et al. [28] concluded, based on their 10-day study
of healthy women, that the rise in urinary calcium in
response to increased dietary protein was mostly due to
enhanced intestinal calcium absorption. We did not
observe a significant increase in urinary calcium excre-
tion during the meat session compared with the control
session. Earlier, in a 10- to 15-day study, addition of
meat to a diet low in protein, calcium, and phosphorus
was observed to increase urinary calcium excretion [29].

The increase in both BALP and NTx probably indi-
cates increased turnover of bone during the meat ses-
sion. The effects of meat proteins and meat phosphates
on bone should be confirmed in a longer-term study.
Alternatively, some other substance in meat might have
caused the increases in the markers of bone metabolism
during the meat session. Our result is contrary to that of
Kerstetter et al. [28], who observed a nonsignificant
trend toward a reduction in the rate of bone turnover
with a high-protein diet. For methodological reasons,
our study is not comparable to that of Kerstetter et al.
[28]. The reason for increased NTx excretion during the
whole-grain session remains obscure. It is possible that
the high intake of phytates from unfermented whole
grain inhibited calcium absorption [30], which could
have caused an increase in NTx excretion.

In conclusion, we observed acute differences in met-
abolic responses from different foods and a phosphorus
supplement. The effects of high phosphorus intake ap-
pear to depend on the phosphorus sources consumed.
Phosphate compounds commonly used by the food
industry seem to absorb well and increase S-PTH, as
shown in previous studies. By contrast, phosphorus
from meat or whole grains appears not to affect S-PTH.
Because of the high calcium content, cheese affects bone
metabolism favorably. Meat increased bone turnover,
possibly because of its high protein content. Limitations
of this study include the short follow-up period and
problems in designing diets with similar amounts of
nutrients using different foods. Longer-term interven-
tion studies are needed to confirm our results.
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