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Abstract

As compared with values in white subjects, bone mass is
known to be increased and urinary calcium to be diminished
in black individuals. To evaluate the possibility that these
changes are associated with alterations in the vitamin D-
endocrine system, an investigation was performed in 12 black
subjects, 7 men and 5 women, and 14 white subjects, 8 men
and 6 women, ranging in age from 20 to 35 yr. All of them
were hospitalized on a metabolic ward and were given a
constant daily diet containing 400 mg of calcium, 900 mg of
phosphorus, and 110 meq of sodium. Whereas mean serum
calcium, ionized calcium, and phosphate were the same in the
two groups, mean serum immunoreactive parathyroid hormone
(350±34 vs. 225±26 pg/ml, P < 0.01) and mean serum 1,25-
dihydroxyvitamin D (1,25(OH)2D) (41±3 vs. 29±2 pg/ml, P
< 0.01) were significantly higher, and mean serum 25-hydroxy-
vitamin D (25-OHD) was significantly lower in the blacks
than in the whites (6±1 vs. 20±2 ng/ml, P < 0.001). Mean
urinary sodium and 24-h creatinine clearance were the same
in the two groups, whereas mean urinary calcium was signifi-
cantly lower (101±14 vs. 166±13 mg/d, P < 0.01) and mean
urinary cyclic AMPwas significantly higher (3.11±0.47 vs.
1.84±0.25 nM/dl glomerular filtrate, P < 0.01) in the blacks.
Further, the blacks excreted an intravenous calcium load, 15
mg/kg body weight, as efficiently as the whites (49±3 vs.
53±3%, NS). Mean serum Gla protein was lower in blacks
than in whites (14±2 vs. 24±3 ng/ml, P < 0.02), and increased
significantly in both groups in response to 1,25(OH)2D3, 4 gg/
d for 4 d. There was a blunted response of urinary calcium to
1,25(OH)2D3 in the blacks, and mean serum calcium did not
change. The results indicate that alteration of the vitamin D-
endocrine system with enhanced renal tubular reabsorption of
calcium and increased circulating 1,25(OH)2D as a result of
secondary hyperparathyroidism may contribute to the increased
bone mass in blacks. Their low serum 25-OHD is attributed
to diminished synthesis of vitamin D in the skin because of
increased pigment.

Introduction

Available evidence indicates that bone mass is increased in
black as compared with white subjects (1, 2). Skeletal devel-
opment of black children is advanced in comparison to that
of white children, and black children exhibit greater body size
through adolescence (3-6). Based on radiographic measure-
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ments of metacarpal cortical area, blacks have a greater skeletal
mass than whites from age 1-80 yr (6, 7). As compared with
whites, blacks also have a lower urinary calcium (8). In view
of these observations, we carried out studies to determine
whether the increased bone mass and reduction in urinary
calcium in blacks is associated with changes in the vitamin D-
endocrine system.

Methods

26 normal subjects were studied. There were 12 blacks (seven men
and five women) and 14 whites (eight men and six women) who
ranged in age from 20 to 35 yr of age. All of them were hospitalized
in the General Clinical Research Center of the Medical University of
South Carolina. They were given only distilled water to drink and a
constant daily diet estimated to contain 400 mg calcium, 900 mg
phosphate, 18 meq magnesium, 110 meq sodium, and 65 meq
potassium. Fasting blood samples were collected at intervals for
measurement of serum calcium, ionized calcium, inorganic phosphate,
magnesium, creatinine, Gla protein, 25-hydroxyvitamin D (25-OHD),
1,25-dihydroxyvitamin D (1,25(OH)2D), and immunoreactive parathy-
roid hormone (PTH),' and 24-h urines were collected for measurement
of calcium, inorganic phosphate, sodium, potassium, magnesium,
creatinine, and cyclic adenosine 3',5'-monophosphate (cAMP).

The study protocol was as follows. The first 2 d were a control
period. On the third day, calcium gluconate, 15 mg of calcium per
kilogram body weight, was given intravenously over a period of 8 h in
5% dextrose in water beginning at 8:00 a.m. The fourth day was a
control period. On days 5-8, 1,25(OH)2D3, 2 Ag by mouth every 12
h, was given on each of the 4 d.

Serum and urinary calcium (9), inorganic phosphate (10), creatinine
(11), and magnesium (12) were measured by automated methods.
Serum-ionized calcium was determined with a solid state ion electrode.
Urinary sodium and potassium were determined by flame photometer.
Serum 25-OHD was measured in duplicate at two concentrations by
competitive protein binding with vitamin D-deficient rat serum (13)
after extraction with acetonitrile, washing with phosphate buffer,
chromatography on C-18 Sep-Pak, and elution with acetonitrile (14).
25-OHD was separated from other vitamin D metabolites before the
binding assay by chromatography on silica Sep-Pak and elution with
hexane-propanol (96:4) (14). Serum 1,25(OH)2D was measured by the
method of Reinhardt et al. (14). Serum immunoreactive PTH was
measured by radioimmunoassay with a COOH-terminal specific anti-
body from chicken 77125 at a dilution of 1:10,000 (15). Serum Gla
protein was determined by radioimmunoassay (16). Urinary cAMP
was measured by radioassay with a binding protein (17). Results are
expressed as nanomolar per deciliter glomerular filtrate (GF) (18).

Statistical analyses were performed by standard methods for paired
and nonpaired t tests with an Apple Ile computer.

Results

The results are summarized in Tables I-IV and in Fig. 1. At
the end of the 2-d control period, blacks showed significantly
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1. Abbreviations used in this paper: GF, glomerular filtrate; PTH,
parathyroid hormone.

470 N. H. Bell, A. Greene, S. Epstein, M. J. Oexmann, S. Shaw, and J. Shary



14-
SERUM

Ca 12-
mg/di

8-j

800 -

600 -
URINARY

Ca 400-
mg/d

200 -

0-

WHITES (13)

Ca iv

BLACKS(12)

Ca iv

2 3 4 2 3 4

DAYS

Figure 1. The effects of calcium infusion on serum and urinary
calcium in normal white and black subjects. Calcium, 15 mg/kg body
weight, was infused over a period of 8 h in 1 liter of 5% dextrose in
water on day 3. The amount of calcium infused averaged 1,001±34
mg in the whites and 1,077±52 mg in the blacks (NS). Mean body
weight was 68±2 kg in the whites and 73±3 kg in the blacks (NS).
The percentage of the load of calcium excreted was calculated by
dividing the difference (milligrams) between the average of days 1
and 2 and day 3 of urinary calcium by the amount of calcium
infused (milligrams). X 100.

higher values for mean serum immunoreactive PTHand mean
serum 1,25(OH)2D as compared with whites (Table I). Mean
serum calcium, serum-ionized calcium, serum phosphate, and
serum magnesium were the same in the two groups. Mean
serum 25-OHD, obtained on day 1 of the study, was signifi-
cantly lower in the blacks than in the whites. During the initial
2-d control period, mean urinary calcium, phosphate, potas-
sium, and magnesium were significantly lower in the blacks,
their mean urinary cAMPwas significantly higher, and mean
urinary sodium and creatinine clearance were the same in the
two groups (Table II). Renal excretion of calcium after infusion
of the ion, 15 mg of calcium per kilogram of body weight,
was the same in the two groups (Fig. 1). The mean excretion
of the administered calcium was 49±3% in the blacks and
52±3% in the whites (NS). Mean serum calcium was the same
in the two groups before infusion (Table I) and was significantly
higher in the blacks than in the whites at the end of the
infusion (13.3±0.2 vs. 12.2±0.1 mg/dl, P < 0.001). Mean
urinary cAMPdeclined significantly during the calcium infusion
in both groups, from 3.11±0.47 to 1.15±0.20 nM/dl GF in
the blacks (P < 0.01) and from 1.84±0.25 to 1.14±0.19 nM/
dl GFin the whites (P < 0.05).

In response to 1,25(OH)2D3 4 gg/d for 4 d, mean serum

calcium did not change (Table III), but mean urinary calcium
increased in both groups (Table IV). Urinary calcium was
consistently higher in the whites, and the increment in response
to 1,25(OH)2D3 was greater in them. Mean serum phosphate
increased significantly (Table III), and there was a transient
increase on day 5 in urinary phosphate in response to
1,25(OH)2D3 in both groups (Table IV). Urinary phosphate
was higher in the whites than in the blacks during treatment
with 1,25(OH)2D3. Mean serum Gla protein was significantly
lower in the blacks than in the whites before 1 ,25(OH)2D3,
and increased significantly in response to 1,25(OH)2D3 in both
groups (Table III). Urinary cAMPwas reduced on the last day
of 1,25(OH)2D3 administration as compared with the first two
control days (Table II), averaging 1.50±0.29 nM/dl GF in the
blacks and 1.10±0.23 nM/dl GF in the whites (NS).

There were no significant differences in any of the mea-
surements between white men and white women and between
black men and black women (data not shown).

Discussion

Our results provide evidence for secondary hyperparathyroidism
in normal young black adult subjects. There were significant
increases in mean serum immunoreactive PTH, urinary cAMP,
and serum 1,25(OH)2D. These changes occurred in the absence
of any alterations in mean serum ionized and total calcium
and serum phosphate. Further, serum Gla protein, a bone
marker that varies directly with parathyroid status, which is
elevated in patients with hyperparathyroidism and diminished
in individuals with hypoparathyroidism (19), was lower in the
blacks than in the whites despite the increased values for
serum immunoreactive PTH in the blacks. Taken together,
these results provide evidence for alteration in the vitamin D-
endocrine system in blacks. The fact that serum Gla protein
increased in response to 1,25(OH)2D3 in both the blacks and
whites indicates that the skeleton is normally responsive to
1,25(OH)2D3 in blacks.

Our findings also indicate that reduced urinary calcium in
blacks (8) results from secondary hyperparathyroidism. A
calcium load, which produced hypercalcemia and caused com-
parable suppression of urinary cAMPin the blacks and whites,
was excreted equally well by the two groups. Had the decrease
in urinary calcium been caused by a renal tubular defect, there
should have been a delay in the renal excretion of calcium in
the blacks. This did not occur.

Mean serum 25-OHD was lower in the blacks than in the
whites. This difference could resuit from feedback inhibition
of hepatic synthesis of 25-OHD by the increased circulating

Table L Serum Values in Normal Black and White Subjects

Serum Serum Serum Serum Serum Serum Serum
Subjects calcium Ca2+ phosphate magnesium iPTH* 25-OHD I,25(OH)2D

mg/dl mg/dl mg/dl meqiliter pg/mi ng/ml pg/mt

Black (12) 9.0±0.1 4.9±0.1 3.9±0.1 1.80±0.03 350±34 6±1 41±3
White (14) 9.0±0.1 4.8±0.1 3.9±0.2 1.85±0.04 225±26 20±2 29±2
P value NS NS NS NS <0.01 <0.001 <0.01

Results are given as mean±SE. Figures in parentheses are the number of subjects. * Serum immunoreactive PTH (iPTH) was measured in 9
blacks and 11 whites.
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Table II. Urinary Values in Normal Black and White Subjects

Urnary Urinary Urinary Urinay Urinary Crestinine
Subjects calcium phosphate sodium potassium magnesium Urinary cAMP cldeance

mg/d mg/d meqld meqod meqld nM/dI GF liter/d

Black (12) 101±14 688±44 124±8 40±2 7.2±0.6 3.11±0.47 170±9
White (14) 166±13 938±37 124±8 62±4 9.2±0.4 1.84±0.25 173±6
P value <0.01 <0.001 NS <0.001 <0.02 <0.01 NS

Results are given as mean±SE of the average urinary values of the first 2 d of the study. Figures in parentheses are the number of subjects.

1,25(OH)2D in the blacks (20). However, regulation has not
been demonstrated to occur at low concentrations of serum
25-OHD. Diminished dermal synthesis of vitamin D from 7-
dehydrocholesterol because of absorption of photons of light
energy by skin pigment in the blacks is, therefore, a more
likely explanation (21).

The question arises whether the secondary hyperparathy-
roidism in blacks results from factors that are intrinsic or from
factors that are extrinsic to the skeleton. The increase in bone
mass in blacks is attributed to increased muscle mass (2). The
explanation that increased strain on the skeleton modifies the
response to PTH in blacks is open to question, in view of the
fact that skeletal mass is greater in men than in women, and
the fact that there were no differences in values for serum
immunoreactive PTHand serum 1,25(OH)2D in the men and
women in the present study. Nevertheless, if increased strain
on the skeleton does diminish its response to PTH, then
biochemical changes similar to those we have observed in
blacks might be present in obese subjects.

It was shown previously that serum immunoreactive PTH
is abnormally increased in obese subjects, and that the values
returned to the normal range with weight loss that was
produced by intestinal bypass (22). Further, the weight loss
and decrease in circulating immunoreactive PTH correlated
with each other. Our preliminary studies show significant
increases in mean serum immunoreactive PTH, serum
1,25(OH)2D, and urinary cAMP, and significant decreases in
mean serum 25-OHD and urinary calcium in obese as com-
pared with nonobese white subjects (23). The values are similar
to those obtained in nonobese blacks in the present study. We
attribute the decrease in serum 25-OHD in obesity to inhibition
of hepatic synthesis of the metabolite by elevated, circulating
1,25(OH)2D (20, 23). The finding that reduced serum 25-
OHDreturned to normal in a group of obese subjects after
weight reduction produced by intestinal bypass (24) is consistent

with correction of secondary hyperparathyroidism (22) and
increased circulating 1,25(0H1)D by weight loss. Somestudies
(25), but not others (24), show increases in bone mass in obese
subjects.

Several of our findings in the blacks remain to be elucidated.
Their urinary phosphate, potassium, and magnesium were
significantly decreased as compared with the whites. Reduction
of urinary potassium in blacks was reported previously and
may result from low plasma renin and aldosterone (26). It is
unlikely that the reduction in urinary magnesium is related to
secondary hyperparathyroidism, since renal handling of the
ion is not altered in patients with hyperparathyroidism or
hypoparathyroidism (27). The decrease in urinary phosphate
in the blacks was not anticipated in view of the increases in
serum immunoreactive PTH. It is likely that intestinal absorp-
tion of phosphate, potassium, and magnesium may be dimin-
ished in blacks as compared with whites by mechanisms yet
to be determined.

It could be argued that the increases in serum PTH, serum
1,25(OH)2D, and urinary cAMP, and the reduction in urinary
calcium in the blacks results from diminished intestinal ab-
sorption of calcium. This we regard as unlikely, since a
reduction in calcium absorption would eventually lead to a
decrease instead of the well-documented increase in bone mass
in blacks (1, 2). Also, our finding of a reduction rather than
an increase in mean serum Gla protein in the blacks, despite
increases in circulating PTH, is evidence for altered skeletal
response to the hormone. Nevertheless, it will be important to
compare calcium absorption and the response to exogenous
PTH in blacks and whites.

Finally, demonstration that intestinal absorption of calcium
is enhanced in blacks because of increased circulating
1,25(OH)2D, the major determinant of intestinal absorption
of calcium in man (28), would indicate that the vitamin D-
endocrine system is ideally programmed to spare the skeleton.

Table III. Effects of 1,25(OH)2D3 on Serum Calcium, Serum Phosphate, and Serum Gla Protein in Normal Black and White Subjects

Serum calcium Serum phosphate Serum Gla protein

Subjects Control 1,25(O)2D Control 1,25(OH)2D3 Control 1,25(OH)2D,

mg/dl mg/dl mng/dl mg/dl ng/ml ng/md

Black (12) 9.1±0.1 9.4±0.1* 3.8±0.2 4.2±0.1t 14±2 22±3§
White (14) 9.0±0.1 9.0±0.1 3.7±0.2 4.3±0.2§ 24±3 32±3t
P value NS NS NS NS <0.02 <0.05

Results are given as mean±SE of values obtained before and after 1,25(OH)2D3, 4 ,ug/d. Figures in parentheses are the number of subjects.
* NS vs. mean control value. t P < 0.02 vs. mean control value. § P < 0.001 vs. mean control value.
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Table IV. Effects of J,25(OH)2D3 On Urinary Calcium and Phosphate in Normal Black and White Subjects

Urinary calcium Urinary phosphate

Subjects Day 5 Day 6 Day 7 Day 8 Day 5 Day 6 Day 7 Day 8

mg/d mg/d mg/d mg/d mg/d mg/d mg/d mg/d

Black (12) 130±14 189±12 220±18 227±14 895±64 724±58 683±32 715±38
White (14) 228±18 322±22 351±27 385±36 950±44 802±29 798±29 852±33
P value <0.001 <0.001 <0.001 <0.001 NS NS <0.02 <0.02

Results are given as mean±SE. Figures in parentheses are the number of subjects. 1,25(OH)2D3, 4 /,g/d, was given on each of the 4 d.

Thus, increased circulating PTH in blacks would augment
the intestinal absorption of calcium by increasing serum
1,25(OH)2D, and would prevent urinary loss of calcium by
enhancing the tubular reabsorption of the ion. Our central
hypothesis, which is still to be proven, is that strain on the
skeleton alters the vitamin D-endocrine system. In our view,
changes in the regulation of the vitamin D-endocrine system
in a given individual may determine in a major way whether
bone mass will be increased or decreased and whether osteo-
porosis will ensue.
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