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To assess the biologic activity of the parathyroid hormone in
osteoporosis, 32 patients with radiologic and clinical evidence of
this disease were studied. Measurements of urinary cyclic adeno-
sine monophosphate (cCAMP), serum calcitriol (1,25 dihydroxyvi-
tamin D), calcium, phosphorus, albumin, creatinine, and estimated
glomerular filtration were obtained. The high cAMP group aver-
aged 5.68 pmol cAMP/g (SEM, 0.35) and the low cAMP group,

. 2.89 pumol cAMP/g (SEM, 0.22) of creatinine. Mean urinary cal-
cium levels were lower (P < 0.05) in the high cAMP group (120 £
16 versus 288 * 54 mg/d). Seventy percent of the values from the
high cAMP group were below 150 mg/d and averaged 88 mg (range,
36-127). About 70% of the patients with the low cAMP values
excreted 368 mg daily (range, 170-700). Although both groups had
similar levels of serum calcitriol, almost 70% of the patients had
values below the reference limit for the mean; more than 80% of
this group were excreting less than 150 mg of calcium daily.
Because urinary cAMP levels of patients form a separate distri-
bution from those of young normals, patients can be divided into
groups with low or high cAMP values displaying different patterns
of calcium excretion. Increased levels of cAMP may represent
enhanced parathyroid gland secretory activity due to a deficiency
of dietary calcium or to poor absorption from inadequate produc-
tion of vitamin D.
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Although several studies have investigated the concen-
tration of immunologically reactive parathyroid hormone
in the serum of elderly patients with osteoporosis, results
have been inconsistent. Different investigators have found
normal, increased, and decreased serum levels of this hor-
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Fig. 1. Plot of urinary cAMP versus a standard score. The
standard score (i.e., z = SD units = [urinary cAMP value — mean]/
SD) of each value in the reference and osteoporotic group is plotted.
Both populations follow a Gaussian distribution. The range of the
patients’ urinary ¢cAMP data is much larger than that for the
reference population. The nonparametric Kolmogrov-Smirnov
two-sample test showed that the distributions were different (P <
0.01). Mean population values are shown at the “0” SD-unit line
(3.3 and 4.3 for the normals and patients, respectively).

mone.'® This disparity is due in part to the
heterogeneity of patients with this disease and
the lack of suitable age- and sex-matched con-
trols, as well as due to the complexity of parathy-
roid hormone metabolism and its serum mea-
surements.*”

Table. Serum chemical values in the high and low

cAMP groups

Test High* Low*
Calcium (mg/dL) 93+05(15) 9.2+0.3(17)
Phosphorus (mg/dL) 34+x04(15) 3.3%x0.5(17)
Albumin (mg/dL) 42+0.3(15) 4.2%0.3(14)
Creatinine (mg/dL) 1.0 £0.2(15) 1.1 £0.2(15)
Alkaline phosphatase (IV/L) 96 + 36 (15) 86 £ 22 (17)
Glomerular filtration rate 82 + 4 (15) 86 =7 (16)

(mL/min/1.73 m?)

* Values expressed as mean = SD (number of observations).
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To overcome the problem of the immunoassay
for parathyroid hormone, we employed the mea-
surement of urinary cyclic adenosine monophos-
phate (cAMP) to study the hormonal secretion of
the parathyroid gland. In general, the plasma
concentration of this nucleotide is constant so
that fluctuations in urinary output reflect the
renal production that is stimulated by parathy-
roid hormone.®” Due to this unique relationship,
the measurement is a useful indicator of primary
or secondary hyperparathyroidism. We mea-
sured urinary cAMP and other chemical indexes
of calcium metabolism. In patients with osteopo-
rosis, our data showed a unique distribution of
cAMP values that allowed identification of two
subgroups with either high or low values.

Materials and methods

Thirty-two patients (29 women, 3 men; aver-
age age, 68 years) were studied. Each had radio-
logic evidence of osteopenia and one or more
vertebral compression fractures. No patient had
a disorder of the gastrointestinal tract, kidneys,
or endocrine glands as assessed by routine labo-
ratory evaluation, history, and physical exami-
nation. Calcitriol (1,25-dihydroxyvitamin D) was
measured with a commercial assay that had a
population mean of 50 pg/mL (SEM, 2) with
interassay and intraassay coefficients of variation
of 10.1% and 11.1%, respectively. The radio-
immunoassay technique was used to measure uri-
nary cAMP in aliquots of either 24-hour or two-
hour specimens. The reference mean was 3.3
pmol/g of creatinine (N = 41; range, 1.3-5.3).
The interassay coefficients of variation were
11.6% and 10.0%, and the intraassay coefficients
were 7.4% and 5.7% for two control specimens.
Urinary calcium was assessed by atomic absorp-
tion spectrophotometry, and routine serum
chemistries were performed by automated tech-
niques. The glomerular filtration rate was esti-
mated based on the method described by Rowe
et al.® Statistical evaluations were performed with
the SAS-biostatistical package on a VAX-Digital
System Computer.

Results

The mean cAMP value of the patients was
significantly greater than that of the reference
population. However, the distribution of values
was distinctly different (Fig. 1) (P < 0.01, non-
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parametric Kolmogorov-Smirnov two-sample
test). Because there was an age disparity in the
reference and patient groups, bias might be in-
troduced by a direct comparison. Therefore, we
analyzed the data by dividing patients in two
groups with urinary values above (high) or below
(low) the population mean. The mean values for
the high and low groups were 5.68 umol/g (SEM,
0.35) and 2.89 umol/g (SEM, 0.22) of creatinine,
respectively. Serum chemical values and esti-
mated renal function were similar, but alkaline
phosphatase tended to be greater (P < 0.05) in
the former group (7Table). The mean urinary
calcium value was lower (P < 0.05) in the high
cAMP group (120 mg/d) and higher in the low
cAMP group (288 mg/d) (Fig. 2). Seventy per-
cent of all the patients with urinary values less
than 150 mg had greater cAMP values (x* analy-
sis, 0.05 > P > 0.01). These patients excreted,
on the average, 88 mg daily (range, 36-127).
About 70% of the patients with lower cyclic
values were excreting more than 150 mg/d and
averaged 370 mg (range, 170-700).

Serum calcitriol was similar in both subgroups
and was within two standard deviations of the
population or reference mean (Fig. 3). However,
67% of all patients had values below the refer-
ence mean (i.e., 44 pg/mL) and more than 80%
of these patients were excreting less than 150 mg
of calcium daily (x* analysis, P < 0.05). Although
a greater proportion of patients with low calci-
triol levels had high cAMP values and vice versa,
these proportions were not statistically significant
(P < 0.10).

Discussion

The measurement of urinary cAMP is an in
vivo bioassay for the functional activity of the
parathyroid gland and, therefore, obviates the
problems associated with the assay for immuno-
logically reactive parathyroid hormone.®” Our
observation that the distribution of values in the
patient was distinct from the reference group is
important because it emphasizes the important
principle that comparable populations must be
analyzed. It is not surprising that elderly patients
had a different distribution of values. Age alone
might be the cause of this disparity, as Insogna
et al noted.® However, other factors, such as renal
function which may not be readily apparent from
routine serum chemical tests, could have contrib-
uted to the distortion in values.'*"!
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Fig. 2. Urinary calcium in the high and low cAMP groups.

There was a statistical difference (P < 0.05) in the urinary calcium
values in both groups. The mean of the high cAMP group was 120
mg/d (SEM, 16) and for the low cAMP, 288 mg/d (SEM, 54).

By segregating the patients into groups with
either high or low values, some observations of
potential clinical significance were noted. Rou-
tine serum chemical measurements were unable
to discriminate these subsets. Yet, in the absence
of renal disease, lower urinary calcium excretion
implies an inadequate dietary intake or intestinal
absorption. The fact that more patients with high
cAMP levels had lower urinary calcium suggests
that compensatory hyperparathyroidism may ex-
1St.

For unclear reasons, aging is accompanied by
a decrease in calcium absorption and increase in
the quantity of parathyroid hormone.'*'* In el-
derly patients with osteoporosis, the general
trend is toward lower, but not markedly abnor-
mal, values of serum calcitriol.'* This tendency
was noted in our studies. The low urinary calcium
excretion and the low level of serum calcitriol
are consistent findings since poor absorption of
calcium occurs with low vitamin levels. The in-
teresting observation in our data is that there was
a tendency for the patients with the higher cAMP
level to have low serum calcitriol levels, too. This
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Fig. 3. Serum calcitriol values in the cAMP groups. The ref-
erence mean is 50 pg/mL (SEM, 2) (range, 30-75). The mean value
for the high cAMP group was 44 pg/mL and for the low cAMP
group, 49 pg/mL.

is paradoxical since parathyroid hormone, if in-
creased, should stimulate the production of this
vitamin. However, with aging, there may be
abnormalities in the production of this metabolite
even in the presence of high stimulatory activity
by parathyroid hormone. Slovik et al’®> showed
that elderly osteoporotic patients are unable to
produce increased levels of this metabolite even
after being given pharmacologic doses of para-
thyroid hormone. In a similar fashion, Zerwekh
et al'® showed that some patients do not increase
intestinal absorption of calcium even after being
given pharmacologic doses of calcifediol (25-hy-
droxyvitamin D), the precursor of calcitriol."®
Our subset of patients with a higher cAMP level
may well be similar to these patients.

Inadequate dietary calcium is another possible
explanation for the higher cAMP values. In the
calcium-deficient state, compensatory hyperpar-
athyroidism develops to maintain serum levels of
calcium in the presence of inadequate dietary
intake. Since we did not obtain detailed dietary
histories from our patients, our information to
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support this notion is speculative. In a few pa-
tients, we were able to show that supplementation
of the diet with up to 1.5 g of calcium reduced
the cAMP level to a normal range and increased
urinary calcium output. These patients obviously
had adequate absorptive capacity, but due to
inadequate dietary intake of calcium, compensa-
tory parathyroid-gland activity ensued and uri-
nary calcium output was lower.'”'®

In contrast to these findings, there were a
number of patients with hypercalcuria. Four pa-
tients in the low cAMP group excreted 400 mg
or more of calcium daily (mean cAMP value, 1.8
umol/g of creatinine). This implied that the pa-
tients probably hyperabsorbed calcium and had
a secondary decrease in parathyroid hormone.

The clinical implications of our findings are
twofold. First, some patients with osteoporosis
may be in a state of compensatory hyperparathy-
roidism due to inadequate intake or absorption
of calcium. Supplemental calcium in these pa-
tients would be an advantageous undertaking to
suppress the potential catabolic effects of the
hormone on the skeleton. Monitoring cAMP and
urinary calcium levels would be a way of assessing
the effectiveness of this therapy. Second, there is
a subset of patients with lower cAMP levels who
may not be helped to any large extent by supple-
mental dietary calcium. Determinations of spe-
cific therapies advantageous for this subgroup
are still purely speculative. In either case, the
urinary cCAMP measure seems to be a useful way
of discriminating these two subsets.

Acknowledgment

We would like to thank Steve Subichin for his help with
the statistical evaluations.

Angelo A. Licata, M.D., Ph.D.
Department of Endocrinology
The Cleveland Clinic Foundation
9500 Euclid Ave.

Cleveland, OH 44106

References

1. Bouillon R, Geusens P, Dequeker ], De moor P. Parathyroid
function in primary osteoporosis. Clin Sci 1979; 57:167-171.
2. Fujita T, Orimo H, Okano K, Yoshikawa M, Shimo
R. Radioimmunoassay of serum parathyroid hormone in

Downloaded from www.ccjm.org on July 30, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

Winter 1986

10.

11.

postmenopausal osteoporosis. Endocrinol Jpn 1972; 19:571-
577.

Gallagher JC, Riggs BL, Jerpbak CM, Arnoud CD. The
effect of age on serum immunoreactive parathyroid hormone
in normal and osteoporotic women. J Lab Clin Med 1980;
95:373-385.

Silverman R, Yallow RS. Heterogeneity of parathyroid hor-
mone: clinical and physiologic implication. j Clin Invest 1973;
52:1958-1971.

Martin KJ, Hruska K, Freitag J, Bellorn-Font E, Klahr S,
Slatopolsky E.  Clinical utility of radioimmunoassays for para-
thyroid hormone. Miner Electrolyte Metab 1980; 3:283-290.
Broadus AE. Nephrogenous cyclic AMP as a parathyroid

. function test. Nephron 1979; 23:136-141.

Broadus AE, Mahaffey JE, Bartter FC, Neer

RN. Nephrogenous cyclic adenosine monophosphate as a -

parathyroid function test. J Clin Invest 1977; 60:771-783.
Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW. Age-
adjusted standards for creatinine clearance (letter). Ann Int
Med 1976; 84:567-569. ‘

Insogna LK, Lewis AM, Lipinski BA, Bryant C, Baran
DT. Effect of age on serum immunoreactive parathyroid
hormone and its biological effects. ] Clin Endocrinol Metab
1981; 53:1072-1075.

Bill G, Jacquet A-F, Burckhardt P. Nephrogenous cyclic
AMP and plasma parathyroid hormone in hypercalcemia: the
influence of renal function. Eur J Clin Invest 1984; 14:227—
232.

Tgrring O, Cavallin M, Léow H, Werner S. Urinary cyclic

12.

13.

14.

15.

16.

17.

18.

Cleveland Clinic Quarterly 349

AMP corrected for glomerular filtration rate in the differen-
tial diagnosis of hypercalcemia. Acta Med Scand 1982;
211:461-405.

Wiske P, Epstein S, Bell NH, Queener SF, Edmondson J,
Johnston CC. Increases in immunoreactive parathyroid hor-
mone with age. N Engl ] Med 1979; 300:1419-1421.
Alevizaki CC, Ikkos DG, Singhelakis P. Progressive decrease
of true intestinal calcium absorption with age in normal man.
J Nucl Med 1973; 14:760-764.

Gallagher JN, Riggs BL, Eisman J, Hamstra A, Arnaud SB,
DeLuca HF. Intestinal calcium absorption and serum vita-
min D metabolites in normal subjects and osteoporotic pa-
tients: effects of age and dietary calcium. J Clin Invest 1979;
64:729-734.

Slovik DM, Adams JS, Neer RM, Holick MF, Potts JT
Jr. Deficient production of 1,25-dihydroxyvitamin D in el-
derly osteoporotic patients. N Engl ] Med 1981; 305:372-
374.

Zerwekh JE, Sakhaee K, Glass K, Pak CYC. Long term 25-
hydroxyvitamin Ds therapy in postmenopausal osteoporosis:
demonstration of responsive and nonresponsive subgroups. J
Clin Endocrinol Metab 1983; 56:410-413.

Pak CYC. Physiological basis for absorptive and renal hyper-
calciurias (editorial review). Am J Physiol 1979; 237:F415-
F423.

Broadus AE, Dominquez M, Bartter FC. Pathophysiologic
studies in idiopathic hypercalciuria: use of an oral calcium
tolerance test to characterize distinctive hypercalciuric
subgroups. J Clin Endocrinol Metab 1978; 47:751-760.

Downloaded from www.ccjm.org on July 30, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

