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ABSTRACT

In primary hyperparathyroidism, adenoma size is a major deter-
minant of disease severity and manner of presentation, but the reason
for the large variation in size (>100-fold) is unknown. One factor could
be the level of vitamin D nutrition, because in India, where vitamin
D deficiency is endemic, adenomas are larger and the disease more
severe than in the U.S. Accordingly, we determined the relationship
between vitamin D nutrition, as measured by serum levels of 25-
hydroxyvitamin D (250HD), and parathyroid gland weight, ex-
pressed on a logarithmic scale, in 148 U.S. patients with primary
hyperparathyroidism.

A significant inverse relationship was found between log gland
weight as dependent variable and serum 250HD as independent
variable (r = —0.365; P < 0.0001). The only other influence on gland
weight was a weak inverse correlation with age. Log gland weight as
an independent variable was significantly related to adjusted cal-
cium, PTH, and alkaline phosphatase (AP) as dependent variables. In
51 patients with serum 250HD levels less than 15 ng/mL, gland

weight, PTH, AP, and adjusted calcium were each significantly higher
than in 97 patients with 250HD levels of 15 ng/mL or more, but
1,25-dihydroxyvitamin D levels were similarly increased in both
groups. In the former group the response of adjusted calcium to PTH
was blunted, and the response of AP was enhanced, based on signif-
icant differences in regression slopes (P = 0.0004 and 0.0022,
respectively).

Suboptimal vitamin D nutrition stimulates parathyroid adenoma
growth by a mechanism unrelated to hypocalcemia or 1,25-dihy-
droxyvitamin D deficiency and reduces the calcemic response to PTH,
so that a higher PTH level and more parathyroid cells are needed to
raise the patient’s serum calcium to the level corresponding to the
increased set-point that is characteristic of the disease. Improved
vitamin D nutrition in the population is partly, perhaps largely,
responsible for the historical changes in disease severity and manner
of presentation that have occurred over the last 50 yr. (J Clin En-
docrinol Metab 85: 1054—-1058, 2000)

SINCE THE classic descriptions of the disease by Fuller
Albright more than half a century ago (1), two major
changes have taken place in the clinical expression of pri-
mary hyperparathyroidism. First, there has been both a rise
and a fall in the apparent incidence of the disease (2, 3), and
second, there has been a substantial shift in its clinical pattern
of presentation (4—6). A 10-fold increase in the incidence of
the disease occurred after its association with nephrolithiasis
was established in 1934 (6), and a further 4-fold increase in
apparent incidence was observed in the early 1970s when
routine biochemical screening was introduced in the U.S. (2).
Since then, there has been a 3-fold decline in incidence (3),
ascribed to factors such as increasing use of hormone re-
placement therapy in postmenopausal women (3), abandon-
ing the therapeutic use of head and neck radiation (3), and
improvement in vitamin D nutrition in the population (3, 7,
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8). However, no systematic studies have been performed to
either confirm or refute these possibilities.

The introduction of biochemical screening led to a large
increase in the proportion of asymptomatic patients (5,9, 10)
and a corresponding reduction in the proportion of patients
with nephrolithiasis and osteitis fibrosa, the specific bone
disease of hyperparathyroidism (6). This dilution effect also
contributed to the striking reduction in mean tumor weight
over the last 50 yr (6), but there may have been an absolute
reduction in the number of very large tumors and a conse-
quent absolute reduction in the number of patients with
osteitis fibrosa (7, 11). We previously reported that poorer
vitamin D and calcium nutrition in India than in the U.S.
could account for the persistence of both large tumors and
osteitis fibrosa in India (8). We now report a significant
inverse relationship between vitamin D nutrition and para-
thyroid tumor weight within the U.S. that may be partly
responsible for the changes in disease presentation previ-
ously described.

Subjects and Methods
Patients

All patients with primary hyperparathyroidism who were cured by
removal of a single adenoma of known weight from 1992-1997, retrieved
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through the computerized medical record system of the Henry Ford
Health System, were considered for inclusion in the study. We excluded
patients referred directly for surgery, because the preoperative bio-
chemical measurements were not performed either at Henry Ford
Health System Laboratory or in the Bone and Mineral Research Labo-
ratory. We also excluded patients with serum creatinine levels above 1.5
mg/dL and those with multiple endocrine neoplasia, multiglandular
disease, or tumors weighing less than 100 mg. In addition, 1 patient each
was excluded because of concomitant Paget’s disease of bone, therapy
with lithium, or parathyroid carcinoma. Three patients of Asian Indian
ethnicity were also excluded. Two hundred and thirty-seven patients
remained, in 148 of whom serum levels of 25-hydroxyvitamin D
(250HD) were available, forming the primary study group. Their char-
acteristics are compared in Table 1 with the remainder of the 237 patients
in whom 250HD levels were not available. The patients excluded had
a lower proportion of women and were younger; the reasons for these
differences were not evident. The proportions of women and African
Americans were generally similar to those in other studies of primary
hyperparathyroidism reported from our institution (5, 9, 10).

Laboratory methods

Serum levels of total calcium (Ca; reference range, 8.2-10.0 mg/dL),
phosphate (P; reference range, 2.5-4.5 mg/dL), alkaline phosphatase
(AP; reference range, 0-120 IU/L), creatinine (reference range, 0.6-1.5
mg/dL), total protein, and albumin were measured in the hospital
laboratory by standard methods using a Hitachi-747 autoanalyzer (Hi-
tachi, Hialeah, FL). Serum Ca was adjusted for serum albumin (12).
Serum ionized Ca was measured by a Nova-6 ion-specific electrode
(reference range, 1.0-1.35 mmol/L). Serum intact PTH (reference range,
10-65 pg/mL) was measured by immunoradiometric assay (Nichols
Institute Diagnostics, San Juan Capistrano, CA). Serum 250HD was
measured by RIA (INCSTAR Corp., Stillwater, MN; reference range,
15-60 ng/mL), and serum 1,25-dihydroxyvitamin D [1,25-(OH),D] by
radioreceptor assay using kits from Nichols Institute Diagnostics (ref-
erence range, 20-75 pg/mL).

Statistical methods

Unpaired f tests were used to compare the groups, and ANOVA was
used to examine the effects of age and sex. Linear regression was used
to examine the relationships between variables. Parathyroid gland
weight is log normally distributed (6) and therefore was expressed on
a logarithmic scale.

Results

The excluded patients had a higher serum creatinine level,
but otherwise the included and excluded patients did not
differ significantly in biochemical characteristics or parathy-
roid gland weight (Table 2). The mean (£sp) serum level of
250HD for the entire study group was 18.8 * 9.4 ng/mL
(range, 1-52 ng/mL), and the geometric mean weight of the
resected parathyroid gland was 0.743 g (geometric sp, 2.71 g;
range, 0.10-8.7 g), with a significant inverse correlation be-
tween them (r = —0.365; P < 0.0001; Fig. 1 and Table 3). There

TABLE 1. Demographic characteristics of the patient population
(n = 237)

Study patients Excluded patients

Characteristic no. (%)] Ino. (%)]
Total no. 148 (100) 89 (100)
Men 24 (16) 27 (30)*
Women 124 (84) 62 (70)*
African-Americans 57 (39) 26 (29)
Caucasians 91 (61) 63 (71)
Age (yr = sD) 62 + 12 55 * 13°
“P = 0.0165.
4P < 0.0001.
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TABLE 2. Biochemical findings in patients with primary
hyperparathyroidism

Study patients (n = 148) Eycluded patients

Measurement
Mean + sp Range (mean + sp)

Adjusted calcium 10.8 = 0.70 10.0-13.1 10.9 = 0.78

(mg/dL)
Tonized calcium 1.35 = 0.40 1.20-1.93 148 = 0.13

(mmol/L)*
Phosphate (mg/dL) 2.82 =049 1.60-4.20 2.78 = 0.54
Creatinine (mg/dL) 0.93 = 0.22 0.50-1.50 1.06 + 0.21°
250HD (ng/mL) 18.8 + 9.4 1.00-52.0 NP
1,25-(OH),D (pg/mL)° 61.8 = 18.1 26.0-128 NP
Alkaline phosphatase 121 =79  44.0-725 120 + 57

(IU/L)
PTH (pg/mL) 128 + 130 37.0-1256 117 = 72
Parathyroid gland wt (g) 1.27 = 1.61 0.10-8.69  1.47 = 1.72
Parathyroid gland wt (g)° 0.743 (2.71) 0.863 (2.89)

NP, Not performed (exclusion criterion).

“n = 78.

4 P < 0.0001.

“n = 80.

¢ Geometric mean and (geometric or multiplicative sSD).
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Fic. 1. Significant inverse relationship (r = —0.365; P < 0.0001)
between parathyroid gland weight (logarithmic scale) and an index of
vitamin D nutrition (serum 250HD) in 148 patients with primary
hyperparathyroidism. Regression parameters are given in Table 3.

was a weak direct correlation between parathyroid gland
weight and serum 1,25-(OH),D, and a weak inverse corre-
lation between gland weight and age, but no relationship
with serum creatinine (Table 3). There were the expected
significant direct relationships between parathyroid gland
weight and serum levels of PTH, adjusted Ca, and AP (6)
(Table 3).

The study group was divided into those with and without
vitamin D insufficiency (serum 250HD, <15 ng/mL) (13-
15). The mean parathyroid gland weight and, as a result, the
mean serum levels of PTH, AP, and adjusted Ca were all
significantly higher in patients with vitamin D insufficiency,
and plasma phosphate was lower (Table 4). However, there
was no significant difference in serum 1,25-(OH),D levels
between the two groups.

The effects of PTH in these two groups are compared in
Table 5. Based on highly significant differences in regression
slopes, vitamin D insufficiency blunted the calcemic re-
sponse to PTH, but exaggerated its effect on AP.
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TABLE 3. Linear relationships between log parathyroid gland mass (PGM) and other variables in patients with primary
hyperparathyroidism
Variable Intercept Slope T P
Log PGM as dependent variable
Age 0.229 —0.0058 —0.166 0.043
250HD 0.187 —0.0168 —0.365 <0.0001
1,25-(OH),D* —0.404 0.0046 0.190 0.091
Creatinine —0.253 0.129 0.089 0.283
Log PGM as independent variable
Adjusted calcium 10.8 0.621 0.354 <0.0001
PTH (pg/mL) 144.9 140.2 0.467 <0.0001
Alkaline phosphatase 125.6 36.1 0.198 0.016

“n = 80.

TABLE 4. Comparison of biochemical findings in patient with low
and normal serum 250HD levels

250HD <15 250HD =15

Measurement ng/mL ng/mL P
No. of patients 51 97
Age (yr) 62 + 14 62 =+ 12 NS
250HD (ng/mL) 9.29 +3.79 23.8=* 1734 @
1,25-(0H),D (pg/mL) 63.5 +21.9 60.7 + 15.5 NS
Parathyroid gland wt (g) 166 +=1.75 1.07 +153 0.035
Parathyroid gland wt (g)° 1.05 (2.69) 0.62 (2.61)  0.002
PTH (pg/mL) 172 = 192 104 £ 71 0.002
Alkaline phosphatase (IU/L) 141 = 113 110 = 51 0.023
Adjusted calcium (mg/dL) 11.0 =0.80 10.7 £ 0.63 0.048
Tonized calcium (mmol/L) 148 =0.16 1.44 =0.10 NS
Phosphate (mg/dL) 2.73 =058 2.87+0.43 0.017

¢ Criterion for separation.
® Geometric mean (geometric or multiplicative SD).

Discussion

In a large series of patients with primary hyperparathy-
roidism, most of whom were asymptomatic and had mild
disease, we found for the first time a significant inverse
relationship between serum 250HD, the best available index
of vitamin D nutrition (13-15), and gland weight, the best
available index of parathyroid tumor cell number (6). We
also confirmed earlier reports (16, 17) that parathyroid tumor
weight is a significant determinant of disease severity, as
reflected by serum levels of PTH, Ca, and AP. One possible
explanation for our data is that hyperparathyroidism in some
way compromises vitamin D nutrition (7, 18). PTH stimu-
lates the renal la-hydroxylase, and it was suggested that
increased 1,25-(OH),D biosynthesis could accelerate the con-
sumption of 250HD as substrate (19), but this suggestion is
inconsistent with the wastefulness of vitamin D metabolism.
Only about 10% of daily calciferol supply is ordinarily used
for 1,25-(OH),D production (20). A more plausible possibility
is that an increased serum level of 1,25-(OH),D accelerates
250HD catabolism (21), but we found no inverse correlation
between serum levels of 1,25-(OH),D and 250HD. Conse-
quently, we believe that parathyroid weight is the dependent
and 250HD the independent variable, not the other way
around.

It has been known for many years that severe and ad-
vanced vitamin D deficiency, as can occur in the United
Kingdom because milk is not fortified (22) or in India because
of malnutrition (23), is associated with very severe hyper-
parathyroidism. Such patients have either subnormal levels
of 1,25-(OH),D (7, 24) or hypocalcemia (25, 26), the major

signals for parathyroid hyperplasia in secondary hyperpara-
thyroidism (6). In early or mild vitamin D depletion, 1,25-
(OH),D levels are normal or even increased (21), and our data
indicate that suboptimal vitamin D nutrition promotes cell
proliferation in parathyroid adenomas by some mechanism
other than 1,25-(OH),D deficiency or hypocalcemia. This
effect on growth of an existing adenoma must be distin-
guished from the mutagenic effect of increased parathyroid
cell proliferation secondary to prolonged vitamin D defi-
ciency, a phenomenon referred to as tertiary hyperparathy-
roidism (6). 1,25-(OH),D exerts receptor-mediated inhibitory
effects on both hormone secretion and cell proliferation in
parathyroid cells (6, 27). 250HD is present in blood in a much
higher total concentration than 1,25-(OH),D and binds to
1,25-(OH),D receptors, although with very low affinity.
However, calculation of free concentrations makes it unlikely
that 250HD can be an effective agonist for 1,25-(OH),D re-
ceptors in the parathyroid gland (28). 250HD can serve as a
substrate for extrarenal production of 1,25-(OH),D in intes-
tinal and bone cells (20), but there is no evidence for such a
mechanism in parathyroid cells.

Asno direct effect of 250HD on parathyroid growth seems
plausible, an indirect effect must be considered. An impor-
tant feature of primary hyperparathyroidism discovered as
aresult of biochemical screening, as were most patients in the
present study, is lack of progression after the diagnosis was
made (9.10). The stability of the clinical course of the disease
can rarely be observed directly in patients subjected to sur-
gical treatment, but our study patients differed in no way
from others who have been followed uneventfully without
surgery for many years (9, 10). The most reasonable expla-
nation for prolonged stability of plasma Ca is cessation of net
tumor growth. After rapid clonal expansion from a single
altered cell, tumor growth slows down progressively as an
asymptotic value is approached (29), most likely because
growth is driven by an increase in the secretory set-point (30).
Whether this is a primary abnormality (30) or is secondary
to one of the many potentially growth-promoting mutations
that have been found (31), growth would slow down and
eventually stop once there is a sufficient number of para-
thyroid cells and a sufficient increase in PTH to raise plasma
Ca to the new set-point (30). If diminished local production
of 1,25-(OH),D as a result of substrate deficiency (20) ren-
dered bone cells less responsive to the calcemic effect of PTH,
a larger number of parathyroid cells would be needed to
reach the new set-point, a mechanism analogous to that
which operates in chronic renal failure (6).
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TABLE 5. Effect of vitamin D nutrition on responses to PTH in patients with primary hyperparathyroidism
Dependent variable 250HD* Intercept Slope r PP
Adjusted calcium (mg/dL) Normal 10.2 0.0049°¢ 0.554 <0.0001
Low 10.8 0.0012 0.293 0.037
Alkaline phosphatase (IU/L) Normal 102 0.082¢ 0.125 0.260
Low 72 0.402 0.681 <0.0001
¢ Defined in Table 4.
® For regression slope.
¢ For difference in slopes, P = 0.0004.
@ For difference in slopes, P = 0.0022.
Whatever the explanation for the stimulatory effect of Acknowledgments

250HD deficiency on adenoma growth, this relationship is
relevant to the historical changes in disease frequency, se-
verity, and course that were mentioned earlier. There has
been substantial improvement of the level of vitamin D nu-
trition in the U.S. since the 1920s, when rickets was common.
In rough chronological order, lessening of atmospheric pol-
lution, fortification of milk with vitamin D beginning in 1933
(the single most important factor), greater participation in
outdoor activity, and wider use of multivitamin supplements
have led to a substantial fall in the incidence of rickets (32),
presumably because both maternal and infantile stores of
vitamin D have increased. Based on the relationship we have
demonstrated, this would have led to a greater reduction in
adenoma weight and disease severity than could be ac-
counted for by the dilution effects of case findings among
patients with nephrolithiasis or routine biochemical screen-
ing. Further evidence for this interpretation is that the his-
torical changes observed in the West have not occurred in
India, where vitamin D deficiency remains endemic (23). Sun
exposure and vitamin use may have progressed further since
1980 (7), and the prescription of vitamin D for prevention of
bone loss has increased considerably in the last 15 yr. This
may have contributed to the recent fall in apparent incidence
(3), because adenomas with a small increase in set-point
could remain too small for detection provided vitamin D
stores were sufficient.

Our results are also relevant to the management of pri-
mary hyperparathyroidism. In a patient from whom surgery
is withheld for any reason, limiting dietary intake of vitamin
D and Ca are often advised in the hope of minimizing the
hypercalcemia. However, moderate restriction of vitamin D
intake will not reduce plasma Ca, but will lead to increased
PTH secretion, higher bone turnover, and greater accelera-
tion of cortical bone loss (9, 11). Patients with primary hy-
perparathyroidism need at least as much vitamin D as nor-
mal subjects and possibly more, especially because, for a
variety of reasons, vitamin D deficiency is becoming more
common again (33). Similar observations apply to calcium.
Restricting dietary calcium intake can lead to a substantial
fall in urinary calcium excretion but to only a trivial fall in
plasma calcium, accompanied by increased bone resorption
(34), and an increased risk of developing osteitis fibrosa (1,
8). Cessation of calcium intake is sensible in a patient with
severe hypercalcemia being prepared for surgery, but has no
place in long term conservative management (35, 36).
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