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ABSTRACT

Objective: To better define the typical and atypical
biochemical profiles of patients with surgically proven pri-
mary hyperparathyroidism.

Methods: In this single-center, prospectively con-
ducted study of consecutive patients with surgically
proven primary hyperparathyroidism over a 7-year period,
we analyzed serum calcium, parathyroid hormone, and
25-hydroxyvitamin D concentrations.

Results: A total of 10000 patients were included, and
more than 210000 calcium, parathyroid hormone, and
25-hydroxyvitamin D values were evaluated. Both calcium
and parathyroid hormone levels demonstrated a Gaussian
distribution with the average calcium concentration being
10.9 + 0.6 mg/dL and the average parathyroid hormone
concentration being 105.8 + 48 pg/mL. The average high-
est calcium and parathyroid hormone concentrations were
114 = 0.7 mg/dL and 115.3 = 50 pg/mL, respectively. At
least 1 calcium value of 11.0 mg/dL was seen in 87% of
patients, but only 21% had 1 or more calcium value above
11.5 mg/dL. Only 7% had a single serum calcium level
reaching 12.0 mg/dL. Normocalcemic hyperparathyroid-
ism was seen in just under 3% of patients who had identical
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findings at surgery. An average parathyroid hormone con-
centration less than 65 pg/ml was seen in 16%, with 10%
of patients who had no high parathyroid hormone values.
The average 25-hydroxyvitamin D concentration was
224 + 9 ng/mL, with levels decreasing as calcium levels
increased (P<.001); 36% had 25-hydroxyvitamin D levels
below 20 ng/mL.

Conclusions: Patients with PHPT present with a num-
ber of distinct biochemical profiles, but as a group, they
present with a near-normal Gaussian distribution of both
calcium and parathyroid hormone levels. Either serum
calcium or parathyroid hormone remained normal in 13%
of patients, yet the findings at surgery are similar to those
of patients with elevated calcium or parathyroid hor-
mone. Low 25-hydroxyvitamin D is an expected finding
in patients with PHPT, decreasing as serum calcium levels
increase. (Endocr Pract. 2011;17:384-394)

INTRODUCTION

Primary hyperparathyroidism (PHPT) is one of the
most common endocrine diagnoses (1,2). The hallmark of
the disease is elevated blood calcium levels, which are in
turn caused by inappropriate overproduction of parathyroid
hormone (PTH), most commonly by a single benign para-
thyroid tumor. The diagnosis of PHPT is classically based
on the finding of hypercalcemia in the presence of high (or
nonsuppressed) PTH levels. Unfortunately, the diagnosis is
not always so simple and a number of other factors must be
considered.

The biochemical spectrum of PHPT has a great deal
of individual variation, from patients with normocal-
cemia to patients presenting with hypercalcemic crisis.
Similarly, PTH levels in these patients are often variable
and frequently normal despite high calcium levels (3-5).
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This variability in presentation often leads to a workup of
many other potential, but much less common, causes of
hypercalcemia and often a delay in diagnosis because the
classic presentation of high calcium with a simultaneous
high PTH value is not observed. Further complicating the
interpretation of laboratory values in patients with elevated
calcium and/or PTH levels is the well-known role vitamin
D has in calcium absorption, use, and excretion (2,6,7).

The knowledge of the variability of hypercalcemia
associated with PHPT has come from hundreds of studies
that were typically undertaken with some other endpoint as
the focus. These studies include patients with high calcium
levels who have an offending parathyroid gland removed
at surgery, as well as studies of patients with normocalce-
mic PHPT who have not undergone surgery (8-16). Some
studies examine differences in various populations such as
age (9-13) or race (5-8). Almost all studies in the literature
on the biochemical profile of this very diverse group of
patients are on populations of 200 persons or fewer, often
collected at multiple centers over many years’ time, but
designed to look at a particular aspect of parathyroid dis-
ease, its symptoms, complications, and various methods of
surgical treatment.

Despite the large number of patients afflicted, no large-
scale study has analyzed calcium levels in patients with
PHPT along with a detailed look at PTH and vitamin D
levels. Normograms for these interrelated molecules have
not been established in a large population with surgically
proven—and cured—disease. This prospective study was
designed to provide an accurate picture of the biochemi-
cal profile of PHPT, so that the treating physician has a
reference from which to compare patients with presumed
PHPT with respect to 10000 others with surgically proven
disease.

PATIENTS AND METHODS

A prospectively maintained database of calcium,
PTH, and 25-hydroxyvitamin D levels and 24-hour uri-
nary calcium excretion was established for patients who
underwent operation for PHPT at a single center during a
7-year period ending June 2010. Patients with renal failure
or who were renal transplant recipients were excluded. To
be included in this analysis, patients were required to have
laboratory data consistent with PHPT, and 1 or more para-
thyroid adenomas (or more uncommonly, 4 hyperplastic
glands) had to be found at surgery. The diseased glands had
to be overproducing hormone at least 4-fold greater than
normal —proven by intraoperative hormone assessments of
individual gland activity as described previously (17-20)
and established as a diseased gland(s) by histologic exami-
nation. All removed tumors were photographed, and pho-
tos became part of the permanent records. The laboratory
values indicating the presence of PHPT must have been
reversed and normal values reestablished postoperatively

for patients to be included. Postoperative laboratory analy-
sis was established immediately after the operation, at 1
month, and then for a minimum of 3 months. All patients
were prescribed our postoperative oral calcium protocol as
described in detail elsewhere (21). All data were collected
in a nonidentifiable fashion in accordance with the prin-
ciples outlined in the Declaration of Helsinki (22) and as
required for our institutional review board approval.

An effort was made to obtain as many serum calcium,
serum intact-PTH, and vitamin D levels on every patient
as possible, and laboratory test results were obtained from
all physicians that the patient had seen in the past decade
whenever feasible. 25-Hydroxyvitamin D levels obtained
while a patient was taking 1000 IU of vitamin D per week
or more were excluded. None of the calcium, PTH, or vita-
min D levels were obtained at our facility; all values were
obtained from referring physicians and the laboratory tests
were conducted in standard laboratories throughout the
nation.

If there was an obvious point in a patient’s past where
normal calcium levels were typical and this was followed
by an obvious change into the high range, the normal lower
levels were not included in the calculations of hypercal-
cemia associated with PHPT. This was done to ensure
that the calcium levels obtained before developing PHPT
were not included in our analysis (21,23-25). The highest
calcium level for each patient was used in the calculation
for highest calcium; however, when it was apparent that a
very high calcium leve] was significantly out of range for
a particular patient given previous and subsequent values,
further investigations were undertaken to see if this was
associated with a dehydration episode that led to a hospi-
tal emergency department visit. If so, that value was dis-
carded. Similarly, if a patient had a history of infusion of
an intravenous bisphosphonate in an attempt to decrease
serum calcium levels, those subsequent lower calcium lev-
els were disallowed in our calculations.

Patient location was included in the study data. The
potential bias from regional differences in referral patterns
was examined by subdividing the population into 3 groups
according to the distance they (and their physicians) lived
from our center in Tampa, Florida. Normograms and statis-
tical analysis were compared for each group (less than 50
miles, 51 to 500 miles, and more than 500 miles).

RESULTS

A total of 10000 patients were included in the study.
Average patient age was 59.9 = 13.0 years (range, 13-105
years). Of the 10000 patients, 7511 (75%) were women
and 2489 (25%) were men. The average duration of fol-
low-up was 3.7 years (range, 3 months to 7 years). In an
effort to establish the duration of the disease, laboratory
values were obtained for at least 10 years before the date
of operation in 3944 patients (39%) and for at least 5 years
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in 8639 patients (86%). Fight thousand nine hundred thirty
patients (89%) were seen by 1 or more of 1328 different
endocrinologists who assisted in establishing the diagno-
sis of PHPT. The other 1070 (11%) were referred for sur-
gery by a primary care physician. Patients were from all
50 states, with 4209 (42%) from Florida (all counties) and
5791 (58%) from all other 49 states.

Serum Calcium Levels in PHPT

A total of 116337 calcium values were included in this
study (average, 11.6 per patient; mode, 9; range, 2-41). The
distribution of average calcium levels in the population of
10000 patients with PHPT is shown in Figure 1. To ensure
that calcium levels obtained before developing PHPT were
not included in the analysis, more than 22000 normal cal-
cium levels were excluded. A total of 289 inappropriately
high calcium levels were eliminated after review to deter-
mine whether the very high calcium level was associated
with a dehydration episode that led to a hospital emergency
department visit. Less than 0.5% of patients were given
an intravenous bisphosphonate for the purpose of lowering
serum calcium levels. The statistical analysis of this popu-
lation is shown in Table 1 where average and highest cal-
cium levels are further broken down into groups by age: 25
years or younger, between 26 and 50 years, and older than
50 years. Calcium levels for the total PHPT patient popu-
lation represented a Gaussian distribution with the mean
concentration of each patient’s average serum calcium con-
centration being 10.9 mg/dL. The most frequent (mode)
average calcium value was 10.8 mg/dL,, and the median
calcium concentration was 10.9 mg/dL. Interestingly, 8534

patients (85%) had average serum calcium concentrations
below 11.5 mg/dL—the level that has often been quoted
as being an indication for surgical referral (1,25,27-29).
Furthermore, 6922 patients (69%) never had a single cal-
cium concentration of 11.5 mg/dL. or greater (Fig. 2). When
teenagers are eliminated, 72% of adults never had a single
calcium concentration reach 11.5 mg/dL. Only 413 patients
(4%) had an average calcium concentration of 12.0 mg/dL
or greater, with 9338 patients (93%) never having a single
calcium value this high.

Figure 2 shows the highest serum calcium level seen
within the population of patients with PHPT, and Table 1
shows the statistical analysis of the highest calcium lev-
els according to age group. The mean value of the highest
serum calcium concentration observed was 11.4 mg/dL,
which was 0.5 mg/dL higher than each patient’s average
calcium level. Virtually all patients with PHPT had vari-
able calcium levels. Seventy-four percent of patients had
1 or more normal calcium concentration (<10.0 mg/dL)
within the previous year, scattered among the other higher
levels.

Patients with an average calcium concentration of
10.0 mg/dL or lower comprised 2.5% of the population. A
more strict definition of normocalcemic PHPT where every
measurement of an individual patient’s serum calcium con-
centration was less than 10.0 mg/dL was seen in only 114
patients (1.1%). Each of these patients had high PTH lev-
els, 78% had high urinary calcium excretion (>250 mg/24
h) and, as required to be in this study, all had 1 or more
parathyroid tumors at surgery with resolution of the pre-
operative high PTH level. Kidney stones and osteoporosis
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Fig. 1. Normogram of average serum calcium concentration in 10000 patients with primary hyperparathyroid-
ism. The mean is 10.9 + 0.6 mg/dL, the median is 10.9 mg/dL, and the mode is 10.8 mg/dL. Patients with an
average calcium concentration of 10.0 mg/dL or lower comprised 2.5% of the population, while only 15% of the
patients had average calcium concentrations above 11.5 mg/dL. Most patients with primary hyperparathyroid-

ism had average calcium concentrations below 11 mg/dL.
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resistant to medical therapy were overwhelmingly cited as
the causes for surgical referral in this group. As reported
previously (17,20), findings at surgery (single vs multiple
adenomas vs hyperplasia) were identical in patients with
normocalcemic PHPT and in patients with PHPT who had
higher calcium levels; however, on average, their tumors
were smaller and weighed less.

Patients 25 years or younger who had PHPT com-
prised 1.4% of the study group (n = 144), and they typically
presented with higher average calcium levels (11.6 mg/dL)
than those older than 25 years (10.9 mg/dL) (P<.001) as
seen in Table 1. The degree of calcium elevation associated
with any particular PTH level was also higher in patients
25 years or younger than in patients older than 25 years
(P<.001). Similarly, the highest observed calcium value
associated with PHPT in patients 25 years or younger (11.9
mg/dL) was higher (P<.001) than in those older than 25
years (11.3 mg/dL) (Table 1). All age groups older than 25
years (regardless of breakdown) had similar average and
high calcium levels.

Serum calcium levels were more variable in patients
with PHPT than they were in those same patients before
development of PHPT. Before the first calcium measure-
ment over 10.2 mg/dL (before the development of hyper-
calcemic PHPT), patients showed little differences from
one calcium measurement to another (mean variability
0.19 = 0.09 mg/dL). This variability more than doubled to
0.4 = 0.33 mg/dL in those same patients when PHPT was
evident (P<.001). Calcium levels occasionally varied by
more than 1 mg/dL from month to month in patients with
PHPT, a phenomenon that is almost never seen in patients

1L

without PHPT where differences of more than 0.4 mg/dL
are rare (P<.001). Patients with normocalcemic PHPT are
the exception to this rule, and they typically present with
very little variability in serum calcium levels, like their
normal counterparts without parathyroid pathology.

Twenty-four-hour urinary calcium excretion showed
tremendous variability at all levels of serum calcium and
PTH. The average 24-hour urinary calcium measurement
was 297.7 = 174 mg/24 h (standard deviation). A detailed
look at 24-hour urinary calcium measurements will be a
part of an upcoming report.

Serum PTH Levels in PHPT

A total of 40882 PTH values were included (average,
4.1 per patient; mode, 3; range, 1-15). The distribution of
average PTH levels in the population of 10000 patients
with PHPT is shown in Figure 3; the distribution of high-
est PTH levels seen in these patients is shown in Figure
4, both figures representing a near-Gaussian distribution.
The mean PTH concentration was 105.8 pg/mL (x48.2 pg/
mL), the median was 95 pg/mL, and the mode was 84 pg/
mL. The average of the highest PTH values seen in each
of these patients was 115.3 pg/mL (x50.0 pg/mL) with the
median and mode of the highest PTH levels being 104 pg/
mL and 95 pg/mL, respectively.

PTH levels remained (on average) within the refer-
ence range in 16.5% of patients, with 10.5% having zero
PTH levels above 65 pg/mL (no high levels). Similar to

tthat seen for calcium levels, patients 25 years or younger

had significantly higher PTH levels than patients older than
25 years (P<.001) (Table 2). In contrast to serum calcium
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Fig. 2. Normogram of the highest serum calcium concentration observed in 10000 patients with primary
hyperparathyroidism. The mean is 11.4 = 0.7 mg/dL, the median is 11.2 mg/dL, and the mode is 11.2 mg/
dL. Just over 1% of patients never had a single calcium measurement above 10.0 mg/dL, while 69% of
patients never had a single calcium measurement of 11.5 mg/dL or higher.

levels, however, PTH values in patients older than 80 years
were also higher than those of patients between 26 and 79
years (P<.001) despite no differences in peak or average
calcium levels.

The relationship between serum calcium and PTH is
shown in Figure 5. There is a great deal of variation at all
calcium and PTH levels, with little correlation between
the average calcium level and the average PTH level (R? =

0.139). As a general rule, higher PTH levels were associ-
ated with higher serum calcium levels (a positive slope)
(P<.001). However, as demonstrated by the scatter of the
data, there is tremendous variability in this relationship;
thus, a high PTH level does not necessarily dictate a high
calcium level, and vice versa, in any individual patient.
When the degree of PTH elevation was compared with
the duration of hypercalcemia, several observations were
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Fig. 3. Normogram of average serum parathyroid hormone (PTH) concentration in 10000 patients with
primary hyperparathyroidism. The mean is 105 = 48.2 pg/mL., the median is 95 pg/mL., and the mode is 84
pg/mL. Average PTH concentrations remained in the reference range (below 65 pg/mL) in 15% of patients.
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Fig. 4. Normogram of the highest serum parathyroid hormone (PTH) concentration in 10000 patients
with primary hyperparathyroidism. The mean is 115.3 = 50.0 pg/ml., the median is 104 pg/mL, and the
mode is 95 pg/mL. Ten-and-a-half percent of patients had no PTH measurement above 65 pg/mL.

made. Adults (older than 25 years) with hypercalcemia due
to PHPT for 6, 8, or even 10 years or more can occasion-
ally have PTH levels that are only mildly elevated or even
in the high-normal range. However, the opposite (very high
PTH in a patient with recent-onset PHPT) is quite uncom-
mon. When the PTH concentration was over 150 pg/mL,
the duration of hypercalcemia was longer than 6 years in
adults (78%). Similarly, 86% of those with PTH levels over
180 pg/mL had hypercalcemia (10.2 mg/dL) for 6 years or
longer; 75% had hypercalcemia for 8 years or longer.

Patients referred for surgery were identical in all
aspects of their calcium and PTH levels whether they
saw an endocrinologist or not. There was no difference
in the calcium or PTH normograms or their means, medi-
ans, or modes when the data were examined according to
the distance the patient lived from our center, indicating
no regional treatment differences and no discernable bias
in the population of 10000 patients in terms of our local
community.

25-Hydroxyvitamin D Levels in

Primary Hyperparathyroidism
25-Hydroxyvitamin D levels obtained before the
administration of vitamin D were available in 4758
patients. The 25-hydroxyvitamin D levels averaged 22.4
ng/mL (94 ng/mL) for the entire population (lower

limit of normal = 20 ng/mL). Figure 6 shows the rela- -

tionship between vitamin D levels and average serum
calcium level. Although there is tremendous variability
as demonstrated by the scatter and poor correlation coef-
ficient of the trend line (R? = 0.059), it demonstrates that

25-hydroxyvitamin D levels decrease as the average serum
calcium level increases (P<.001). Of all 10000 patients
undergoing surgery for PHPT, 7681 (77%) had preopera-
tive 25-hydroxyvitamin D concentrations below 30 ng/mL.
and 3640 (36%) had concentrations below 20 ng/mL.

DISCUSSION

The purpose of this study was to show the tremendous
variability in the biochemical profile of PHPT while devel-
oping normograms for calcium and PTH for a very large
population with surgically proven PHPT. Our intention was



Metabolic Profiles of Hyperparathyroidism, Endocr Pract. 2011;17(No. 3) 390

500
450
400
350

300
250
200
150
100

50

O T T T ¥ 1

9 10 11 12 13 14
Serum Calcium (mg/dL)

PTH {pg/mL)

Fig. 5. Average serum calcium concentration vs average parathyroid hormone (PTH) concentration
in patients with primary hyperparathyroidism. The relationship between serum PTH levels and their
corresponding serum calcium levels is shown for 10000 patients, demonstrating a positive slope, but
a very poor correlation (R? = 0.139) signifying the tremendous variability in calcium levels associated
with any particular PTH level, and vice versa.

60
.« @
* * * -
3ot 2, .. *
50 + + 4
g +3%: 33 oo
. . M $,3 oo .
* . * * A4
- o '3 i3l .
E * —— *: ISER M
40 b 3
3 . se3 ‘%
£ t S .
T +« ¢
A BRSO}
& T2
2 M
£ + e
8 20 R MESERE ¥ |
> ‘ 0*3 s
* *
PO
10 rO S B 5 ‘
DO
» .
0 .
9 9.5 10 10.5 11 115 12 125 13 13.5 14
Serum Calcium {mg/dL)

Fig. 6. 25-Hydroxyvitamin D (vitamin D 25-OH) concentration according to average serum calcium
concentration in 10000 patients with primary hyperparathyroidism. Values of vitamin D 25-OH were
obtained before administration of exogenous vitamin D in 4758 patients who subsequently underwent
operation and were cured of primary hyperparathyroidism. Vitamin D 25-OH levels decrease as cal-
cium levels increase (P<.001) despite significant individual variation (R? = 0.066).
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to better understand the many ways a patient with a para-
thyroid tumor may- present, providing physicians a means
by which they can compare their patient with 10000 others.
By including only patients who had parathyroid tumor(s)
surgically removed, which resolved the biochemical pro-
file of PHPT, we aimed to provide an accurate picture and
eliminate bias that could be introduced if patients who had
not undergone surgery were included.

Taken as a population, patients with PHPT present
with elevated serum calcium levels that have a near-nor-
mal Gaussian distribution centered on the mode value of
10.8 mg/dL, with a mean value of 10.9 mg/dL. When the
highest serum calcium levels are plotted, the near-normal
distribution is maintained, just shifted to the right by 0.5
mg/dL. Both the average and highest calcium levels in this
study are consistent with those documented in most other
smaller series. Bilezikian et al (25) noted that most patients
with PHPT have average serum calcium levels less than 1
mg/dL above normal as was confirmed here. Others have
shown slightly higher calcium levels among certain popu-
Jations, presumably because access to health care was lim-
ited (5,8).

We found that patients with PHPT who were 25 years
or younger presented with significantly higher average cal-
cium and highest calcium levels than patients older than
25 years. Other authors have previously reported this phe-
nomenon (9-12). Thus, a normogram of serum calcium
levels in patients 25 years or younger is different from that
of any other age group—being shifted to the right 0.5 mg/
dL—with all other age groups having identical normo-
grams. This lack of difference in calcium levels in adult
patient populations is consistent with findings in previous
studies (5).

Of significant interest are the lower and upper ends
of the bell-shaped calcium normograms. At the lower end
of the curve, approximately 2% of patients have average
calcium concentrations that are 10.2 mg/dL or lower, with
1.1% having all calcium measurements (typically 8 or more
in this study) below this level. These patients have normo-
calcemic hyperparathyroidism as described elsewhere and
defined as patients with normal calcium and elevated PTH
in the absence of a secondary cause (13-16). This study
confirms observations by our group that adults do not nor-
mally have persistent calcium levels above 10.2 mg/dL,
regardless of the upper limit of normal, which can be as
high as 10.6 mg/dL in some laboratories. Many of the pre-
viously reported patients with normocalcemic PHPT have
been followed up clinically and have not had their disease
proven at surgery. Yet, in this study, the findings at surgery
are identical to those of patients with a classic presenta-
tion of PHPT with elevated calcium levels. It is likely that
this area of the bell-shaped curve may actually be larger,
because there are probably more patients with normocal-
cemic PHPT who were not referred for surgery and instead

elected to be followed up nonsurgically, or their PHPT has
gone undetected.

At the upper end of the bell-shaped curve, only 7% of
patients ever have a single calcium level above 12.0 mg/dL,
with only 4% having average calcium levels this high. On
occasion, we still see physicians waiting to refer patients
for surgery until the serum calcium reaches the “magical”
number of 12 mg/dL, but this study clearly demonstrates
that few patients ever reach this degree of hypercalcemia.
Waiting for this to occur is not the criterion standard among
American endocrinologists. Again, our review of 10 or
more years of calcium levels in almost 4000 patients shows
that patients do not necessarily develop higher calcium lev-
els as time passes. That is, patients observed for years do
not necessarily develop higher calcium as the years go by,
and therefore, the philosophy of observing a patient with
modestly elevated calcium and waiting for higher calcium
levels to develop must be reconsidered. Fifty-eight percent
of patients with calcium concentrations above 12 mg/dL
had PHPT for 5 or fewer years, while only 23% of patients
with hypercalcemia for more than 10 years presented with
even a single calcium value of 12 mg/dL. The severity of
PHPT is much more closely related to the duration of the
disease or the associated signs and symptoms, rather than to
the degree of calcium elevation. Several upcoming articles
from this large database (now more than 15000 patients)
will help delineate clearly that the degree of calcium eleva-
tion is not a good marker of parathyroid disease severity. In
most cases, disease duration is much more predictive of the
types and severity of complications that arise from PHPT.

It is important to note that 8534 patients (85%) had
average serum calcium concentrations below 11.5 mg/dL,
the level that has often been quoted as being an indica-
tion for surgical referral in both the 2002 and 2009 ver-
sions of the National Institutes of Health consensus state-
ment regarding surgical treatment of asymptomatic PHPT
(1,25,26-28). An upcoming study from our group will
examine the symptoms in these patients, reflecting our
belief that few patients are without symptoms. However, it
is important to note that 69% of patients never had a single
calcium value of 11.5 mg/dL or higher. This is clear evi-
dence that practicing endocrinologists consider many vari-
ables when assessing a patient’s need for surgical removal
of the offending parathyroid tumor(s) and that most of the
1328 endocrinologists represented in this study favor sur-
gical treatment once PHPT is diagnosed, regardiess of the
degree of elevation of a patient’s serum calcium.

Our review of more than 150000 calcium values has
revealed that the hypercalcemia associated with PHPT is
typically variable for each patient from month to month,
week to week, and even day to day. Most patients with
PUPT have 1 or more normal calcium value(s) (below
10.0 mg/dL) scattered among elevated levels. In contrast,
before developing PHPT, these same patients had normal
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calcium levels that showed very little variability, typically
within 0.2 mg/dL between individual measurements. Thus,
the variability in serum calcium levels can be used to help
diagnose PHPT, noting that changes from 0.5 to 1.2 mg/
dL are often seen from month to month, indicating a loss
of calcium homeostasis by a parathyroid tumor(s) that is
not responding to appropriate feedback. Normocalcemic
PHTP is the exception to the rule, where less variability
exists from one calcium measurement to the next, mim-
icking patients with normal parathyroid function in whom
calcium levels show little change over time.

There is a great deal of individual variation among cal-
cium levels observed at a particular PTH level (Fig. 5), but
as expected, there is a positive correlation between these 2
variables regardless of age. Higher PTH levels typically,
but not always, result in higher serum calcium levels, con-
firming observations from smaller series (29). Therefore,
the assumption that a very high calcium level must be asso-
ciated with a very high PTH level, and vice versa, does
not hold. The scattergram shown in Figure 5 illustrates this
well.

As seen with serum calcium, serum PTH levels in
patients with PHPT represent a Gaussian distribution cen-
tered at about 105 pg/mL for the average PTH concentra-
tion and 115 pg/ml. for the highest PTH concentration.
Several findings are important to note, such as the fact that
16.5% of patients has an average PTH level that is in the
reference range and that 10.5% never have a single high
PTH level (with a minimum of 3 measurements). This rep-
resents the classic “inappropriately normal” and “nonsup-
pressed” PTH levels known to be associated with PHPT
(4). We often see a delay in PHPT diagnosis by physicians
who wait for the PTH to be elevated at the same time that
the calcium is elevated. The data here clearly show that a
high PTH and high calcium occurring at the same time is
not a requirement for the diagnosis of PHPT.

Variability is the rule for PTH elevation as it is for
calcium elevation. Parathyroid adenomas that have been
associated with hypercalcemia for more than 8 years can
present with PTH levels that are only modestly elevated
or very high. However, PTH levels above 180 pg/mL are
associated with hypercalcemia (and PHPT) for more than
8 years 84% of the time. Thus, not all patients demonstrate
a continuous rise in PTH levels as their tumor increases in
age, but a high level almost always indicates an old tumor
and disease that has been present for a number of years.

This study shows that a difference exists in PTH levels
associated with PHPT according to the patient’s age. PHPT
was associated with higher PTH levels at the extremes of
life, with patients younger than 20 years having the highest
levels. Our group (23) and others (9-11) have previously
noted this difference. Higher average PTH levels were also
noted in the older population despite calcium levels that
are not different from those of younger patients (23,29).
This elevation in PTH levels in the elderly population

has not been previously described; however, it might be
predicted based on the work of others who have demon-
strated that aging is associated with an increased secretory
response for PTH for any given calcium level in patients
without hyperparathyroidism (30,31). Interestingly, this
upward trend in PTH levels does not become apparent
until the seventh decade of life and does not subside as age
increases.

Low vitamin D levels have been reported to be present
in patients with PHPT in smaller studies (6-7). This study
is the first to show that 25-hydroxyvitamin D decreases
as average serum calcium levels rise (Fig. 6). Physicians
frequently attempt to assign a diagnosis of secondary
hyperparathyroidism to patients with high serum calcium
and high PTH when these findings are associated with low
vitamin D levels. Some authors have suggested this phe-
nomenon (2,6,25,32), but it is our opinion that this mecha-
nism occurs very rarely if ever. Although it is possible for
a low vitamin D level to slightly increase PTH levels, these
parathyroid glands do not become hyperplastic, leading
to autonomous PTH secretion that then could lead to high
serum calcium. Within our current prospective analysis of
10000 patients, the incidence of hyperplasia (and multiple
adenomas) decreases as serum calcium levels increase
(P<.001), while 25-hydroxyvitamin D levels are decreas-
ing to very low levels. An upcoming publication from our
group looks at vitamin D levels (25-hydroxyvitamin D and
1,25-dihydroxyvitamin D) in great detail; however, the cur-
rent study shows clearly that a low 25-hydroxyvitamin D
level is an expected finding in patients with PHPT due to a
parathyroid tumor. As the duration of the disease increases,
or the degree of hypercalcemia increases, vitamin D levels
decrease. A low vitamin D level does not mean secondary
hyperparathyroidism is the diagnosis, and a low vitamin D
level will rarely, if ever, elevate serum calcium levels.

Aside from the very large numbers of patients, the
participation of 1328 board-certified endocrinologists in
the diagnosis and referral of these patients for surgery is
important for the validity of the results, eliminating selec-
tion bias and regional differences in practices. Although
our center is located in Florida, 62% of the study patients
reside in other states, with all 50 states being represented.
Eighty-nine percent of the referring endocrinologists (n
= 1187) practice outside of Florida, with more than 1000
located more than 500 miles away. It was interesting to
find, however, that patients who did not see an endocri-
nologist, but were instead referred by their primary care
physician or gynecologist, had nearly identical biochemi-
cal profiles regarding serum calcium and PTH.

CONCILUSION

PHPT presents with serum calcium and PTH levels
within predictable, near-normal Gaussian distributions.
Patients with PHPT can be expected to have variable
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calcium levels that fluctuate as much as 1 mg/dL up and
down from week to week and month to month. Most
patients will have occasional normal calcium levels scat-
tered among elevated levels. Eighty-eight percent of
patients will bave at least 1 calcium measurement above
11.0 mg/dL, but 12% have persistent calcium concentra-
tions between 10 and 11 mg/dL, never reaching 11.0 mg/
dL. Just over half of patients with PHPT have average
serum calcium concentrations below 11 mg/dL, illustrating
that persistent calcium concentrations between 10 and 11
mg/dL in an adult are highly suggestive of a parathyroid
tumor. Eighty-five percent of patients with PHPT will have
average serum calcium concentrations below 11.5 mg/dL,
with nearly 70% never having a single measurement reach-
ing 11.5 mg/dL. Calcium levels of 12 mg/dL or higher are
uncommon and often represent larger tumors that have
gone undiagnosed or untreated for many years. Teens and
young adults present with higher serum calcium levels for
a given PTH level than older patients, while patients with
PHPT who are older than 25 years present with nearly
identical calcium normograms through all decades of life.
Although most patients are located within the center of
these normograms, there are patients on the extreme left
who present with consistently normal calcium levels (2.5%
with normocalcemic hyperparathyroidism) and another
10.5% who present with consistently normal PTH levels.
Low 25-hydroxyvitamin D is the rule and not the exception
in patients with PHPT, with levels decreasing as calcium
levels increase or the duration of the disease becomes lon-
ger. Most of the more than 1300 endocrinologists repre-
senting the 10000 patients in this study referred the patient
for surgery on the basis of many factors without regard for
their degree of serum calcium elevation once PHPT was
diagnosed.
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