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Abstract
Primary hyperparathyroidism, a common endocrine disorder, is traditionally defined by
hypercalcemia and elevated levels of parathyroid hormone (PTH). A newer presentation of
primary hyperparathyroidism has been described over the past decade, in which PTH is elevated
but serum calcium is consistently normal, in the absence of secondary causes of
hyperparathyroidism, such as renal disease or vitamin D deficiency. Recognition of this phenotype
of primary hyperparathyroidism, normocalcemic primary hyperparathyroidism, supports a
biphasic chronological time course in some individuals in which PTH levels are first elevated but
serum calcium is normal, followed by the development of frank hypercalcemia. This review
focuses on the available literature regarding this newly described phenotype of primary
hyperparathyroidism.
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Introduction
Primary hyperparathyroidism is a disorder characterized traditionally by hypercalcemia and
elevated levels of parathyroid hormone (PTH). It is one of the most common endocrine
disorders with an estimated prevalence in the United States between 0.1 and 0.5%. Prior to
the advent of the multichannel autoanalyzer in the 1970s, classical primary
hyperparathyroidism most often presented as a symptomatic disorder, with bone loss and
kidney stones. However, with serum calcium values routinely available as a biochemical
screening test result, the clinical profile of primary hyperparathyroidism has evolved into a
disorder that presents most commonly asymptomatically [1, 2]. In these patients,
biochemical screening test leads to the discovery of hypercalcemia when there was no
obvious rationale for checking the serum calcium. Despite the fact that most patients are
discovered incidentally, bone mass is typically reduced when it is measured by dual energy
X-ray absorptiometry (DXA). The densitometric profile of primary hyperparathyroidism
favors reductions at the distal 1/3 forearm, a site that is enriched in cortical bone [3, 4]. The
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characteristic densitometric findings of primary hyperparathyroidism are usually noted at the
time of diagnosis.

A newer clinical presentation of primary hyperparathyroidism has been described over the
past decade [5–8]. It is characterized by normal total and ionized serum calcium
concentrations and consistently elevated PTH levels. These patients have no obvious causes
for secondary elevations of PTH, such as renal disease or vitamin D deficiency. Recognition
of this new phenotype of primary hyperparathyroidism supports a concept, first proposed by
Rao et al., that describes a biphasic chronology of its clinical development [7]. During the
first phase, PTH levels are elevated but the serum calcium is normal. Until recently, this first
phase was a subclinical one because PTH levels were rarely measured when the serum
calcium concentration was normal. The second phase is the one that has traditionally been
recognized because hypercalcemia surfaces.

The discovery of these individuals raises the question: Why would the PTH be measured
when the serum calcium is normal? The answer can be found in the fact that many
osteoporosis and metabolic bone diseases units have become more proactive in their
comprehensive approach to biochemical evaluation of the skeleton. Now, PTH levels are
often measured even in patients whose serum calcium is normal. It is in this context that
most individuals have been discovered with normocalcemic primary hyperparathyroidism.

While normocalcemic primary hyperparathyroidism was first formally recognized at the
time of the Third International Workshop on the Management of Asymptomatic Primary
Hyperparathyroidism in 2008 [9], the entity remains incompletely described, particularly
regarding its epidemiology, natural history, and management. In this report, we summarize
what is known about normocalcemic primary hyperparathyroidism and present approaches
to gain greater insights into this phenotypic variant.

Pathophysiology
Maruani et al. [5] suggested that normocalcemic primary hyperparathyroidism may be due
to target organ resistance to the actions of PTH. After matching normocalcemic and
hypercalcemic subjects with primary hyperparathyroidism with regard to age, gender, and
PTH concentration, normocalcemic subjects demonstrated inadequate suppression of PTH in
response to an oral calcium load. Fasting bone turnover markers and net skeletal calcium
release, assessed by fasting calcium/creatinine, were lower in the normocalcemic group. In
comparison to the hypercalcemic cohort, renal tubular calcium reabsorption was lower, as
was the ability of PTH to reduce tubular phosphate reabsorption and to stimulate 1,25-
dihydroxyvitamin D synthesis. In other studies, estrogen has been noted to protect against
the bone-resorbing effects of PTH [10], and estrogen replacement in postmenopausal
women with primary hyperparathyroidism significantly decreases serum and urine calcium
[11, 12]. Maruani et al. [5], therefore, also proposed that the development of estrogen
deficiency in postmenopausal women plays a role in the unmasking of hypercalcemia in
these subjects. This formulation is consistent with the demographics of hypercalcemic
primary hyperparathyroidism, demonstrating its peak incidence in the first decade after the
menopause [1, 2]. While the hypothesis of Maruani et al. is an attractive one, it does not
explain the fact that normocalcemic primary hyperparathyroidism occurs most commonly in
postmenopausal, estrogen deficient women. PTH resistance, if a valid pathogenetic factor in
this disease, would not be explained by the masking effect of estrogen on hypercalcemia in
the majority of individuals with normocalcemic primary hyperparathyroidism.
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Diagnosis
In some patients with traditional primary hyperparathyroidism, the classical biochemical
hallmark of hypercalcemia in not always present. While these patients may have normal
serum and ionized calcium levels at times during their disease course, they are
hypercalcemic the majority of the time. It is important to distinguish these patients from
those with normocalcemic primary hyperparathyroidism, in which the serum calcium is
always normal over the entire course of monitoring. Some cohorts previously reported with
normocalcemic primary hyperparathyroidism are more likely to be explained by the
occasional normal calcium value that is seen in hypercalcemic individuals [13]. In addition
to normal total serum calcium concentration, normocalcemic primary hyperparathyroidism
is also characterized by normal ionized calcium concentrations. Reports that have described
normocalcemic individuals with elevated ionized calcium levels would, therefore, not
qualify as having normocalcemic primary hyperparathyroidism [14]. The diagnostic criteria
for normocalcemic primary hyperparathyroidism, therefore, should include consistently
normal albumin-adjusted total serum calcium and normal ionized calcium.

Additionally, secondary causes of an elevated PTH level must be ruled out. The following
conditions should be excluded in order to make a diagnosis of normocalcemic primary
hyperparathyroidism:

1. Vitamin D deficiency. There is an inverse relationship between PTH and 25-
hydroxyvitamin D. At some reduced level of 25-hydroxyvitamin D, the parathyroid
glands are signaled to increase PTH secretion. Exactly what the threshold value for
25-hydroxyvitamin that leads to an increase in PTH is controversial. The Institute
of Medicine report [15] states that there is no conclusive evidence that levels of 25-
hydroxyvitamin D ≥20 ng/ml are regularly associated with increases in PTH levels
in population sampling. However, these studies are confounded by the lack of any
prospective data that would track an individual’s PTH level as the 25-
hydroxyvitamin D levels is increased from 20 ng/mL to 30 ng/mL. For example, an
individual with a “normal” PTH level of 40 pg/mL when the 25-hydoxyvitamin D
level is 20 ng/mL might show a reduction to a PTH level 25 pg/mL when the 25-
hydroxyvitamin D level is raised to 30 ng/mL. Both PTH levels are within the
normal range but for the given individual, it would vary within that normal
population range as a function of the 25-hydroxyvitamin D level. To be confident
in the diagnosis of normocalcemic primary hyperparathyroidism, it would seem
advisable to ensure that the 25-hydroxyvitamin D level is greater than 30 ng/mL.
There is another reason for requiring the 25-hydroxyvitamin D level to be truly
sufficient. Occasionally normocalcemic patients who demonstrate high PTH levels
will become hypercalcemic when 25-hydroxyvitamin D levels are raised to over 30
ng/mL. In these situations, the correct diagnosis is traditional hypercalcemic
primary hyperparathyroidism that was masked by the vitamin D deficiency.

2. Reduced creatinine clearance. Martinez et al. [16–18] demonstrated that PTH
begins to rise with a GFR <60 cc/min. While it is true that these determinations are
based upon large population surveys such as NHANES III, one cannot know in a
given situation whether a mild reduction in creatinine clearance is the explanation
for the increased PTH level. It is also noteworthy that Walker et al. [19] have
recently shown that in hypercalcemic primary hyperparathyroidism, the reduction
in creatinine clearance to <60 cc/min is associated with increased parameters of
bone resorption as determined by dynamic histomorphometric analysis of bone
biopsies. Thus, it seems reasonable to require that GFR be greater than 60 cc/min if
the diagnosis of normocalcemic primary hyperparathyroidism is to be
substantiated.
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3. Medications. Hydrochlorothiazide [20] and lithium [21] have both been associated
with increased PTH levels and thus should be considered as an etiological cause for
increased PTH levels in subjects on these medications. If the abnormality persists
after these drugs are withdrawn for several months, the diagnosis can once again be
entertained.

4. Hypercalciuria. Hypercalcuria as a primary renal abnormality can be associated
with a secondary rise in PTH levels [22].

5. Gastrointestinal disorders associated with calcium malabsorption [23, 24]. Usually,
but not always, a malabsorption syndrome is clinically obvious. Gluten
enteropathy, for example, can be present in individuals who give no obvious
symptoms of gastrointestinal tract disease. A low normal serum calcium
concentration, along with vitamin D deficiency and low urinary calcium excretion,
can be clues to the diagnosis.

Clinical presentation
Reports of normocalcemic primary hyperparathyroidism have largely come from referral
centers in which subjects were evaluated for a metabolic bone disease. Our original cohort
[25] of 37 individuals with normocalcemic primary hyperparathyroidism came from patients
referred to the Columbia University Metabolic Bone Diseases Unit. The group consisted of
29 postmenopausal women, 6 premenopausal women, and 2 men, aged 58 ± 2 years (mean ±
SEM; range 32–78). All subjects had normal renal function and 25-hydroxyvitamin D levels
>20 ng/ml (65% had levels >30 ng/ml); none used thiazide diuretics or lithium or
demonstrated significant hypercalciuria. The reasons for referral included elevated PTH
discovered during the evaluation of low bone mass (n=27), recent fragility fracture (n=4),
nephrolithiasis (n=2), or other (n=4). At the time of diagnosis, 57% had osteoporosis by
BMD, 11% had documented fragility fractures, and 14% had nephrolithiasis. PTH was
elevated, while albumin-corrected serum calcium, serum phosphorus, alkaline phosphatase
activity, urinary calcium, and N-telopeptide were all in the mid-normal range.

Other cohorts described in the literature [26–29] are summarized in Table 1. These patients
had been identified among symptomatic individuals referred for further evaluation or
treatment of hyperparathyroidism. As a result, the phenotype was not seen incidentally but
in a referral population. Of particular interest is the report of Charopoulos et al. [30] in
which high resolution peripheral quantitative computed tomography was used to assess the
skeleton in normocalcemic primary hyperparathyroidism in comparison to those with
“hypercalcemic” primary hyperparathyroidism. Of the 52 postmenopausal women studied,
24 had normocalcemic primary hyperparathyroidism. The mean age of subjects with
normocalcemic primary hyperparathyroidism was 60 ± 9 years (± SD). Catabolic effects
were noted in both groups but more pronounced in hypercalcemic subjects than in
normocalcemic subjects. Cortical geometric properties were also adversely affected in
subjects with normocalcemic primary hyperparathyroidism; however, trabecular properties
were preserved.

Virtually all populations that have been described with normocalcemic primary
hyperparathyroidism are referral cohorts. The observation that they have skeletal
involvement is, therefore, not surprising. This brings up the possibility that there are
individuals with normocalcemic primary hyperparathyroidism who are free-living
community members without known metabolic bone disease. The two-phase hypothesis of
the evolution of primary hyperparathyroidism suggests, therefore, that there is another
cohort of asymptomatic normocalcemic subjects (Figure 1) that exists and would be
discovered through screening of large community-dwelling populations, unselected in any
way. Population-based studies that are unselected but designed to follow patients over time
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for the appearance of health conditions would be ideal cohorts to examine in this regard.
Thus, they have the potential to identify asymptomatic individuals with normocalcemic
primary hyperparathyroidism. The first step in this quest was taken by Garcia-Martin et al.
[31], who identified 6 out of 100 healthy postmenopausal women (prevalence 6%) with high
PTH and normal albumin-adjusted serum calcium after excluding renal disease, vitamin D
deficiency (25-hydroxyvitamin D <30 ng/dL), and malnutrition. One caveat is that ionized
calcium values were not performed. Women identified with normocalcemic primary
hyperparathyroidism were compared to those with secondary hyperparathyroidism. Both
groups had normal bone turnover markers and bone mass as measured by quantitative
ultrasound. There were no differences in biochemical or clinical indices between these two
groups except that the 25-hydroxyvitamin D level was lower in those with secondary
hyperparathyroidism.

Epidemiology
The epidemiology of normocalcemic primary hyperparathyroidism has been investigated in
a number of populations but interpretation of the data is confounded by differing methods
used to exclude secondary hyperparathyroidism among the various studies (Table 2).
Lundgren et al. [32] identified 28 subjects with elevated PTH levels and normal serum and
ionized calcium levels from a cohort of 5202 (prevalence 0.5%) Swedish postmenopausal
women aged 55–75 years. However, secondary etiologies of hyperparathyroidism, such as
vitamin D deficiency, were not excluded. Data from the population-based National Health
and Nutrition Examination Survey (NHANES) cohort [33], sampling both men and women
>45 years of age, showed a prevalence estimate of 1% after excluding significant kidney
disease (GFR <60 cc/min) and vitamin D deficiency (25-hydroxyvitamin D <30 ng/dL).
Data from the population-based Canadian Multicentre Osteoporosis Study (CaMos) [34],
sampling both men and women age 19–-97 years, identified 312 of 1871 individuals
(prevalence 16.7%) using a cutoff of 25-hydroxyvitamin D <20 ng/dL but not excluding
renal insufficiency. The population-based study by Garcia-Martin et al. [31], described in
further detail above, identified 6 out of 100 healthy Spanish postmenopausal women
(prevalence 6%). The wide range of prevalence figures undoubtedly reflects the differing
methodologies by which normocalcemic primary hyperparathyroidism was defined and
inconsistency across these studies in ruling out secondary hyperparathyroid states.

Natural history
Data are limited regarding the natural history of the disease. In the cohort of Tordjman et al.
[26], 12 patients with positive localization studies underwent successful parathyroidectomy,
with operative findings of a single adenoma or hyperplasia. Twenty patients who did not
undergo surgery were followed for a mean of 4.1 ± 3 years, without significant change in
serum calcium or development of hypercalcemia. In the cohort described by Garcia-Martin
et al. [31], after 1 year of follow-up, PTH continued to remain elevated in all 6 women
defined as having normocalcemic primary hyperparathyroidism. None of these
asymptomatic women, however, developed hypercalcemia, nephrolithiasis, or fracture in
their very short follow-up period.

In the Columbia cohort [25], a symptomatic population at diagnosis, 40% of the 37
individuals developed further signs of primary hyperparathyroidism during the mean follow-
up period of 3.1 ± 0.3 years (maximum 8 years; median 3). Hypercalcemia developed in
19% of these individuals. The subjects who became hypercalcemic tended to be older, had
higher baseline serum calcium levels, and higher baseline urinary calcium excretion. Three
of the patients who developed hypercalcemia and 4 additional patients with persistently
normal serum calcium levels underwent successful parathyroidectomy, with operative
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findings of a single adenoma or hyperplastic disease. Pathological examination revealed
findings similar to those found in typical primary hyperparathyroidism. After surgery, PTH
levels normalized.

Management
Normocalcemic primary hyperparathyroidism was first formally recognized at the Third
International Workshop on the Management of Asymptomatic Primary
Hyperparathyroidism in 2008 [9]. At that time, however, the expert panel stated that since so
little is known about this form of the disease, the guidelines for the hypercalcemic form of
primary hyperparathyroidism could not be applied with confidence. Moreover, it was
premature to suggest other guidelines for the normocalcemic variant.

Our approach is to monitor subjects with normocalcemic primary hyperparathyroidism in
the same way we monitor those with asymptomatic hypercalcemic primary
hyperparathyroidism. Annual serum calcium, PTH and bone mineral density determinations
seem reasonable. If the disease evolves into the hypercalcemic form, then the published
guidelines from the Third International Workshop would be reasonable to follow.
Progression of the disease in other ways, such as worsening bone density, a fracture, or a
kidney stone would signal a more proactive surgical approach to the disease, even if patients
continue to be normocalcemic.

Conclusions
The historical view of primary hyperparathyroidism describes two distinct entities marked
by two eras. Prior to the advent of the multichannel autoanalyzer in the 1970s, classical
primary hyperparathyroidism commonly presented with marked hypercalcemia and
symptomatic bone and stone disease. The presentation shifted in the 1970’s to a disorder
characterized by mild hypercalcemia without classical symptomatic features. We appear to
have entered a third era in the history of this disease in which patients are being discovered
with normal total and ionized serum calcium concentrations but with PTH levels that are
consistently elevated. The majority of the cohorts described in the literature have been
symptomatic and were discovered during the evaluation for an underlying metabolic bone
disease. Population-based studies, that are not preselected and in other ways are not
influenced by referral bias, have the potential to identify asymptomatic individuals with
normocalcemic primary hyperparathyroidism. Even the limited data available today suggests
that there is no single time line for the evolution from normocalcemic to hypercalcemic
disease, and that there may be a subset of patients who will remain persistently
normocalcemic. With so much that is unknown, management guidelines await more
definitive characterization of the disease and its clinical course.
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Figure 1.
The two-phase hypothesis of the evolution of primary hyperparathyroidism, from
asymptomatic normocalcemic to symptomatic hypercalcemic disease.
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