Chapter 19
Secondary Hyperparathyroidism
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Case Presentation

A 46-year-old woman was referred for evaluation of low bone
mineral density (BMD) detected during evaluation for surgical
management of lumbar radiculopathy. She had never experienced
a fracture and routine lumbar and thoracic spine films showed no
vertebral deformities. Other than radicular pain in her right lower
extremity treated with gabapentin, she felt well and was without
complaint on review of systems. Her prior medical history was
notable for depression treated with fluoxetine, Roux-en-Y gastric
bypass for the treatment of obesity 6 years prior, and amenorrhea
following endometrial ablation. To date she had not experienced
menopausal symptoms. In the past year, she denies use of other
prescription or over-the-counter medications or supplements. She
had never smoked and abstains from consuming alcohol. She had
limited knowledge of her family’s medical history.
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An evaluation for secondary causes of low BMD included
laboratory assessment which revealed serum calcium 9.0 mg/dL
(nl, 8.9-10.1), phosphorus 2.5 mg/dL (nl, 2.5-4.5), albumin
4.4 g/dL (nl, 3.5-5.0), serum creatinine 0.8 mg/dL (nl, 0.6-1.0),
25-OH vitamin D 35 ng/mL (nl, 20-50), and total alkaline phos-
phatase 111 U/L (nl, 39-100) with otherwise normal liver func-
tion tests. Follicle-stimulating hormone was within the
premenopausal reference range. In part due to her surgeon’s
request for consideration of preoperative teriparatide (rPTH
1-34) therapy, serum parathyroid hormone (PTH) was mea-
sured and retuned elevated at 194 pg/mL (nl, 15-65).

Assessment and Diagnosis

An elevation in PTH in the presence of hypercalcemia indi-
cates PTH-mediated hypercalcemia [1]. In contrast, several
mechanisms and diagnoses must be entertained when PTH
elevations are associated with normal serum calcium concen-
trations. Even so, initially characterizing the elevation of PTH
as secondary rather than primary is important as a working
diagnosis of secondary hyperparathyroidism (SHP) simultane-
ously leads to a search for causes and options for treatment
that have the potential to normalize PTH. Misdiagnosis of
primary hyperparathyroidism may lead to misleading localiza-
tion studies and unnecessary surgery [2]. Given disorders lead-
ing to secondary hyperparathyroidism often have broad
implications for health, pursuing the cause(s) of SHP aims to
accomplish more for the patient than just normalizing
PTH. Occasionally, but always subsequent to a vigorous evalu-
ation for secondary causes of hyperparathyroidism, normocal-
cemic primary hyperparathyroidism may be added to the
differential diagnosis (see Chap. 18) [3]. The mechanism of
disorders of calcium or phosphorus homeostasis leading to
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secondary hyperparathyroidism can be loosely divided as fol-
lows: inadequate nutrition, malabsorption, altered excretion,
altered mobilization, and impaired PTH action.

Extracellular ionized calcium (iCa) is tightly regulated by
PTH in response to signaling through the calcium sensing
receptor (CaSR) on the parathyroid glands. A decline in iCa
below an individual’s set point triggers release of PTH, which
has a three-pronged action to restore calcium levels. Most
immediate is increased reabsorption of calcium from the glo-
merular filtrate. If relative hypocalcemia persists, PTH acti-
vates enzymatic conversion of 25-hydroxyvitamin D to
1,25-dihydroxyvitamin D (calcitriol) in the kidneys. Calcitriol
in turn augments calcium uptake from the gut through increased
active transport across the small intestinal mucosa. If necessary
to address a continuing calcium deficit, PTH mobilizes calcium
from the skeleton released through activation of osteoclastic
bone resorption via its effects on RANK ligand (RANKL) and
osteoprotegerin [4].

Given obligatory losses of calcium through sweat, urine, and
feces, calcium balance requires a sufficient daily dietary intake.
The recommended daily allowance (RDA) of calcium is calcu-
lated based on obligatory daily losses of calcium and an esti-
mated rate of absorption of calcium from diet. For PTH to
indirectly improve calcium absorption, sufficient vitamin D as a
substrate for calcitriol production is essential. The RDA of vita-
min D for the prevention of overt skeletal disease is 600-800 IU
depending in part on age [5]. A survey of foods consumed by
this patient made evident that her intake of dairy, other calcium-
rich foods, and foods providing vitamin D were well below
suggested intakes. Although micronutrient supplementation has
the potential to bridge the gap in those whose diets are insuffi-
cient, this patient reported poor adherence to the micronutrient
supplementation she had previously been recommended to con-
sume. Cutaneous production of vitamin D in response to sun-
light exposure is highly variable yet can be the dominant source
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of vitamin D in many individuals [6]. That her 25 hydroxyvita-
min D concentration was normal attests to the effectiveness of
passive sun exposure during the summer when she presented.

The majority of calcium absorption occurs by passive para-
cellular absorption [7]. Although vitamin D-dependent absorp-
tion is important especially when dietary calcium intake is low,
vitamin D sufficiency does not exclude calcium malabsorption
as a cause for secondary hyperparathyroidism. In malabsorption
syndromes (celiac disease, Crohn’s disease, cholestatic liver
disease, bariatric surgery, short bowel, etc.), poor absorption or
decreased intestinal length may compromise the availability of
dietary-derived vitamin D and calcium leading to negative cal-
cium balance and PTH release. This patient had undergone
bariatric surgery which commonly is associated with secondary
hyperparathyroidism [8—11]. In addition to restricting the
breadth of her diet and quantity of nutrients consumed, a gastric
bypass reduces the fractional absorption of calcium [12, 13],
thus compounding her dietary deficit.

Assessing renal excretion of calcium provides indirect evi-
dence of insufficiency of dietary calcium intake, calcium
malabsorption, and/or vitamin D deficiency leading to SHP. The
majority of calcium reabsorption from the glomerular filtrate
occurs in the proximal tubule independent of PTH [14]. Still, a
considerable amount of calcium reabsorption is controlled at the
cortical thick ascending limb of loop of Henle (via PTH and
independent function of CaSR) and the distal convoluted tubule
(via PTH) [15, 16]. Although the reference range for urinary
excretion of calcium in normal adults is wide, ranging between
40 and 250 mg per 24 h period, values less than 100 mg in the
setting of vitamin D sufficiency raise suspicion for insufficiency
of dietary calcium intake or calcium malabsorption especially
when accompanied by PTH elevation. Consistent with her
dietary and surgical history, this patient’s 24 h urine calcium
was 54 mg per spec on a complete collection as confirmed by
creatinine measurement.
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Hyperphosphatemia largely occurs in the context of kidney
disease. In the absence of advanced chronic kidney disease, the
need to measure serum phosphorus may be overlooked when
evaluating elevated PTH. Phosphate can bind to iCa leading to
increased production of PTH. Hyperphosphatemia also causes
increased production of FGF23 which inhibits conversion of
vitamin D to calcitriol [17]. Serum phosphorus also has direct
stimulatory effects on PTH production [18]. Transient and
severe hyperphosphatemia can occur due to oral supplements or
enemas, massive tissue injury, or tumor lysis. Chronic hyper-
phosphatemia which commonly occurs in chronic kidney dis-
ease, in conjunction with decreased activation of vitamin D to
calcitriol, is a common cause of SHP and parathyroid hyperpla-
sia [17]. In cases of unexplained secondary hyperparathyroid-
ism, if the degree to which renal function (typically GFR
<50 mL/min) and 1-alpha hydroxylase activity are impaired is
unclear, measurement of 1,25-dihydroxyvitamin D concentra-
tion may be considered. This patient had normal renal function
as evidenced by a normal serum creatinine concentration. Her
serum phosphorus concentration was at the lower end of the
reference range consistent with the phosphaturic effects of PTH
at the proximal tubule [19].

If a calcium deficit is chronic, leading to chronic PTH-
mediated bone resorption, biochemical markers of bone turn-
over may rise within the reference range or be frankly elevated.
The development of osteomalacia may be evident by fracture,
bone pain, overt hypocalcemia, and/or hypophosphatemia yet
takes years of persistent calcium and/or phosphorus deficits to
occur. In this patient, total serum alkaline phosphatase was
elevated without other evidence of liver disease. Subsequent
direct measurement of bone specific alkaline phosphatase was
23 mcg/L (nl, <14 in premenopausal women). Although
unproven without histologic examination of bone tissue, this
patient’s low BMD may reflect bone demineralization. In such
settings, treatment of underlying conditions, restoration of
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normal calcium and phosphorus homeostasis, and resolution
of secondary hyperparathyroidism can result in significant
improvement in BMD [20]. As such, pharmacotherapy to
increase BMD should initially be deferred.

Although undesirable, mobilization of the skeletal mineral is a
necessary component of the compensatory effect of PTH to mini-
mize the decline in serum calcium concentrations. Antiresorptive
therapy in this setting will markedly attenuate the efflux of calcium
and may precipitate overt and symptomatic hypocalcemia [21].
Even in patients with normal calcium homeostasis, potent antire-
sorptive therapy for metabolic bone disease (e.g., osteoporosis) or
cancer causes a transient decline in serum iCa and rise in PTH for
several weeks [22]. Patients with high bone turnover (thus
increased flux of calcium into and out of bone) due to other meta-
bolic bone disease (e.g., Paget’s disease) may also display a rise
in PTH with potent antiresorptive therapy [23, 24].

When factors related to nutrition, absorption, mobilization,
and excretion of calcium, phosphorus, and vitamin D are
excluded, disorders of impaired PTH action should be consid-
ered. Magnesium (Mg) depletion may occur in conjunction with
calcium malabsorption. Although chronic hypomagnesemia,
such as that associated with proton pump inhibitor therapy, is
most often associated with functional hypoparathyroidism,
acute hypomagnesemia can cause functional PTH resistance
[25]. Heritable PTH resistance syndromes such as pseudohypo-
parathyroidism may be suspected based on physical features,
other hormonal resistance, or timing of onset.

Management

Aided by a registered dietitian nutritionist, the patient
increased her dietary intake of low-fat dairy products.
Concurrently she reinstituted routine postgastric bypass
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micronutrient supplementation daily multivitamin with min-
erals, monthly cyanocobalamin injection, and two calcium citrate
315 mg tablets with her midday and evening meal [26, 27].
She was given a goal of 1600-2000 mg total calcium intake per
day. After discussion with the patient and her surgeon, surgery
was deferred so long as her radiculopathy was not evolving to
include muscle weakness or related functional impairment.

Outcome

Reassessment 3 months later showed serum calcium 9.4 mg/dL
(nl, 8.9-10.1), phosphorus 3.2 mg/dL (nl, 2.5-4.5), PTH 33 pg/
mL (nl, 15-65), total alkaline phosphatase 89 U/L (nl, 39-100),
and 24 h urine calcium 124 mg per spec (desired postgastric
bypass in our practice >100 mg). She then underwent laminec-
tomy and L4-L5 fusion with an uneventful recovery. As she was
premenopausal, had not experienced fragility fractures, and may
see an improvement in her BMD with correction of her nutri-
tional deficiency, pharmacotherapy to improve bone strength was
deferred. She was recommended to have repeat BMD assessment
in 1 year and/or at the onset of symptoms of menopause.

Clinical Pearls/Pitfalls

* In patients with normal serum calcium and phosphorus,
a vigorous assessment for potential causes for physio-
logic (i.e., secondary) PTH elevations is essential
before considering disorders characterized by autono-
mous production of PTH.

* Avoid performing localization studies as a primary step
in evaluating elevations in PTH that may not be due to
primary hyperparathyroidism.
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* SHP in the presence of normal serum calcium, serum
phosphorus, vitamin D stores, and renal function may
represent compensation (i.e., the serum calcium is main-
tained in the reference range) for primary calcium insuf-
ficiency or malabsorption.

* When suspected, assessing renal excretion of calcium
can provide indirect evidence of insufficiency of dietary
calcium intake or calcium malabsorption leading to
SHP.

* Treatment of factors suspected of causing SHP is both
diagnostic and therapeutic.

* Longstanding SHP leading to parathyroid hyperplasia
may take longer to resolve.
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