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Abstract 
Primary hyperparathyroidism (PHPT) is classically characterized by hypercalcemia with elevated or inappropriately normal parathyroid hormone 
(PTH) levels. Elevated PTH levels in the presence of normal calcium levels are not infrequently found during the evaluation of metabolic bone 
disorders or kidney stone disease. This can be caused by secondary hyperparathyroidism (SHPT) or normocalcemic primary 
hyperparathyroidism (NPHPT). NPHPT is due to autonomous parathyroid function whereas SHPT is caused by a physiologic stimulation to 
PTH secretion. Many medical conditions and medications can contribute to SHPT, and differentiation between SHPT and NPHPT may be 
difficult. Cases are presented to illustrate examples. In this paper, we review the distinction between SHPT and NPHPT as well as end organ 
effects of NPHPT and outcomes of surgery in NPHPT. We suggest that the diagnosis of NPHPT be made only after careful exclusion of 
causes of SHPT and consideration of medications that can increase PTH secretion. Further, we advise a conservative approach to surgery in 
NPHPT.
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Primary hyperparathyroidism (PHPT) is a relatively common 
disorder. An estimate of prevalence in the United States was 
233 per 100 000 in women and 85 per 100 000 in men [1], 
and PHPT is more common after menopause [2]. In the 
United States, the disorder has changed from a symptomatic 
condition characterized by “stones, bones, and psychic 
moans” before the era of multichannel laboratory tests to a 
less symptomatic condition [2]. The recently published 5th 

international workshop on the evaluation and management 
of primary hyperparathyroidism [3] suggested classifying pa
tients with PHPT in 3 groups (Table 1). Broadly these are 
symptomatic PHPT, asymptomatic PHPT, and normocalce
mic PHPT (NPHPT).

Biochemically, PHPT is classically characterized by hypercal
cemia with elevated or inappropriately normal PTH levels and 
normal to elevated urinary calcium. In some patients, only the 
ionized calcium is elevated, and in others the hypercalcemia is 
intermittent [3]. The diagnosis is important because mild 
PHPT may be associated with low bone mineral density 
(BMD), microarchitectural changes in bone, increased verte
bral and other fracture risk, and an increased prevalence of kid
ney stones [4]. There is an association with neuropsychiatric 
symptoms and cardiovascular disease; however, causality is un
certain as benefits from parathyroidectomy that are evident on 
observational studies are less clear in randomized trials [4].

There are several physiologic considerations in the measure
ment of PTH. Specifically, whereas serum calcium is relatively 
stable throughout adult life, PTH secretion increases with age, 
and an estimated 20% of women ≥80 years will have an ele
vated PTH level, primarily related to age-related decreases 
in renal function [5]. Furthermore, PTH secretion is dynamic, 
with intermittent pulses superimposed on a background of 
basal secretion [6], and has a circadian rhythm [7, 8]. 
Additional factors to consider that can influence PTH and cal
cium measurement include hemoconcentration, albumin and 
protein levels, immobilization, and pH-dependent changes 
in protein-bound calcium.

NPHPT was described many years ago [9] but has been bet
ter characterized more recently [10-17]. The major diagnostic 
dilemma is differentiating NPHPT from secondary hyperpara
thyroidism (SHPT) (Table 2). Classical hypercalcemic PHPT 
(HPHPT) is characterized by hypercalcemia with elevated or 
normal (nonsuppressed) PTH levels and is caused by autono
mous parathyroid function of 1 or more glands. The hypercal
cemia may be intermittent or only elevated when the ionized 
calcium is measured [3]. NPHPT is characterized by elevated 
PTH levels with persistently normal albumin-corrected total 
calcium and ionized calcium levels over at least 3 to 6 months 
[3]. It is worth noting that some patients with apparent 
NPHPT will be redefined as hypercalcemic after the ionized 
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calcium is measured [18]. Furthermore, untreated patients 
with NPHPT can transition to normal, whereas patients with 
milder PHPT often can transition to normal calcium with 
elevated PTH levels only mimicking NPHPT [19]. Secondary 
hyperparathyroidism is characterized by elevated PTH 
levels associated with persistently normal (or low) albumin- 
corrected total calcium and ionized calcium levels and is 
caused by a physiologic stimulus to PTH secretion rather 
than autonomous parathyroid function. From these defini
tions, it is clear that NPHPT and SHPT may sometimes be 
difficult to differentiate.

There are many medical conditions and medications that 
can cause secondary hyperparathyroidism [16]. These are 
shown in Table 3.

Pathophysiology of NPHPT
Potential mechanisms of NPHPT have recently been reviewed 
by Zavatta and Clarke [13]. One explanation is based on the 
observation that the intraindividual variation in serum 
calcium is much less than the population variation [20]. For 
example, the mean total serum calcium level in healthy outpa
tients without chronic kidney disease at Mayo Clinic Rochester 
and Arizona is approximately 9.2 mg/dL throughout adult life 
(personal communication with R.A.W., Nikola A. Baumann, 
PhD). Hence, a patient with average adult levels who now has 
calcium levels of 9.8 mg/dL may have developed autonomous 
parathyroid function. Other mechanisms include age-related 
decreased 1,25-dihydroxyvitamin D [1,25(OH)2D] produc
tion with decreased feedback on parathyroid glands [21]. 
With prolonged stimulation, autonomous parathyroid gland 
function could occur. Additional proposed mechanisms include 

partial PTH resistance [22], decreased free 25-hydroxyvitamin 
D levels despite normal total 25-hydroxyvitamin D levels [23], 
and abnormal sensing of calcium by the calcium sensing recep
tor on parathyroid glands [24]. The biochemical constellation 
that fits NPHPT likely has heterogenous causes [13].

Cases
Four cases are presented to illustrate relevant clinical 
scenarios.

Case 1: Idiopathic Hypercalciuria
A 38-year-old woman was evaluated for hypocalcemia 
6 months after parathyroid surgery. She had a history of 
kidney stones since age 23. Calcium levels in the 6 years prior 
to parathyroid surgery were 9 to 10 mg/dL. The ionized 
calcium prior to surgery was 1.25 mmol/L (1.15-1.33) with 
intact PTH levels of 93, 88, and 67 pg/mL (normal, 
14-72 pg/mL). The 25(OH)D level was 40 ng/mL, creatinine 
0.68 mg/dL, phosphate 3.2 mg/dL, magnesium 2.1 mg/dL, 
and urinary calcium 748 mg/24 hours. Her family history 
(FH) was significant for a sister with a pituitary tumor and 
genetic testing for multiple endocrine neoplasia type 1 was 
negative. At surgery she had 3 parathyroid glands removed 
(right upper 88 mg, right lower 108 mg, left upper 147 mg). 
She also had a left thyroid lobectomy (benign). Post-operatively, 
she developed hypocalcemia. When evaluated 6 months post- 
operatively she was on calcitriol 0.25 mcg daily and calcium as 
carbonate 600 mg 3 times daily. At that time, laboratory data 
revealed calcium 8.3 mg/dL, magnesium 2.2 mg/dL, phos
phate 3.7 mg/dL, creatinine 0.82 mg/dL, PTH 29 pg/mL, and 
urinary calcium 946 mg/24 hours. Thiazide therapy was 
advised.

Table 2. Definitions

1. Classic hypercalcemic primary hyperparathyroidism
Hypercalcemia with elevated or normal (nonsuppressed) 
parathyroid hormone levels caused by autonomous parathyroid 
function of one or more glands

2. Normocalcemic primary hyperparathyroidism
Elevated parathyroid hormone levels with persistently normal 
albumin-corrected total calcium and ionized calcium levels caused 
by autonomous parathyroid function of 1 or more glands.

3. Secondary hyperparathyroidism
Elevated PTH levels associated with persistently normal (or low) 
albumin-corrected total calcium and ionized calcium levels and is 
caused by a physiologic stimulus to parathyroid hormone 
secretion

Table 1. Classification of primary hyperparathyroidism

1. Symptomatic primary hyperparathyroidism: associated with 
skeletal and renal complications that may include osteitis fibrosa 
cystica and/or fractures, chronic kidney disease, nephrolithiasis, 
and/or nephrocalcinosis

2. Asymptomatic primary hyperparathyroidism: no overt symptoms; 
typically discovered by biochemical screening. 
(a) with target organ involvement
(b) without target organ involvement

3. Normocalcemic primary hyperparathyroidism: Skeletal or renal 
complications may or may not exist in those whose presentation 
fits this definition

Table 3. Causes of secondary hyperparathyroidism

Chronic kidney disease

Malabsorption  
Bariatric surgery  
Gastrectomy  
Inflammatory bowel disease  
Celiac disease  
Short gut syndrome

Idiopathic hypercalciuria

Vitamin D insufficiency/deficiency

Calcium deficiency

Paget’s disease of bone

Obesity

Fibroblast growth factor-23-mediated disorders

Medications  
Bisphosphonates  
Denosumab  
Romosozumab  
Diuretics  
Sodium-glucose contransporter-2 inhibitors  
Lithium  
Anticonvulsants (phenytoin/phenobarbital)  
Tenofovir  
Calcitonin  
Estrogen replacement  
Calcium channel blockers  
Ferric carboxymaltose
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Case discussion
Case 1 demonstrates idiopathic hypercalciuria likely causing 
SPHPT. In 1973, Coe et al described SHPT due to renal hyper
calciuria [25]. Idiopathic hypercalciuria probably has com
plex mechanisms, and the frequency of elevated PTH levels 
is unclear [26]; however, marked hypercalciuria is considered 
an exclusion to the diagnosis of NPHPT [16]. In the patient 
described here, a trial of a thiazide diuretic to lower urinary 
calcium and possibly normalize PTH secretion would have 
been preferred prior to considering parathyroid surgery. In 
patients with hypercalciuria and elevated PTH levels, the de
velopment of hypercalcemia on the thiazide diuretic could 
provide evidence of HPHPT [27] as most patients with 
thiazide-associated hypercalcemia have an underlying dis
order of calcium metabolism [28].

Case 2: Undiagnosed Malabsorption Due to Celiac 
Disease
A 74-year-old woman was seen for osteoporosis and elevated 
PTH levels. There was no fracture history. BMD by dual- 
energy x-ray absorptiometry (DXA) revealed T-scores of 
−2.3 to −3.3. She was treated with calcium 600 mg twice dai
ly, vitamin D2 50 000 units weekly, and risedronate for the 4 
years prior to evaluation. Her biochemical evaluation revealed 
a serum of calcium 9.0 mg/dL, albumin 4.4 g/dL, phosphate 
3.6 mg/dL, creatinine 0.67 mg/dL, magnesium 2.2 mg/dL, 
PTH 101 pg/mL (normal, 15-72 pg/mL), 25OHD 29 mg/dL, 
and urinary calcium 14 mg/24H. Celiac serology was strongly 
positive, and duodenal biopsy revealed villous blunting, intra
epithelial lymphocytosis, and crypt hyperplasia, consistent 
with celiac disease (CD). Risedronate was stopped and she 
was treated with a gluten-free diet, calcium, and vitamin 
D. Eight months later the PTH level and celiac serology had 
normalized. Despite adherence to a gluten-free diet, the 
BMD did not improve, and she was subsequently treated 
with a bisphosphonate.

Case discussion
Case 2 demonstrates undiagnosed malabsorption may cause 
SHPT. The most common disorder in this setting is CD. CD 
is relatively common with a prevalence of about 1% [29]. It 
is more common is patients with a FH of celiac disease as 
well as autoimmune conditions such as type 1 diabetes and 
autoimmune thyroid disease [29]. Clues to diagnosis of CD 
include gastrointestinal symptoms, FH, autoimmune condi
tions, low urinary calcium, and high vitamin D requirements. 
Many patients have no gastrointestinal symptoms [29]. Bone 
loss in celiac disease is in part related to SHPT [30]. The PTH 
level may be elevated even with normal 25(OH)D levels be
cause abnormal duodenal and jejunal mucosa may malabsorb 
calcium and other nutrients. The diagnosis of CD is made by 
celiac serology such as tissue transglutaminase antibodies in 
addition to small bowel biopsy [29]. Immunoglobulin A 
(IgA) deficiency, which is 10 to 15 times more common in pa
tients with CD than in the general population, may cause 
false-negative IgA tissue transglutaminase antibodies, and 
IgA deficiency should be screened for during serologic testing 
for CD [31]. A gluten-free diet remains the only treatment, al
though a transglutaminase 2 inhibitor is being studied [32]. 
Other disorders associated with malabsorption such as in
flammatory bowel disease, gastrectomy, and short gut syn
drome may be accompanied by SHPT.

Case 3: Bariatric Surgery
A 60-year-old woman was seen for osteoporosis and elevated 
PTH levels. Nine months earlier, she fractured the right femur 
and right radius and ulna when she fell in the bathroom on a 
wet floor. She had surgery on both fractures, which healed. 
This prompted a BMD by DXA, which revealed an L1-L4 T 
score of −3.5. There was a history of Roux-en-Y gastric by
pass (RYGB) for obesity approximately 9 years early. She 
was taking calcium 500 mg twice daily, vitamin D 2000IU 
daily, and a daily multivitamin. Laboratory data revealed 
calcium 9.4 mg/dL, albumin 4.5 g/dL, creatinine 0.71 mg/ 
dL, phosphate 3.6 mg/dL, magnesium 2.1 mg/dL, 25(OH) 
vitamin D 40 ng/mL, intact PTH 101 pg/mL, and urinary cal
cium 122 mg/24H. She was treated with continued vitamin D 
and calcium as citrate about 600 mg elemental 3 times daily. 
Two months later the PTH level was high normal at 58 pg/mL 
with calcium 9.4 mg/dL, albumin 4.5 g/dL, creatinine 
0.85 mg/dL, and ionized calcium 1.25 mmol/L. She was ultim
ately treated with romosozumab, and the PTH level has re
mained high normal to slightly elevated with normal 
albumin-corrected and ionized calcium levels.

Case discussion
Case 3 demonstrates SHPT due to bariatric surgery. Elevation 
of PTH levels in obesity was described many years ago by Bell 
et al [33]. PTH level elevations have subsequently been noted 
in many patients prior to bariatric surgery [34-37]. The mech
anism of elevated PTH levels in obesity is probably in part re
lated to lower vitamin D levels but is not completely 
understood [33]. RYBG and other malabsorptive bariatric 
procedures are well known to be associated with an 
Increased likelihood of SHPT [34-37], which may occur 
even with normal vitamin D nutrition [38]. Shafer et al [38] 
showed significantly decreased calcium absorption after bari
atric surgery despite normal vitamin D status presumably be
cause of bypass of calcium absorptive surface in duodenum 
and jejunum. PTH levels and bone turnover markers can 
stay elevated years after both sleeve gastrectomy and RYGB 
[39]. Treatment includes calcium and vitamin D. Calcium as 
citrate may be more easily absorbed in this setting [40]; how
ever, it may be difficult to normalize PTH levels in these pa
tients with calcium citrate or carbonate [41]. Interestingly, 
there have been reports of PHPT with hypercalcemia after 
RYBG [42]. These cases may represent classical PHPT in a pa
tient with RYGB or tertiary hyperparathyroidism in patients 
with prolonged PTH stimulation somewhat akin to kidney 
disease [43].

Case 4: Medication-associated 
Hyperparathyroidism
A 66-year-old woman was referred for possible NPHPT. Ten 
months earlier she was diagnosed with osteoporosis on DXA 
scanning (lowest T-sore −2.8). There was no fracture history. 
At that time her calcium was 9.7 mg/dL, albumin 4.2 g/dL, 
and creatinine 0.78 mg/dL. Her provider started her on cal
cium, vitamin D, and denosumab 60 mg every 6 months. Six 
weeks after the second dose she changed providers and labora
tory evaluation revealed calcium 9.4 mg/dL, albumin 4.1 g/ 
dL, creatinine 0.81 mg/dL, phosphorus 3.0 mg/dL, magne
sium 2.1 mg/dL, 25(OH)vitamin D 43 ng/mL, and intact 
PTH 87 pg/mL. She was referred to an endocrine surgeon 
who advised her to see endocrinology for further evaluation. 
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At that time, she was on calcium 600 mg twice daily and vita
min D 2000 units daily. Laboratory data obtained about 5.5 
months after the last denosumab dose revealed calcium 
9.6 mg/dL, albumin 4.2 g/dL, ionized calcium 1.24 mmol/L, 
creatinine 0.79 mg/dL, phosphate 3.1 mg/dL, intact PTH 
51 pg/mL, and urinary calcium 145 mg/24H.

Case discussion
Case 4 demonstrates SHPT caused by a medication (denosu
mab). Several medications can raise the PTH level (Table 2). 
Lithium interferes with the calcium sensing receptor and in
creases the set point for PTH secretion [44, 45]. Lithium 
may also cause HPHPT [44, 45]. Loop diuretics may increase 
urinary calcium excretion and cause secondary hyperpara
thyroidism [46, 47]. The effect of thiazide diuretics is less 
clear. A study in dogs [48] suggested thiazide diuretics in
crease PTH secretion. One study in humans [49] also sug
gested increased PTH levels despite lowering urinary 
calcium. Other studies in humans suggest PTH levels may be 
lower or unchanged in patients on thiazide diuretics [50-53]. 
Older anticonvulsants such as phenytoin and phenobarbital 
can interfere with vitamin D metabolism and cause secondary 
hyperparathyroidism [54]. Although results are mixed, some 
studies suggest sodium-glucose contransporter-2 inhibitors 
may increase PTH levels [55-58]. Proton pump inhibitors 
(PPIs) have complicated effects on the calcium-parathyroid 
hormone axis. A relative rare complication of PPIs is revers
ible hypomagnesemic hypoparathyroidism [59]. However, 
higher PTH levels have been reported in elderly patients on 
PPIs [60]. Notable among drugs that can increase PTH levels 
are the potent bone antiresorptive drugs such as bisphospho
nates [61] and denosumab [62, 63]. PTH level elevation is 
more commonly seen with denosumab, especially in the first 
few weeks after administration, and can cause confusion in 
the patient being evaluated for secondary causes of osteopor
osis. Romosozumab has both anabolic and antiresorptive ef
fects and is associated with a modest decrease in serum 
calcium [64, 65], as well as elevations in PTH levels [66]. 
Other medications that may increase the PTH level include te
nofovir [67], calcitonin [68], estrogen [69], calcium channel 
blockers [50], and ferric-carboxymaltose [70].

Other Causes of Elevated PTH Levels  
in Eucalcemic Patients
Chronic Kidney Disease
Chronic kidney disease (CKD) is well known to cause 
SHPT [71, 72]. This is due to decreased production of 
1,25(OH)2D as well as phosphate retention. PTH levels may 
begin to increase when glomerular filtration rate (GFR) de
creases below 60 mL/minute [71]. Patients found to have 
both PHPT and elevated PTH levels with normocalcemia 
are often being evaluated for osteoporosis [2]. This popula
tion is also at risk for age-related decline in GFR. 
Additionally, the serum creatinine may overestimate GFR in 
elderly patients with decreased muscle mass [73, 74]. In this 
setting, another measurement of renal function either by plas
ma cystatin C, which is less dependent on muscle mass than 
serum creatinine, or based on a 24-hour urine creatinine clear
ance is advisable to better assess renal function.

Vitamin D Deficiency
Vitamin D deficiency is well known to cause SHPT. The 
25(OH)D level at which PTH levels go up is unclear, and 
the literature is complicated by different 25(OH)D assays 
[75]. That said, a reasonable approach is to obtain a 
25(OH)D level above 30 ng/mL before considering the diag
nosis of NPHPT [3]. It is also worth noting it may take several 
months for PTH levels to normalize after attaining vitamin D 
sufficiency. Vitamin D replacement can also reduce PTH levels 
in PHPT [76].

Low Calcium Intake
Low calcium intake may be associated with SHPT [77]. 
Recently, Shokry et al reported a calcium challenge test in 8 
women and 1 man with eucalcemic hyperparathyroidism 
and low calcium intake. The patients were treated with cal
cium 600 mg twice daily, and PTH levels normalized in all pa
tients [77]. They all remained eucalcemic. In addition, 
secretion of PTH in PHPT can be modified by calcium con
sumption [78, 79].

Fibroblast Growth Factor-23-mediated 
Hypophosphatemic Disorders
Fibroblast growth factor-23-mediated hypophosphatemic 
disorders such as X-linked hypophosphatemia, autosomal 
dominant hypophosphatemic rickets, autosomal recessive hy
pophosphatemic rickets, and tumor-induced osteomalacia 
may be associated with hyperparathyroidism due to decreased 
production of 1,25(OH)2D and phosphate supplementation 
[80]. Such patients may also develop PHPT with hypercalce
mia and biochemistry suggestive of NPHPT [81]. Generally, 
these conditions can be differentiated from primary hyper
parathyroidism based on clinical history and the marked de
gree of hypophosphatemia usually present.

Assay Issues
False elevation in PTH levels may be caused by heterophile 
antibodies and rheumatoid factor [82, 83]. Antimurine heter
ophile antibodies causing PTH level elevation have also been 
reported in a transplant patient treated with muromonab- 
CD3 immunosupression [84]. Additionally, a study from the 
UK found significant variation in the diagnosis of NPHPT us
ing 3 different commercial assays [85].

Epidemiology of Normocalcemic PHPT
There have been several population-based studies to assess the 
prevalence of normal calcium and elevated PTH levels [86- 
95]. Most of these studies excluded patients with 25(OH)D 
levels <20 to 30 ng/mL and estimated GFR (eGFR) < 40 to 
70 mL/minute. Some of these studies did baseline and follow- 
up measurements. Marques et al [87] studied 156 women 
being evaluated for osteoporosis in Brazil. They excluded pa
tients with eGFR <40 mL/minute and 25(OH)D < 30 ng/mL 
as well as patients with known malabsorption or use of med
ications that can raise the PTH level. They found 8.9% with 
elevated PTH levels and normal albumin-corrected calcium. 
Garcia-Martin et al [88] analyzed data from 100 healthy post
menopausal women in Spain. After excluding GFR <70 and 
25(OH)D < 30 ng/mL, 6% had elevated PTH levels with 
normal albumin-corrected calcium at baseline and at 
follow-up. Other studies, however, found elevated PTH 
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levels with normal albumin-corrected calcium much less 
common with a prevalence of 0.2% to 3.3% at baseline 
[89-95] and 0% to 0.6% on follow-up measurement [89, 
90, 93, 95]. Berger et al [91] studied 1872 men and women 
ages >35 years being evaluated for fracture risk (CaMOS). 
After excluding eGFR <60 mL/minute and 25(OH)D < 
20 ng/mL, they found 3.3% had elevated PTH levels and 
normal albumin-corrected calcium. However, of the 53 par
ticipants suspected of having NPHPT, 28 were using bone 
antiresorptive agents and 16 were using diuretics.

Taken together, these studies suggest elevated PTH levels 
with normal serum calcium is uncommon. Further, in some 
of these studies all causes of SHPT were not rigorously ex
cluded, ionized calcium levels were not usually measured, 
and subjects were not always proven to have this biochemical 
pattern persistently. Indeed, the prevalence of true NPHPT 
may be even lower than indicated in these studies.

Morbidity in NPHPT (Skeletal and Renal)
Most of the cohorts studied are in patients in whom a PTH 
level was measured because of bone disease or kidney stones 
resulting in selection bias [10, 18, 22, 87, 96-102]. These re
ports are summarized in Table 4. In summary, these studies 
found osteoporosis in 15% to 57% of patients with NPHPT 
and nephrolithiasis in 4% to 36% of patients with NPHPT. 
Some studies comparing HPHPT and NPHPT found similar 
skeletal and renal morbidity [100, 101], whereas the study 
by Palermo et al found that patients with NPHPT had an inter
mediate biochemical phenotype between HPHPT and con
trols with BMD and fracture risk in NPHPT similar to 
controls [102]. Charopoulos et al [103] used peripheral quan
titative computed tomography (CT) (tibia) and found patients 

with NPHPT had evidence of catabolic actifons at both cor
tical and cancellous sites and that cortical geometric proper
ties are adversely affected in NPHPT whereas trabecular 
properties are generally preserved.

It is not surprising that many of these series are enriched in 
patients with bone and renal stone disease as the PTH level 
was often measured during the evaluation of these conditions. 
Further, ionized calcium was not always measured, and it is 
quite possible some of the patients had HPHPT. Lastly, causes 
of SHPT were not always rigorously excluded, and SHPT 
could also have deleterious skeletal effects.

Nonclassical (Quality of Life and 
Cardiovascular/Metabolic Effects  
or Symptoms)
Patients with severe HPHPT clearly may have neuropsychi
atric and neuromuscular symptoms [4]. In patients with 
mild HPHPT, the causality of these symptoms is less clear 
[4, 104]. In a small study (13 patients), Voss et al found de
creased physical functioning and quality of life (QOL) by 
SF-36 in patients with NPHPT [105].

In asymptomatic HPHPT, observational studies suggest an 
increased prevalence of abnormalities in markers of cardio
vascular outcomes; however, reversibility after parathyroid 
surgery has not been proven [4]. One study found no increase 
in arterial stiffness in patients with NPHPT [106]. There is 
conflicting data on coronary calcification in NPHPT [107, 
108]. Several studies have examined insulin resistance in 
NPHPT. Cakir and colleagues [98] found no evidence of insu
lin resistance in NPHPT and at a 4-year follow-up [109]. Two 
additional studies observed normal insulin sensitivity in pa
tients with NPHPT [110, 111]. Hagstrom et al [112] found 

Table 4. Summary of skeletal and renal morbidity

Reference Number of patients Skeletal Kidney stones

Maurini et al, 2003 [22] 34 NPHPT 18% radiographic demineralization 35%

Tordjman et al, 2004 [96] 32 NPHPT 36% osteoporosis 9%

Lowe et al, 2006 [10] 37 NPHPT 57% osteoporosis 
11% fragility fractures

14%

Marques et al, 2011 [87] 14 NPHPT 21% fractures 29%

Wade et al, 2012 [18] 8 NPHPT 25% osteoporosis 25%

Amaral et al, 2012 [97] 33 NPHPT 
37 HPHPT

15% fractures NPHPT 
11% fractures HPHPT

18% NPHPT 
19% HPHPT

Cakir et al, 2012 [98] 18 NPHPT 47% osteoporosis 11%

Tuna et al, 2015 [100] 23 NPHPT 
284 HPHPT

53% osteoporosis NPHPT 
44% osteoporosis HPHPT

15% NPHPT 
19% HPHPT

Siprova et al, 2016 [99] 187 NPHPT 42% decreased BMD 4%

Pirreaux et al, 2018 [101] 25 NPHPT 
106 HPHPT

25% osteoporosis NPHPT 
32% osteoporosis HPHPT

36% NPHPT 
24% HPHPT

Palermo et al, 2020 [102] 47 NHPT 
41 PHPT

47% osteoporosis in NPHPT 
BMD 
FN, LS similar in NPHPT and HPHPT 
TH lower in HPHPT than NPHPT 
Morphometric vertebral fractures 
60% HPHPT 
28% NPHPT 
23% controls

13% NPHPT 
10% HPHPT

Abbreviations: BMD, bone mineral density; FN, femoral neck; HPHPT, hypercalcemic primary hyperparathyroidism; LS, lumbar spine; NPHPT, 
normocalcemic primary hyperparathyroidism; TH, total hip.
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patients with NPHPT had a more atherogenic lipid profile, 
higher body mass index, and higher glucose levels than age- 
matched controls. A study that compared patients with 
HPHPT, NPHPT, and controls observed that HPHPT and 
NPHPT were similar in metabolic profile [113]. In this study, 
NPHPT patients had a higher prevalence of glucose intoler
ance and hypertension than controls [113]. Chen et al also 
found a higher risk of hypertension in NPHPT than controls 
[114]. Karras et al found NPHPT was associated with higher 
fasting glucose than controls [115] and that glucose homeo
stasis may improve after parathyroidectomy [116].

In summary, the data on nonclassical symptoms and cardio
vascular risks associated with NPHPT is inconclusive. 
Further, because many of the patients in these studies may 
not have met rigorous criteria for the diagnosis of NPHPT, in
terpretation of this data is difficult.

Biochemical Course in Apparent NPHPT
Tordjman et al [96] followed 20 patients with NPHPT and 
none became hypercalcemic during 4 years of follow-up. 
Lowe et al [10] found that 7/37(19%) became hypercalce
mic over about 3 years of follow-up, and the individuals 
who became hypercalcemic had a higher baseline serum cal
cium (9.7 mg/dL), were older, and had higher baseline 
24-hour urine calcium measures. Forty-one percent devel
oped either hypercalcemia, hypercalciuria, fracture, and/or 
kidney stones during that time. In one study of 187 patients 
with NPHPT [99], 19% developed hypercalcemia during up 
to 6 years of follow-up; however, most of these patients be
came hypercalcemic in the first 2 years. In a different study 
of 71 patients with apparent NPHPT, none became hyper
calcemic, with a median follow-up of 23.1 months [117]. It 
is also notable than some patients with elevated PTH levels 
and normal serum calcium levels have normalization of 
PTH levels over time [19, 89, 90, 91, 95]. In summary, 
some patients with NPHPT develop hypercalcemia over 
time, making the diagnosis more definitive. In addition, 
some patients will experience normalization of PTH levels 
over time.

Localization
Preoperative localization is now used routinely to guide the 
parathyroid surgeon [118]. Successful localization appears 
to be less likely in NPHPT compared to HPHPT. A study com
paring imaging modalities in patients with NPHPT and 
HPHPT [119] found that ultrasound localized 22%, 
TC-99-Sestamibi scintigraphy localized 11.1%, and 4D 
parathyroid CT localized 55.6% of patients with NPHPT. 
In contrast, in HPHPT, ultrasound localized 58.3%, TC-99- 
Sestamibi scintigraphy localized 75%, and 4DCT localized 
75% (95% CI, 50.5-99.5). In the study by Siprova et al 
[99], TC-99-Sestamibi scintigraphy was successful in 14% 
of normocalcemic patients compared to 73% of the patients 
who became hypercalcemic. A recent study using 
TC-99-Sestamibi SPECT/CT reported localization in 86.0% 
of patients with HPHPT and 59.4% of patients with 
NPHPT [120].

Surgical Findings
There is some evidence that multiple gland disease (MGD) is 
more common in NPHPT than in HPHPT. Kiriakopoulos 

and colleagues [121] observed no difference in MGD 
(16.8%), but adenomas were smaller in NPHPT compared 
to HPHPT. Lim et al [122] evaluated 573 patients who under
went parathyroidectomy for PHPT. They divided the patients 
into 3 groups: 405 with elevated PTH levels and calcium, 72 
with hypercalcemia and normal PTH levels, and 96 with ele
vated PTH levels and normal calcium. NPHPT was associated 
with MGD in 43 (45%, P < .001). Ten percent of the patients 
with hypercalcemia and normal PTH levels and 9% of the pa
tients with elevated PTH levels and calcium had MGD. On lo
gistic regression, significant predictors for MGD were the 
normocalcemic subtype and positive FH. Twelve-month bio
chemical normalization rates after operative treatment were 
>98% in all 3 groups. Another study [117] observed a high in
cidence of MGD in their patients with NPHPT who under
went parathyroidectomy (53.5%).

Pandian et al [123] analyzed the Collaborative Endocrine 
Surgery Quality Improvement Program database (6836 with 
HPHPT and 733 with NPHPT). Single gland resection was 
more common in HPHPT than NPHPT (73.3%% vs 
47.5%, P < .05). Patients with NPHPT had a higher rate of 
subtotal (3.5 gland) resection compared to patients with 
HPHPT (10.0% vs 4.7%, P < .05). Multigland hyperplasia 
was reported in 43.1% of patients with NPHPT vs 21.9% 
of patients with HPHPT. In the NPHPT cohort, 47 patients 
(6.4%) underwent remedial surgery compared with 307 pa
tients (4.5%) with HPHPT.

PTH Levels After Surgery
Caldwell et al reported that about one-third of patients with 
successful parathyroid surgery at a tertiary care center had ele
vated PTH levels after surgery [124]. In a literature review, de 
la Plaza Llamas et al found a mean prevalence of elevated PTH 
levels after parathyroid surgery for PHPT of 23.5%, ranging 
from 3% to 46% [125]. Surgical resolution of hypercalcemia 
presumably represents a cure; however, persistent elevation of 
PTH levels may be associated with a higher risk of recurrence 
[126]. Persistence of PTH level elevation after successful para
thyroid surgery is probably multifactorial, including calcium 
uptake into the skeleton, vitamin D deficiency, inadequate cal
cium intake or absorption, reduced peripheral sensitivity to 
PTH, underlying CKD, and renal leak of calcium [127]. 
There is much less data about persistence of PTH levels eleva
tion after surgery in NPHPT, although Sho et al found persist
ently elevated PTH levels in 46.5% of patients [117]. From a 
practical standpoint, persistent elevation of PTH levels after 
parathyroid surgery is harder for patients and clinicians to 
understand in the patient who has never been hypercalcemic 
than in the patient whose hypercalcemia was surgically cured.

Skeletal Response to Surgery
BMD increases after curative parathyroid surgery in HPHPT 
[128-133], and fracture risk may decrease after curative para
thyroid surgery [134-137]. There is limited data in NPHPT. 
Koumakis et al [138] found similar increases in BMD 1 year 
after parathyroid surgery in patients with HPHPT compared 
to patients with NPHPT. Sho et al [117] reported a 5.6% in
crease in BMD more than 2 years postoperatively in the pa
tients in whom PTH levels normalized. However, in the 
patients with persistently elevated PTH levels, there was no 
change in BMD (46.5% of the group).
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Cardiovascular and Neuropsychiatric Changes 
After Surgery
The effects of parathyroid surgery on cardiovascular risks and 
neuropsychiatric symptoms in mild HPHPT are unclear [4]. In 
these patients, QOL improvement is greater in observational 
studies than in randomized trials, suggesting there may be a 
bias. There is less data available for NPHPT. Beysal et al 
[139] reported cardiovascular risk factors in patients undergo
ing parathyroid surgery for HPHPT and NPHPT. After para
thyroidectomy, blood pressure, total cholesterol, and 
homeostatic model assessment of insulin resistance decreased 
in both PHPT groups. As noted, one study observed improved 
glucose homeostasis after parathyroidectomy in NPHPT 
[116]. A study of QOL in patients undergoing parathyroidec
tomy for PHPT suggested mild improvement in QOL in 
NPHPT [140]. The same limitations apply to this study as oth
er surgical series of parathyroid surgery on QOL without a 
control group.

Medical Management
Like patients with mild HPHPT being medically managed, a 
normal total calcium intake from diet and supplements of 
about 1000 to 1200 mg daily is appropriate [3]. Normal doses 
of vitamin D to attain a 25(OH)D level of 30 to 50 ng/mL is 
reasonable [3]. Alendronate has been shown to improve 
bone mineral density in HPHPT [141-144]. Casereo et al stud
ied 30 patients with NPHPT randomized to 2800 IU vitamin 
D weekly or 2800 IU vitamin D and alendronate 70 mg week
ly [145]. At 12 months, BMD in the alendronate group in
creased significantly at the lumbar, femoral neck, and total 
femur. The largest increase (4.7%) was at the lumbar spine.

Cinacalcet is approved for management of significant hy
percalcemia in patients with parathyroid cancer and HPHPT 
who cannot or will not have surgery. As the major effect is 
on serum calcium, cinacalcet would not typically be recom
mended in NPHPT. Brardi et al [146] studied 4 patients 
with HPHPT and 6 patients with NPHPT and kidney stones. 
Cinacalcet was given in a dose to normalize PTH levels. 
During a 10-month follow-up period there was a decrease in 
number and size of kidney stones. This study is limited by 
the mix of HPHPT and NPHPT as well as small sample size 
and short follow-up time.

Diagnosis of the Eucalcemic Patient With 
Elevated PTH Levels
The diagnosis of NPHPT should only be made in the patient 
with persistently elevated PTH levels for at least 3 to 6 months 
with normal albumin corrected and ionized calcium after 
causes of secondary hyperparathyroidism have been rigorous
ly excluded and medications that might raise the PTH level 
have been considered (Fig. 1). The presence of intermittent hy
percalcemia or ionized hypercalcemia should result in reclas
sifying the patient as HPHPT. In addition, older women 
with elevated PTH levels without secondary factors and serum 
calcium levels at the higher end of normal compared to lower 
normal or with a serum calcium that has progressed from low
er normal to higher normal may be more likely to develop 
HPHPT in the future [10]. Based on the findings of Kalairia 
et al [85], we also suggest considering measurement of PTH 
levels on at least 2 different analytic platforms. In addition, 
we recommend consideration of assessment of renal function 
by a second method (plasma cystatin C or creatinine clearance 
from a 24-hour urine) in elderly patients and patients with low 
muscle mass. Some have suggested the use of a calcium/ 

Figure 1. Suggested approach to the eucalcemic patient with elevated parathyroid hormone levels.
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phosphorus ratio [147] or a parathyroid function index (using 
calcium, phosphate, and PTH levels) [148] to discriminate 
NPHPT from SHPT. These studies are limited by the lack of 
ionized calcium measurement and retrospective design [13].

Surgery in NPHPT
Because the pathophysiology is complicated, we suggest mak
ing the diagnosis of NPHPT with caution. Patients with ap
parent NPHPT are less likely to localize on imaging and 
more likely to have MGD and need bilateral exploration 
than patients with HPHPT. Lastly, persistent elevation of 
PTH levels is not uncommon after surgery in both HPHPT 
and NPHPT. If the primary reason for surgery is hypercalciu
ria/kidney stones, a trial of a thiazide diuretic seems appropri
ate. If the only reason for surgery is low BMD, a trial of an 
antiresorptive agent such as a bisphosphonate is a 
consideration.

Summary and Conclusions
Although NPHPT has been better characterized in recent 
years, the clinical problem of distinguishing NPHPT from 
SHPT remains. We believe the diagnosis should be made 
with caution only after a careful evaluation for other causes 
of PTH level elevation and observation over a period of 
time. The decision to proceed with surgery should be made 
with even greater caution. Although imaging is typically 
used only after surgery is planned to aid the surgeon, it would 
be reasonable to reserve surgery in NPHPT to those patients 
who have a clear surgical target [16]. We agree with Zavatta 
and Clarke that the patients with eucalcemic PTH level eleva
tion represent a heterogeneous group and NPHPT may be fre
quently misdiagnosed [13].

Conflict of Interest
The authors report no conflicts of interest relevant to this sub
ject matter or materials included in this work.

Data Availability
Data sharing is not applicable to this article as no datasets 
were generated or analyzed during the current study.

References
1. Yeh MW, Ituarte PH, Zhou HC, et al. Incidence and prevalence of 

primary hyperparathyroidism in a racially mixed population. J 
Clin Endocrinol Metab. 2013;98(3):1122-1129. doi:10.1210/ 
jc.2012-4022

2. Griebeler ML, Kearns AE, Ryu E, Hathcock MA, Melton LJ III, 
Wermers RA. Secular trends in the incidence of primary hyper
parathyroidism over five decades (1965-2010). Bone. 2015;73: 
1-7. doi:10.1016/j.bone.2014.12.003

3. Bilezikian JP, Khan AA, Silverberg SJ, et al. Evaluation and man
agement of primary hyperparathyroidism: summary statement 
and guidelines from the fifth international workshop. J Bone 
Mineral Res. 2022;37(11):2293-2314. doi:10.1002/jbmr.4677

4. El-Hajj Fuleihan G, Chakhtoura M, Cipriani C, et al. Classical 
and nonclassical manifestations of primary hyperparathyroidism. 
J Bone Mineral Res. 2022;37(11):2330-2350. doi:10.1002/ 
jbmr.4679

5. Buchebner D, Malmgren L, Christensson A, et al. Longitudinal as
sessment of PTH in community-dwelling older women— 

elevations are not associated with mortality. J Endocr Soc. 
2017;1(6):615-624. doi:10.1210/js.2017-00104

6. Samuels MH, Veldhuis J, Cawley C, et al. Pulsatile secretion of 
parathyroid hormone in normal young subjects: assessment by de
convolution analysis. J Clin Endocrinol Metab. 1993;77(2):399- 
403. doi:10.1210/jcem.77.2.8345044

7. Ledger GA, Burritt MF, Kao PC, O’Fallon WM, Riggs BL, Khosla 
S. Role of parathyroid hormone in mediating nocturnal and 
age-related increases in bone resorption. J Clin Endocrinol 
Metab. 1995;80(11):3304-3310. doi:10.1210/jcem.80.11.759 
3443

8. Calvo MS, Eastell R, Offord KP, Bergstralh EJ, Burritt MF. 
Circadian variation in ionized calcium and intact parathyroid hor
mone: evidence for sex differences in calcium homeostasis. J Clin 
Endocrinol Metab. 1991;72(1):69-76. doi:10.1210/jcem-72-1-69

9. Wills MR, Pak CYC, Hammond WG, Bartter FC. Normocalcemic 
primary hyperparathyroidism. Am J Med. 1969;47(3):384-391. 
doi:10.1016/0002-9343(69)90222-8

10. Lowe H, McMahon DJ, Rubin MR, Bilezikian JP, Silverberg SJ. 
Normocalcemic primary hyperparathyroidism: further character
ization of a new clinical phenotype. J Clin Endocrinol Metab. 
2007;92(8):3001-3005. doi:10.1210/jc.2006-2802

11. Cusano NE, Silverberg SJ, Bilezikian JP. Normocalcemic primary 
hyperparathyroidism. J Clin Densitom. 2013;16(1):33-39. doi: 
10.1016/j.jocd.2012.12.001

12. Cusano NE, Cipriani C, Bilezikian JP. Management of normocal
cemic primary hyperparathyroidism. Best Pract Res Clin 
Endocrinol Metab. 2018;32(6):837-845. doi:10.1016/j.beem. 
2018.09.009

13. Zavatta G, Clarke BL. Normocalcemic hyperparathyroidism: a 
heterogeneous disorder often misdiagnosed? JBMR Plus. 
2020;4(8):e10391. doi:10.1002/jbm4.10391

14. Dawood NB, Yan KL, Shieh A, Livhits MJ, Yeh MW, Leung AM. 
Normocalcaemic primary hyperparathyroidism: an update on 
diagnostic and management challenges. Clin Endocrinol. 
2020;93(5):519-527. doi:10.1111/cen.14315

15. Cusano NE. Evaluation and management of elevated parathyroid 
hormone levels in normocalcemic patients. Med Clin North Am. 
2021;105(6):1135-1150. doi:10.1016/j.mcna.2021.05.017

16. Bollerslev J, Rejnmark L, Zahn A, et al. European expert consen
sus on practical management of specific aspects of parathyroid dis
orders in adults and in pregnancy: recommendations of the ESE 
educational program of parathyroid disorders (PARAT 2021). 
Eur J Endocrinol. 2022;186(2):R33-R63. doi:10.1530/eje-21- 
1044

17. Silverberg SJ, Bilezikian JP. “Incipient” primary hyperparathyr
oidism: a “forme fruste” of an old disease. J Clin Endocrinol 
Metab. 2003;88(11):5348-5352. doi:10.1210/jc.2003-031014

18. Wade TJ, Yen TWF, Amin AL, Wang TS. Surgical management of 
normocalcemic primary hyperparathyroidism. World J Surg. 
2012;36(4):761-766. doi:10.1007/s00268-012-1438-y

19. Yeh MW, Zhou H, Kuo EJ, Adams AL, Li N, Haigh PI. 
Biochemical dynamics of untreated primary hyperparathyroid
ism: an observational study. Endocr Pract. 2019;25(5):470- 
476. doi:10.4158/ep-2018-0489

20. Farquharson RF, Dorothy M, Tibbetts DM. Studies of calcium 
and phosphorus metabolism: XVIII. On temporary fluctuations 
in the level of calcium and inorganic phosphorus in blood serum 
of normal individuals. J Clin Invest. 1930;10(2):271-286.

21. Ledger GA, Burritt MF, Kao PC, O’Fallon WM, Riggs BL, Khosla 
S. Abnormalities of parathyroid hormone secretion in elderly 
women that are reversible by short term therapy with 
1,25-dihydroxyvitamin D3. J Clin Endocrinol Metab. 1994; 
79(1):211-216. doi:10.1210/jcem.79.1.8027229

22. Maruani G, Hertig A, Paillard M, Houillier P. Normocalcemic 
primary hyperparathyroidism: evidence for a generalized target- 
tissue resistance to parathyroid hormone. J Clin Endocrinol 
Metab. 2003;88(10):4641-4648. doi:10.1210/jc.2002-021404



Journal of the Endocrine Society, 2023, Vol. 7, No. 4                                                                                                                                       9

23. Wang X, Meng L, Su C, Shapses SA. Low free (but not total) 
25-hydroxyvitamin D levels in subjects with normocalcemic 
hyperparathyroidism. Endocr Pract. 2020;26(2):174-178. doi: 
10.4158/ep-2019-0325

24. Díaz-Soto G, Romero E, Castrillón J, Jauregui O, de Luis Román 
D. Clinical expression of calcium sensing receptor polymorphism 
(A986S) in normocalcemic and asymptomatic hyperparathyroid
ism. Horm Metab Res. 2015;48(3):163-168. doi:10.1055/s-0035- 
1559723

25. Coe FL, Canterbury JM, Firpo JJ, Reiss E. Evidence for secondary 
hyperparathyroidism in idiopathic hypercalciuria. J Clin Invest. 
1973;52(1):134-142. doi:10.1172/jci107156

26. Worcester EM, Coe FL. New insights into the pathogenesis of 
idiopathic hypercalciuria. Semin Nephrol. 2008;28(2):120- 
132. doi:10.1016/j.semnephrol.2008.01.005

27. Eisner BH, Ahn J, Stoller ML. Differentiating primary from sec
ondary hyperparathyroidism in stone patients: the “thiazide chal
lenge.” J Endourol. 2009;23(2):191-192. doi:10.1089/end.2008. 
0567

28. Griebeler ML, Kearns AE, Ryu E, et al. Thiazide-associated hyper
calcemia: incidence and association with primary hyperparathyr
oidism over two decades. J Clin Endocrinol Metab. 2016;101(3): 
1166-1173. doi:10.1210/jc.2015-3964

29. Caio G, Volta U, Sapone A, et al. Celiac disease: a comprehensive 
current review. BMC Med. 2019;17(1):142. doi:10.1186/s129 
16-019-1380-z 

30. Selby PL, Davies M, Adams JE, Mawer EB. Bone loss in celiac dis
ease is related to secondary hyperparathyroidism. J Bone Miner 
Res. 1999;14(4):652-657. doi:10.1359/jbmr.1999.14.4.652

31. Kumar V, Jarzabek-Chorzelska M, Sulej J, Karnewska K, Farrell 
T, Jablonska S. Celiac disease and immunoglobulin A deficiency: 
how effective are the serological methods of diagnosis? Clin 
Vaccine Immunol. 2002;9(6):1295-1300. doi:10.1128/cdli.9.6. 
1295-1300.2002

32. Schuppan D, Mäki M, Lundin KEA, et al. A randomized trial of a 
transglutaminase 2 inhibitor for celiac disease. N Engl J Med. 
2021;385(1):35-45. doi:10.1056/nejmoa2032441

33. Bell NH, Epstein S, Greene A, Shary J, Oexmann MJ, Shaw S. 
Evidence for alteration of the vitamin D-endocrine system in obese 
subjects. J Clin Invest. 1985;76(1):370-373. doi:10.1172/ 
jci111971

34. Wei JH, Lee WJ, Chong K, et al. High incidence of secondary 
hyperparathyroidism in bariatric patients: comparing different 
procedures. Obes Surg. 2017;28(3):798-804. doi:10.1007/s1169 
5-017-2932-y

35. Ministrini S, Ricci MA, Daviddi G, et al. Determinants of high 
parathyroid hormone levels in patients with severe obesity and 
their relationship with the cardiometabolic risk factors, before 
and after a laparoscopic sleeve gastrectomy intervention. Obes 
Surg. 2020;30(6):2225-2232. doi:10.1007/s11695-020-04453-z

36. Grethen E, McClintock R, Gupta CE, et al. Vitamin D and hyper
parathyroidism in obesity. J Clin Endocrinol Metab. 2011;96(5): 
1320-1326. doi:10.1210/jc.2010-2202

37. Carlin AM, Rao DS, Yager KM, Genaw JA, Parikh NJ, Szymanski 
W. Effect of gastric bypass surgery on vitamin D nutritional status. 
Surg Obes Relat Dis. 2006;2(6):638-642. doi:10.1016/j.soard. 
2006.09.003

38. Schafer AL, Weaver CM, Black DM, et al. Intestinal calcium ab
sorption decreases dramatically after gastric bypass surgery des
pite optimization of vitamin D status. J Bone Miner Res. 
2015;30(8):1377-1385. doi:10.1002/jbmr.2467

39. Crawford MR, Pham N, Khan L, Bena JF, Schauer PR, Kashyap 
SR. Increased bone turnover in type 2 diabetes patients random
ized to bariatric surgery versus medical therapy at 5 years. 
Endocr Pract. 2018;24(3):256-264. doi:10.4158/ep-2017-0072

40. Tondapu P, Provost D, Adams-Huet B, Sims T, Chang C, Sakhaee 
K. Comparison of the absorption of calcium carbonate and cal
cium citrate after Roux-en-Y gastric bypass. Obes Surg. 
2009;19(9):1256-1261. doi:10.1007/s11695-009-9850-6

41. Ring Madsen L, Espersen R, Rejnmark L, Richelsen B. Effect of 
calcium citrate vs calcium carbonate on elevated parathyroid hor
mone after Roux-en-Y gastric bypass. A double-blinded, random
ized trial. Clin Endocrinol. 2018;89(6):734-741. doi:10.1111/ 
cen.13836

42. Chen Y, Lubitz CC, Shikora SA, et al. Primary hyperparathyroid
ism after Roux-en-Y gastric bypass. Obes Surg. 2014;25(4):700- 
704. doi:10.1007/s11695-014-1444-2

43. Keskin M, Öztürk D, Or Koca A, Ertuğrul DT, Bulus H. Does 
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