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MedSchool
Mistakes 
(Caveat 
Emptor)

• Filling in the (Many) Gaps Left from Evidence Based 
Data

• Favoring One’s Own Hypotheses
• Good sugar/triglyceride control can decrease 

macrovascular death
• A1c is a better surrogate marker for Type 2 

Diabetes than weight
• Everyone should die with normal lab data
• Low testosterone in men is bad and should be 

rectified
• Hypogonadotrophic Hypogonadism is endemic in 

males 
• In the 1970’s, the ADA Dietary recommendation 

for all diabetics was to consume >70% of calories 
as carbohydrates

• Occam’s Razor

• Murphy’s Law (Murphy is the “Grand Dean” of all 
medical schools)



PreTest.1

• What is the best index of Vitamin D metabolism?
• A) 25-OH D3
• B) 1,25 OH D3
• C) Both
• D) Neither



PreTest.2

• Low levels of Vitamin D3 should be repleted until they are above 30ng/ml. 
• A) True
• B) False



PreTest.3

• Normocalcemic Hyperparathyroidism should be treated with Parathyroidectomy. 
• A) True
• B) False



Question of the Day for Me:-

IS WHAT WE CALL “PRIMARY
HYPERPARATHYROIDISM” 

REALLY NOT MOSTLY “TERTIARY
HYPERPARATHYROIDISM” 

AND, THEREFORE, 
PREVENTABLE?



Calcium
Cartoon



Loss of 
Calcium from 

Its Major 
Pool



Changing 
Perspectives in 

Hyperparathyroidism 
over Time



Remember 
This



Vitamin D 
Metabolism



Biochemistry of 
Calcitriol 
Synthesis



Are 
Osteoporosis 
and 
Atherosclerosis 
Correlated?



RANKL, Atherosclerosis, and Osteopetrosis
• A large number of studies have demonstrated a relationship between bone 

pathology and vascular disease. The coexistence of osteoporosis and features 
of atherosclerosis, particularly vascular calcification, has been consistently 
demonstrated and is most prevalent in postmenopausal women and elderly 
people 1–5. These observations suggest that there are common pathways 
which negatively affect bone metabolism and the vasculature. New insights in 
this field are emerging since the discovery of osteoprotegerin (OPG) in 1997 
as a key regulator in bone turnover 6–8.

• In a mouse model, deficiency of OPG (OPG −/−) resulted in severe osteoporosis 
but also the unexpected phenotype of vascular calcification 9. Since this 
combination of osteoporotic bone loss and arterial mineral accumulation 
mirrors similar associations seen in patients, OPG was suggested as a key link 
between bone and vascular disease 10

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2729052/#R10


Nice Schematic 
of Calcium 
Metabolism



Another 
schematic



Vitamin D Receptor  
=



Calcium Sensing 
Receptor-1



Calcium Sensing 
Receptor-2



Overview -1



Overview - 2
• Low Serum Calcium Increases PTH Secretion
• PTH Increases Kidney Calcitriol Production
• Calcitriol Down Regulates PTH Secretion
• Serum Calcium and Phosphate Down Regulate Calcitriol Production
• Calcitriol Down Regulates Itself and Down Regulates Renal Calcium 

Excretion
• PTH and Calcitriol Increase Serum Calcium and Filtered Load 
• PTH and Calcitriol Decrease Calcium Excretion, PTH  Increases and 

Calcitriol decreases Renal PO4 Excretion
• The Kidney Cell Surface Calcium Receptor (CaSR) Regulates Renal 

Calcium Retention
• PTH and FGF23 Signal Bone Mineral Release



PTH Receptor-1



Renal Calcium 
Metabolism



Proximal Tubule



Ascending Limb 
Loop of Henle



ROMK 
Inwardly 

Rectifying 
K+Channel



Collecting Duct



Renal PO4
Metabolism



Regulatory 
Schematic



FGF23

The main function of FGF23 seems to 
be regulation of phosphate 
concentration in plasma. FGF23 is 
secreted by osteocytes in response to 
elevated calcitriol.  FGF23 acts on the 
kidneys, where it decreases the 
expression of NPT2, a sodium-
phosphate cotransporter in the 
proximal tubule.[8] Thus, FGF23 
decreases the reabsorption and 
increases excretion of phosphate.

https://en.wikipedia.org/wiki/Osteocyte
https://en.wikipedia.org/wiki/Sodium/phosphate_cotransporter
https://en.wikipedia.org/wiki/Fibroblast_growth_factor_23#cite_note-pmid21346724-8


FGF23



NPT2c

• Compound heterozygous and homozygous 
(comp/hom) mutations in solute carrier 
family 34, member 3 (SLC34A3), the gene 
encoding the sodium (Na(+))-dependent 
phosphate cotransporter 2c (NPT2c), cause 
hereditary hypophosphatemic rickets with 
hypercalciuria (HHRH), a disorder 
characterized by renal phosphate wasting 
resulting in hypophosphatemia, 
correspondingly elevated 1,25(OH)2 vitamin 
D levels, hypercalciuria, and 
rickets/osteomalacia.



Renal Targets



Any Active
Protection from 
Hypercalcemia?

Thyrocalcitonin



Increased Ca++ causes CaSR to stimulate calcitonin release



Thyrocalcitonin

• Serum calcitonin (CT) levels in C+P+, C+P−, and C−P− mice as a function in serum Ca2+

concentration. Mice were maintained on standard chow and 0% Ca2+ water for 1 wk, 1% Ca2+

water for 1 wk and finally, 2% Ca2+ water for a 3rd wk. Serum samples were obtained at the end 
of each of the 3 wk, and levels of Ca2+ and CT were determined as described in materials and 
methods. Data are plotted as serum Ca2+ concentration in any given serum sample vs. the CT 
concentration in that sample. Trend lines represent C+P− and C+P+ (solid) and C−P− (dotted).



FHH and CaSR 
Defect



Genetic 
Hyperparathyroidisms-1



Genetic 
Hyperparathyroidisms-2



Genetic 
Hyperparathyroidisms-3



Genetic 
Hyperparathyroidisms-4 
(FHH)



MEN-1

High recurrence rate/Consider thymectomy/Some patients with mutations of GCM-2



“Primary” 
Hyperparathyroidism 
– What’s New?



Ergo



Study Matrix
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Normocalcemic 
“Primary” 
Hyperparathyroidism?



When “Experts” 
Get Together



“Guidelines” 
from the 
“Experts”



Do you agree? • Is there any other data you might like 
to see?



Hyperparathyroidism and 25-OH Vitamin D



Hyperparathyroidism 
and 25-OH Vitamin D



Vitamin D 
Resistance 
[Rickets]

A 49-year-old white female presented to 
the bone clinic at Mayo Rochester with a 
history of intermittent joint pains 
affecting her hands, feet and elbows 
since her 20s, periarticular growths, and 
bilateral conductive hearing loss. There 
was no history of fractures, renal 
dysfunction, nephrolithiasis or 
hypercalcemia.



Vitamin D Resistance 
[Rickets]

LabTest Patient                1st Degree            Normals



Periarticular 
Calcifications



Vitamin D 
Resistant 
Rickets



Vitamin D 
Resistance 
[Rickets]

• Hereditary hypophosphatemia is a form of FGF23-mediated 
hypophosphatemia categorized as X-linked hypophosphatemia, 
autosomal dominant hypophosphatemic rickets or the much 
rarer autosomal recessive hypophosphatemic rickets (ARHR) 
types 1 and 2. ARHR2 is associated with deficiency of the 
ENPP1 enzyme, which generates pyrophosphate (PPi) from 
adenosine triphosphate, but its association with FGF23 is 
unclear. The clinical features of ARHR2 in adults include:

• Periarticular calcifications with a waxing and waning clinical 
course over years

• History of rickets

• Conductive hearing loss

Rickets and hypophosphatemia are mediated by FGF23 produced 
by bones, which decreases renal phosphate reabsorption and 
decreases 1-alpha hydroxylase activity. Hence a patient with 
hypophosphatemia, high PTH, and high 1,25(OH)2D for the level 
of hypophosphatemia should raise concern for FGF23-mediated 
hypophosphatemia.



Treatment of Vitamin D Resistance [Rickets]

• Vascular health screening demonstrated increased carotid intima-media thickness but no 
vascular calcification. This patient was treated with calcium and calcitriol, which led to 
improvement in serum calcium and phosphorus.



Mrs. K.E.

May 1, 1997      Age                 76.18
• Problem         Left pelvis and leg pains in the 

presence of osteoporosis
• HPI                 Mrs. E. has no family history of 

osteoporosis. She has not consumed much in 
the way of milk and dairy products especially 
for the last 20 years. In 1963 she was found 
to have some ileitis. In 1966 she had bowel 
obstruction and 12" of small bowel removed 
+ right tube + right hysterectomy of the 
remaining organs. In 1968 she had an abscess 
in the right pelvis and the ascending colon 
and ileocecal valve were removed. In 1978 
she was given steroids for asthmatic 
symptoms. In 1978 pernicious anemia was 
diagnosed requiring B12 injections every 2 
weeks.  She was told of malabsorption [of B 
vitamins].



Mrs. K.E.

Date         Ca++   PTH  
---------- - ------ -----

1997/05/01          8.5     344.0 
1997/05/28          8.5     388.0 
1997/07/21          9.3     102.0 

1997/08/21          9.3     167.0 
1997/11/14         10.4      11.4     
1998/01/26         11.2      0 (!)      

1998/04/28          9.7       8.6     
1998/06/26          9.5      11.4     
1999/04/28          9.4      15.2 

2000/02/04          8.7     16.0   
2000/05/01          9.3      15.1



Pre-Treatment 
Values

Ca++        PTH
------ -------
======     =======

Total:               516.42    7015
Average:               9.06         123.07
Count:                   57             57
Maximum:              10.10       388.00
Minimum:               8.5            71.00
Variance:              6.08          3520.98
Standard Deviation: 2.47           59.34



Post- Treatment 
Values

Ca++        PTH

------ -------

======     =======

Total:              910.70     4170.00

Average:        9.49          73.16

Count:        57 57

Maximum:   11.70         211.00

Minimum:     4.90          12.00

Variance:         1.38         1923.70

SD:                          1.18         43.86    



99% Confidence Intervals of the PTH Difference



Does Anyone 
Remember this 
Slide?



PostTest.3

• Normocalcemic Hyperparathyroidism should be treated with Parathyroidectomy.
• A) True
• B) False



PostTest.2

• Low levels of Vitamin D3 should be repleted until they are above 30ng/ml.
• A) True
• B) False



PostTest.1

• What is the best index of Vitamin D metabolism?
• A) 25-OH D3
• B) 1,25 OH D3
• C) Both
• D) Neither



Prospective 
Clinical Trial

Is PTH the best surrogate marker for 
Vitamin D Metabolism?
Is calcitriol the best and safest treatment 
for normocalcemic [secondary] 
hyperparathyroidism?  Is there any 
enhanced risk of stone formation?
Is  what we have been calling “Primary” 
Hyperparathyroidism really “Tertiary” 
Hyperparathyroidism and, therefore, 
preventable [with calcitriol Rx?]



Calcitriol to Prevent Hyperparathyroidism (CaPH) Trial 
[to be presented at EndoSociety March 2020]

• Double-blind, randomized, parallel-controlled clinical trial stratified by history of  nephrolithiasis with follow-up for 5-year
duration

• Calcitriol Rx to keep  PTH< 70 vs Ergocalcitriol to keep 25-OH D3 >30

• N=100 patients/arm

• Visits q90 days

• Bone densitometry [including lateral spine] qyear

• Telopeptides, Crosslinks, Alkaline Phosphatase, UV/Pcalcium/creatinine  ratio vs UV/Pcreatinine , Flat Plates

• Exclusion :  Pcreatinine>2.0,mg/dl, Ca++>10.0 mg/dl 

• Inclusion: PTH >70 pg/ml

• Primary Efficacy Variable: Number of  documented cases of  Hypercalcemic  Hyperparathyroidism

• Secondary Variables: Mortality, Kidney stones,  Bone density, Fractures



Go Herd!

????
Questions

????
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