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“Dilemma should be reserved for reference 
to a predicament in which a difficult choice 
must be made between undesirable 
alternatives”  (Apple dictionary) 
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“Osteoporosis” is a 
measurement on a bone density 

and not a diagnosis. 
 

Similar to anemia which 
is a measurement on a blood sample 

but not a diagnosis. KDIG
O



Anemia 

Iron deficiency 

GI Blood loss 

Surgical resection 

Poor diet 

Iron supplements 

Hemolytic 

Thalassemia 

DFO, 
transfusions 

Autoimmune 

Prednisone 

Hypoproliferative 

Chronic disease CKD 

Erythropoietin 

Acute bleeding 

Repair trauma 

Transfusion KDIG
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Low Bone 
Density 

Decreased bone 
formation 

Increased bone 
resorption 

Increased bone 
resorption plus 
decreased formation  Abnormal  

collagen 
Osteomalacia 

Lytic lesions 

Aging 

Menopause 

Inflammation 

Liver disease 

Steroids 

Vitamin D  
deficiency 

Aluminum 
toxicity 

Myeloma 

Diabetes 

Malnutrition 

Hyper-
parathyroid 

Hyperthyroid 

CKD KDIG
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Low Bone 
Density 

Bisphosphonates 
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Bone density in Dialysis Patients 

Ott, Nephrology, 2009 
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Fracture Prevalence in CKD 5D 
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Bone density in Dialysis Patients 
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New studies with HRpQCT 

•  With these research tools patients 
with CKD have lower bone density 
than normal controls. 
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Klawansky, Osteo Int, 2003 

Bone density by eGFR 

data from NHANES 
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CKD-MBD  

Increased PTH and alkaline 
phosphatase 

Normal PTH and alkaline 
phosphatase 

Bone density weakly related to 
fractures 

Bone density predicts fractures 

Bone loss mostly in cortical bone Bone loss in trabecular and cortical 
bone 

High prevalence of adynamic bone 
or very high bone formation 

Bone formation generally normal to 
slightly high 

Associated with vascular 
calcifications 

Weakly associated with vascular 
calcifications 

Abnormal calcium, phosphate, FGF23, 
BMP7, Klotho, 1,25-vitamin D, iron, 
bicarbonate, sclerostin, and cytokines 

Normal or mildly abnormal 

Ordinary 
0steoporosis  
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Gal-Moscovici, KI 2010 

Progressive abnormalities in CKD 
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FGF23 and fractures 

Mirza, JBMR, 2010  

eGFR > 71  

eGFR < 71  KDIG
O



Treatment of Bone Disease 
in CKD patients 
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These studies excluded sick patients.  The 
subjects had normal calcium, PTH, and 
alkaline phosphatase. 

Post-hoc analysis of studies of osteoporosis 
medications (bisphosphonates, raloxifene, 
teriparatide and denosumab) that included subjects 
with age-related CKD stage 3 found fracture benefit, 
similar to patients with normal eGFR 

CKD stage 3 
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N = 6458  Age 55 to 80  with low bone density 
Exclusion: creat>144µmol/L 
Normal serum PTH, calcium, vitamin D, thyroid, alk. phos. 
Patients with stage 4 CKD were excluded 
 
Using a modified Cockcroft-Gault, 581 (9.9%)  had eGFR <45 
Women with eGFR <45  had greater number of fractures 
 
With alendronate (3 to 4.5 years) vs. placebo: 
Similar odds ratio for clinical fracture (0.80 with CKD vs. 0.78) 
Odds ratio for Spine fracture not significantly different 
 (0.72 with CKD vs. 0.50) 
 

Jamal, JBMR 2007 
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Treatment of bone disease 

Stage 4-5 CKD 
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Pharmacokinetics of 
bisphosphonates 

Cleared only by kidney 

Very poor oral absorption 

About 50% of dose deposited in the skeleton 

Deposits in calcified tissues 

Remains in skeleton for longer than 10 years 

Pamidronate clearance 69 ml/min KDIG
O



A Pervasive Myth: 
bone formation with bisphosphonates is normal 

 
“Reduction of bone turnover . . . without any signs of adynamic bone” – 
Recker, 2007 
 
“Most patients on bisphosphonates show reductions in remodeling to the 
range seen in healthy premenopausal women” – Khosla et al, 2012 
 
“BPs decrease the rate of bone turnover into the premenopausal range” – 
Papapoulos 2008 
 
“reducing bone turnover to premenopausal levels – the level of bone 
resorption seen in many users of bisphosphonates” – Abrahamsen, 2012 
 
“I find the key point statement “Bisphosphonates severely reduce bone 
formation and cause adynamic bone disease” too strong.” – 2013 reviewer 
 
“The statement that bisphosphonates cause adynamic bone disease is 
unproven” – 2013 reviewer 
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Alendronate vs placebo: 
baseline P1NP tertiles 

Bauer, JBMR, 2006	



Non-spine 
fractures KDIG

O



NTX and fracture incidence 

Eastell, JBMR,2007 
Below a 35-40% decrease in NTX there was no further  
decrease in vertebral fracture risk 
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Dell, JBMR, 2012 

Incidence of atypical femur fracture 

Rate/ 
100,000/ 
yr 

Duration bisphosphonate use, yrs 
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Alendronate in CKD stage 3-4 

•  RCT of 51 patients, mean eGFR 34 
•  18 months duration 
•  NO difference in progression of 

cardiovascular calcification 
•  Higher PTH with alendronate 
 

Toussaint, AJKD 2010 
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Alendronate in CKD stage 3-4 

•  Spine increase 0.3 T-score units more with 
alendronate than with placebo. 

•  Fem neck 0.03 T-score units higher (not 
significant) 

Toussaint, AJKD 2010 
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Vascular Calcification 
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Vascular calcifications and bone 
turnover 

Model proposed by Cannata & Hruska 
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Bisphosphonates and vascular calcification 
•  Etidronate directly inhibits mineralization 

•  In some animal models bisphosphonates inhibit 
development of vascular calcifications 

•  If bone resorption is high, treatment can lower 
calcium and phosphate by decreasing bone 
resorption  

•  However, these drugs severely decrease bone 
formation and this will lead to unstable  serum 
mineral levels because bone can not buffer 
calcium or phosphate 
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Bisphosphonates and vascular calcification 
•  In women with osteoporosis, vascular 
calcifications increased after treatment with 
alendronate or ibandronate, but this was not 
different from controls. 

•  In the MESA study, bisphosphonate users 
younger than 65 yrs had higher prevalence of 
vascular calcifications than non-users, but those 
older than 65 yrs had lower prevalence than non-
users.  There was no reason found to explain this 
difference. 

•  Studies of cardiovascular adverse effects in 
bisphosphonate users are inconsistent. 
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Cardiovascular events (MI) in 
bisphosphonate users: Mixed results 
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Be cautious about bisphosphonates 
in patients with CKD stages 4-5 

1)  Inadequate studies in this population. 

2)  Data from patients with early stages of CKD 
may not reliably be extrapolated to later 
stages because many features of bone 
disease appear in stages 4-5. 

3)  Bisphosphonates can increase PTH. 

4)  Bisphosphonates markedly reduce the bone 
formation rates. 

5)  Some rare but serious side effects have been 
reported with prolonged use. 
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Jamal, JBMR, 2011 

Denosumab in CKD 
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Denosumab lowers serum calcium in CKD 

Normal Stage 2 Stage 3 Stage 4 Stage 5 

N 12 13 13 9 8 

# with 
low Ca 

0 1 0 2 2 

Number with calcium <7.5 

FDA 
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Hernandez, 2003, Kidney Int 

One year  
BMD results 

Placebo 
N = 25 

Raloxifene 
N = 25 

Spine .952 - .949 .942 - .973* 

Hip .745 - .753 .722 - .727 

Raloxifene in women on dialysis 
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Hernandez, 2003, Kidney Int 

Raloxifene : Cross-links 
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Mitsopoulos AJN 2012 

Osteoporosis medicines in CKD-MBD 
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Mitsopoulos AJN 2012 

Osteoporosis medicines in CKD-MBD 

N = 5; PTH = 267 
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Osteoporosis medicines in CKD-MBD 

N = 8; PTH = 487 Mitsopoulos AJN 2012 
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Osteoporosis medicines in CKD-MBD 

N = 7; PTH = 250 pg/ml Mitsopoulos AJN 2012 
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Osteoporosis medicines in CKD-MBD 

N = 8; mean PTH = 150 pg/ml Mitsopoulos AJN 2012 
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Cejka, Kidney BP Res 2010 

Teriparatide in CKD-MBD 

N = 7;  hx PTX in 6 

SPINE HIP 
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Wnt signalling pathway 
 
Wnt-signalling pathway is 
necessary for osteoblastic 
cell differentiation 
 
Inhibitors of this pathway 
include sclerostin, 
dickkopf, wnt-inhibitory 
factor and secreted frizzled 
related protein. 
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Li, JBMR, 2009 

Sclerostin antibodies increase 
formation of normal bone 
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Romosozumab 

Presented 2012 
ASBMR 
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SOST inhibits prostate cancer invasion 
Bryan Hudson, Gabriela Loots, Nick Hum, Cindy Thomas.  
Lawrence Livermore National Laboratory: ASBMR 2012 

SOST did not change the proliferation of prostate 
cells in culture. 
 
In a double-chamber system, adding SOST decreased 
the invasiveness of the prostate cancer cells. 
 
Bone from Sost k/o mice had increased invasion of 
prostate cancer cells. 
 
Sost k/o mice had more tumor formation when 
injected with prostate cancer cells; 
Lrp5 k/o mice had decreased tumor formation. 

KDIG
O



Wnt signalling: potential concerns 

-  Sclerostin involved in FGF23 secretion 
 
-  Wnt signalling increases conversion of 

vascular smooth muscle cells into 
osteoblasts 

-  Some βcatenin activated mice get AML 

-  Wnt signalling may worsen renal disease 
and cause podocyte dysfunction, proteinuira 
and epithelial damage.  
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Neuromuscular function and fracture in CKD 

West, Nephrol Dial Tx, 2012  

N = 211 
CKD 3-5 KDIG

O



KDIG
O



Don’t forget about falls! 
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