Osteoporosis and Chronic Kidney Disease
By Catherine Stehman-Breen

Bone disease is heterogenous and highly prevalent among those with chronic kidney disease, stage V (CKD-V)
patients. Although we know much regarding the risk factors and outcomes associated with renal osteodystrophy,
less is known about osteoporosis in CKD-V. Factors that predict bone loss in the CKD-V population are similar to
those in the general population and include female gender, Caucasian race, older age, chronic disease, and
immobility. In addition, some studies suggest that chronic acidosis and renal osteodystrophy may also increase
the risk for bone loss. Little is known about associated adverse outcomes or the impact of therapeutic interven-
tions for osteoporosis. Although we know that the risk for hip fracture is high among CKD-V patients and that
fracture is associated with an increased risk for death, the role that bone loss plays is largely unknown. Current
recommendations suggest that risk-factor modification is the most appropriate course of treatment for CKD-V-

associated osteoporosis.
© 2004 Elsevier Inc. All rights reserved.

STEOPOROSIS IS CHARACTERIZED by
a deficiency in bone mass or volume that
results in increased bone fragility. It is defined by
a decrease in the volume of bone more than 2.5
SDs below the young adult mean and often is
referred to as the fracture threshold. Osteopenia
refers to less severe bone loss and is defined as a
decrease in the volume of between 1 and 2.5 SDs
below the young adult mean value and is the point
at which treatment should begin.t
Bone loss is diagnosed by bone minera densi-
tometry and is assessed most commonly by dual
X-ray absorptiometry. The clinical use of bone
densitometry is based on data from the general
population that suggest that bone mass is the most
significant predictor of hip fracture and that hip
fracture is associated with both increased morbid-
ity and mortality.2 Although vertebral fractures are
associated with severe pain and result in reductions
in functional capacity, hip fractures lead to the
most serious adverse outcome. In the healthy pop-
ulation, the risk for fracture increases approxi-
mately 2.5-fold with each 1 SD decrease in bone
mass.3 Although these rel ationships are well estab-
lished in the healthy population, caution should be
taken in extrapolating data to the CKD-V popula-
tion. The complex relationships between renal os-
teodystrophy and bone mineral density may alter
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the associations. In addition, extraskeletal and vas-
cular calcification may reduce the accuracy of dual
X-ray absorptiometry in determining lumbar spine
bone mineral density.4

For both clinical and pathophysiologic reasons,
osteoporosis should be distinguished from renal
osteodystrophy, which is adisorder of bone remod-
eling and may or may not be associated with os-
teoporosis. Confirmation of these bone diseases is
dependent on histomorphometric anaysis of a
bone biopsy examination. Bone mineral density
does not correlate well with assessments of bone
remodeling. Thus, bone mineral density deter-
mines how much mineralized bone is present and
is used to diagnose osteoporosis whereas histomor-
phometry determines how that bone is arranged
architecturally and is used to diagnose renal os-
teodystrophy

BONE LOSS AND FRACTURE IN CKD-V

Reductionsin bone mineral density are common
among CKD-V patients. We found that the preva-
lence of osteopenia at the femoral neck was 60%
among African Americans and 86% among Cau-
casians. The prevalence of osteoporosis was 22%
among African Americans and 59% among Cau-
casians.®> Others have consistently reported bone
loss among CKD-V patients at the hip.67 Some
studies have found increases in bone mineral den-
sity at the lumbar spine.” It is thought that this
might be secondary to false increases resulting
from extraosseous and vascular calcifications.
Bone loss aso appears to be accelerated among
CKD-V patients.®

In patients with rena disease, there is a high
incidence of both vertebral and hip fractures com-
pared with the general population,8-1 and hip frac-
ture has been associated with an increased risk for
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OSTEOPOROSIS AND CKD

Table 1. Risk Factors for Osteoporosis

Demographic Ethnicity

Sex

Family history

Age and age related
Habits Nutrition

Physical activity
Medications

Smoking

Alcohol

Estrogen deficiency
Androgen deficiency
Chronic disease

Low body mass index
Immobilization

Density (mass)

Size and geometry
Microarchitecture

Low peak bone mass
Drugs Steriods

Coumadin and heparin
Antiseizure medication
Duration of dialysis
Low parathyroid hormone
Metabolic bone disease
B2M amyloidosis
Chronic acidosis
Aluminum intoxication

Hormones

Comorbidities

Characteristics of bone

Uremic-specific factors

death.1* Overal, CKD-V patients are 4.4-fold
more likely to sustain a hip fracture than those in
the general population.’® This increased risk ex-
ceeds that observed in the general population for
both genders and ranges from a 99-fold higher risk
among men younger than 45 years to a 1.7-fold
increased risk among women ol der than 85 years.10
The risk for hip fracture among transplant patients
compared with dialysis patients varies with time
since rena transplant. Immediately after renal
transplant, dialysis is associated with a lower risk
for hip fracture compared with transplant. How-
ever, with time, the relative risk among transplant
patients compared with dialysis patients dimin-
ishes, becoming equivalent approximately 630
days after transplantation.’2 The reasons for this
are likely complex but may be owing to the accu-
mulated bone toxicity of uremia combined with
reductions in steroid dose after transplant.

RISK FACTORS FOR BONE LOSS AND
FRACTURE IN CKD-V

Studies have shown a variety of risk factors for
bone loss among CKD-V patients (Table 1). These
factors can be divided into those that are known to
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be risk factors in the general population but are
more common among CKD-V patients and those
that are specific to uremia or its treatment. Factors
that are more common among CKD-5 patients
include low body mass index, peripheral vascular
disease, and chronic illness. Low body mass index
has been associated with lower bone mineral den-
sity in the genera population, probably by inde-
pendently influencing the characteristics of bone
by increasing the mass of adipose tissue available
for estrogen production or by increasing the pad-
ding at the hips to reduce the forces on bone during
afall.13 Peripheral vascular disease has been asso-
ciated with bone loss in the general population.14
Peripheral vascular disease affects bone remodel-
ing by reducing blood flow to the extremities, but
may also be a marker for health, duration of smok-
ing, and functional status or immobility, all of
which result in loss of bone, a risk factor for
fracture. In addition, subjects with peripheral vas-
cular disease also may be more likely to fall be-
cause of amputations or peripheral neuropathy.
Chronic illness and disability have been associated
with an increased risk for hip fracture in both the
general population and among CKD-V pa
tients1518 Current cigarette smoking results in
bone loss in the healthy population and is an im-
portant risk factor for hip fracture in CKD-V pa
tients.19-21 Bone loss is thought to be the result of
weight loss, adversely affecting genera health and
exercise, and altering sex hormone metabolism.22
Factors specific to CKD-V therapy aso may con-
tribute to altered bone loss and include longer time
on dialysis, metabolic bone disease, B2 micro-
globulin—related amyloidosis, auminum intox-
ication, hypogonadism, avascular necrosis, and
chronic acidosis.%10

The factors that place CKD-V patients at in-
creased risk for fracture are many and probably
lead to both loss and altered architecture, resulting
in increased bone fragility and increased risk for
fracture. The excess risk for fracture among
CKD-V patients may be in part owing to a greater
burden of factorsthat are known to cause bone loss
and altered bone architecture in the general popu-
lation, such asimmohbility, ethnicity, abnormalities
in vitamin D metabolism, protein wasting, low
body mass, and diabetes.1521.23-27 |_ow bone mass
is prevalent among CKD-V patients and osteope-
nia has been associated with an increased risk for
vertebral fracture among CKD-V patients8 The
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association of bone mineral density with hip frac-
ture is not known. Among CKD-V patients, each
decade of life is associated with a 40% increased
risk for hip fracture. The relative risk for hip frac-
ture among women and African Americansis 2.26
and 0.58, respectively. Each unit increase in body
mass index is associated with a 0.89-fold lower
risk for hip fracture whereas the presence of pe-
ripheral vascular disease places CKD-V patients at
1.94-fold greater risk. Other factors that increase
the risk for hip fracture may be uremia specific.
Coco and Rush?*? showed that low parathyroid hor-
mone levels are associated with an increased risk
for hip fracture. Other dialysis-specific factors that
may contribute to hip fracture include longer time
on dialysis, 82 microglobulin—related amyloidosis,
auminum intoxication, hypogonadism, avascular
necrosis, and chronic acidosis.610.28

TREATMENT

In the general population, calcium, vitamin D,
estrogen, selective estrogen receptor modulators,
calcitonin, and bisphosphonates all have been
shown to be effective treatments for osteoporo-
sis.2® Few similar studies have been performed in
CKD-V patients. A nonrandomized study assess-
ing the role of estrogen replacement in CKD-V
patients found significant improvement in bone
minera density after 12 months of treatment com-
pared with no treatment using dua X-ray absorp-
tiometry assessed at the lumbar spine.3° Bone min-
eral density increased in the treatment group and
decreased in the control group, suggesting a pos-
sible role in hypogonadal women with CKD-V.
However, the impact of estrogen replacement
among CKD-V patients on other outcomes includ-
ing cardiovascular events is unknown.

A recent study assessed the impact of raloxifene,
a selective estrogen receptor modulator, on bone
metabolism in postmenopausal women on chronic
hemodialysis.3! In this placebo-controlled study,
50 postmenopausal women with severe osteopenia
or osteoporosis were randomized to receive ralox-
ifene or placebo. After 1 year of treatment, lumbar
spine bone mineral density improved, although
femoral neck bone mineral density did not change.
More data are needed to better understand the
impact of treatment options in this complex group
of patients.

Although bisphosphonates have been suggested
as a potential intervention for the treatment of
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osteoporosis in CKD-V, caution should be used in
the initiation of treatment.32 In CKD-V patients
with high turnover bone disease, there may be
osteoclast activation and vitamin D deficiency. In
low turnover rena osteodystrophy, there may be a
lack of cellular activity. Although there are no
studies examining this, treatment with osteoclast
inhibitors such as bisphosphonates and calcitonin
potentially could cause worsening of low turnover
while causing improvement of high turnover dis-
ease. For these reasons, current recommendations
for osteoporosis management in patients with
CKD-V include calcium and vitamin D supple-
mentation, smoking cessation, and increased phys-
ical activity.33

SUMMARY

Bone loss and hip fracture are common among
patients with CKD-V. Although some risk factors
have been identified, there are no therapies that
have been shown to effectively improve bone min-
eral density or reduce the risk for hip fracture.
Studies are necessary to identify interventions and
determine the impact on the incidence of hip frac-
ture.

REFERENCES

1. Assessment of fracture risk and its application to screen-
ing for postmenopausal osteoporosis. Report of the World
Health Organization Study Group. Geneva, World Health Or-
ganization, 1994

2. Levis S, Altman R: Bone densitometry. Clinical consid-
erations. Arthritis Rheum 41:577-587, 1998

3. Cummings S, Black D, Nevitt M, et a: Bone density at
various sites for prediction of hip fractures. Lancet 341:72-75,
1993

4. Johnson D, Mcintyre H, Brown A, et a: The role of
DEXA bone densitometry in evaluating renal osteodystrophy in
continuous ambulatory peritoneal diaysis patients. Perit Dial
Int 16:34-40, 1996

5. Stehman-Breen C, Sherrard D, Walker A, et a: Racid
differences in bone mineral density and bone loss among end-
stage renal disease patients. Am JKidney Dis 33:941-946, 1999

6. Stein M, Packham D, Ebeling P, et a: Prevalence and risk
factors for osteopenia in dialysis patients. Am J Kidney Dis
28:515-522, 1996

7. Gabay C, Ruedin P, Slosman D, et a: Bone mineral
density in patients with end-stage renal failure. Am J Nephrol
13:115-123, 1993

8. Atsumi K, KushidaK, Yamazaki K, et al: Risk factors for
vertebral fractures in rena osteodystrophy. Am J Kidney Dis
33:287-293, 1999

9. Chaisson R, Fuchs E, Stanton D, et a: Racia heteroge-
neity of HIV antigenemia in people with HIV infection. AIDS
5:177-180, 1991



OSTEOPOROSIS AND CKD

10. Alem A, Sherrard DJ, Gillen DL, et a: Increased risk of
hip fracture among patients with end-stage renal disease. Kid-
ney Int 58:369-369, 2000

11. Coco M, Rush H: Increased incidence of hip fracturesin
dialysis patients with low serum parathyroid hormone. Am J
Kidney Dis 36:1115-1121, 2000

12. Bal AM, Gillen DL, Sherrard D, et d: Risk of hip
fracture among dialysis and renal transplant recipients. JAMA
288:3014-3018, 2002

13. Cummings S, Kelsey J, Nevitt M, et a: Epidemiology of
osteoporosis and osteoporotic fractures. Epidemiol Rev 7:178-
208, 1985

14. Vogt M, Cauley J, Kuller L, et a: Bone mineral density
and blood flow to the lower extremities: The study of osteopo-
rotic fractures. J Bone Miner Res 12:283-289, 1997

15. Mussolino M, Looker A, Madans J, et a: Risk factorsfor
hip fracture in white men: The NHANES | Epidemiologic
Follow-up Study. J Bone Miner Res 13:918-924, 1998

16. Gregg E, Cauley J, Seeley D, et d: for the Osteoporotic
Fractures Research Group: Physical activity and osteoporotic
fracture risk in older women. Ann Intern Med 129:81-88, 1998

17. Wickham C, Walsh K, Cooper C, et d: Dietary calcium,
physical activity, and risk of hip fracture: A prospective study.
Br Med J 299:889-892, 1989

18. Nevitt M, Cummings S, Kidd S, et al: Risk factors for
recurrent non-syncopal falls: A prospective study. JAMA 261:
2663-2668, 1989

19. MelhausH, Michaelsson K, Holmberg L, et al: Smoking,
anitoxidant vitamins, and the risk of hip fracture. J Bone Miner
Res 14:129-135, 1999

20. Cornuz J, Feskanich D, Willett W, et al: Smoking, smok-
ing cessation, and risk of hip fracture in women. Am J Med
106:311-314, 1999

21. Cummings S, Nevitt M, Browner W, et a: Risk factors
for hip fracture in white women: Study of osteoporotic fractures
research group. N Engl J Med 332:767-773, 1995

81

22. Daniel M, Martin A, Faiman C: Sex hormones and
adipose tissue distribution in premenopausal cigarette smokers.
Int J Obes 16:245-254, 1994

23. De Laet C, Van Hout B, Burger H, et a: Hip fracture
prediction in elderly men and women: Validation in the Rot-
terdam study. J Bone Miner Res 13:1587-1593, 1998

24. Grady D, Rubin S, Petitti D, et a: Hormone therapy to
prevent disease and prolong life in postmenopausal women.
Ann Intern Med 117:1016-1037, 1992

25. Orwoll E: Androgens as anabolic agents for bone.
Trends Endocrinol Metab 7:77-84, 1996

26. Bonjour J, Schurch M, Chevalley T: Protein intake,
IGF-1 and osteoporosis. Osteoporos Int 7:S36-$42, 1997

27. LeBoff M, Kohimeier L, Hurwitz S, et al: Occult vitamin
D deficiency in postmenopausal US women with acute hip
fracture. JAMA 281:1505-1511, 1999

28. Stehman-Breen C, Sherrard D, Alem A, et a: Risk
factors for hip fracture among patients with end-stage renal
disease. Kidney Int 58:2200-2205, 2000

29. Hauselmann H, Rizzoli R: A comprehensive review of
treatments for postmenopausal osteoporosis. Osteoporos Int
14:2-12, 2003

30. Matuszkiewicz-Rowinska J, Skorzewska K, Radowicki
S, et a: The benefits of hormone replacement therapy in pre-
menopausal women with oestrogen deficiency on haemodialy-
sis. Nephrol Dia Transplant 14:1238-1243, 1999

31. Hernandez E, Vaera R, Alonzo E, et a: Effects of
raloxifene on bone metabolism and serum lipids in postmeno-
pausal women on chronic hemodialysis. Kidney Int 63:2269-
2274, 2003

32. Rossini M, Gatti D, Isaia G, et al: Effects of oral alen-
dronate in elderly patients with osteoporosis and mild primary
hyperparathyroidism. J Bone Miner Res 16:113-119, 2001

33. Lindberg J: Osteoporosis in end-stage renal disease. Se-
min Nephrol 19:115-122, 1999



	Osteoporosis and Chronic Kidney Disease
	BONE LOSS AND FRACTURE IN CKD-V
	RISK FACTORS FOR BONE LOSS AND FRACTURE IN CKD-V
	TREATMENT
	SUMMARY
	REFERENCES


