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Osteoporosis and Chronic Kidney Disease

By Catherine Stehman-Breen

one disease is heterogenous and highly prevalent among those with chronic kidney disease, stage V (CKD-V)
atients. Although we know much regarding the risk factors and outcomes associated with renal osteodystrophy,

ess is known about osteoporosis in CKD-V. Factors that predict bone loss in the CKD-V population are similar to
hose in the general population and include female gender, Caucasian race, older age, chronic disease, and
mmobility. In addition, some studies suggest that chronic acidosis and renal osteodystrophy may also increase
he risk for bone loss. Little is known about associated adverse outcomes or the impact of therapeutic interven-
ions for osteoporosis. Although we know that the risk for hip fracture is high among CKD-V patients and that
racture is associated with an increased risk for death, the role that bone loss plays is largely unknown. Current
ecommendations suggest that risk-factor modification is the most appropriate course of treatment for CKD-V–
ssociated osteoporosis.

2004 Elsevier Inc. All rights reserved.
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STEOPOROSIS IS CHARACTERIZED by
a deficiency in bone mass or volume that

esults in increased bone fragility. It is defined by
decrease in the volume of bone more than 2.5

Ds below the young adult mean and often is
eferred to as the fracture threshold. Osteopenia
efers to less severe bone loss and is defined as a
ecrease in the volume of between 1 and 2.5 SDs
elow the young adult mean value and is the point
t which treatment should begin.1

Bone loss is diagnosed by bone mineral densi-
ometry and is assessed most commonly by dual
-ray absorptiometry. The clinical use of bone
ensitometry is based on data from the general
opulation that suggest that bone mass is the most
ignificant predictor of hip fracture and that hip
racture is associated with both increased morbid-
ty and mortality.2 Although vertebral fractures are
ssociated with severe pain and result in reductions
n functional capacity, hip fractures lead to the
ost serious adverse outcome. In the healthy pop-

lation, the risk for fracture increases approxi-
ately 2.5-fold with each 1 SD decrease in bone
ass.3 Although these relationships are well estab-

ished in the healthy population, caution should be
aken in extrapolating data to the CKD-V popula-
ion. The complex relationships between renal os-
eodystrophy and bone mineral density may alter
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8 Seminar
he associations. In addition, extraskeletal and vas-
ular calcification may reduce the accuracy of dual
-ray absorptiometry in determining lumbar spine
one mineral density.4

For both clinical and pathophysiologic reasons,
steoporosis should be distinguished from renal
steodystrophy, which is a disorder of bone remod-
ling and may or may not be associated with os-
eoporosis. Confirmation of these bone diseases is
ependent on histomorphometric analysis of a
one biopsy examination. Bone mineral density
oes not correlate well with assessments of bone
emodeling. Thus, bone mineral density deter-
ines how much mineralized bone is present and

s used to diagnose osteoporosis whereas histomor-
hometry determines how that bone is arranged
rchitecturally and is used to diagnose renal os-
eodystrophy

BONE LOSS AND FRACTURE IN CKD-V

Reductions in bone mineral density are common
mong CKD-V patients. We found that the preva-
ence of osteopenia at the femoral neck was 60%
mong African Americans and 86% among Cau-
asians. The prevalence of osteoporosis was 22%
mong African Americans and 59% among Cau-
asians.5 Others have consistently reported bone
oss among CKD-V patients at the hip.6,7 Some
tudies have found increases in bone mineral den-
ity at the lumbar spine.7 It is thought that this
ight be secondary to false increases resulting

rom extraosseous and vascular calcifications.
one loss also appears to be accelerated among
KD-V patients.5

In patients with renal disease, there is a high
ncidence of both vertebral and hip fractures com-
ared with the general population,8-11 and hip frac-

ure has been associated with an increased risk for

s in Nephrology, Vol 24, No 1 (January), 2004: pp 78-81
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OSTEOPOROSIS AND CKD 79
eath.11 Overall, CKD-V patients are 4.4-fold
ore likely to sustain a hip fracture than those in

he general population.10 This increased risk ex-
eeds that observed in the general population for
oth genders and ranges from a 99-fold higher risk
mong men younger than 45 years to a 1.7-fold
ncreased risk among women older than 85 years.10

he risk for hip fracture among transplant patients
ompared with dialysis patients varies with time
ince renal transplant. Immediately after renal
ransplant, dialysis is associated with a lower risk
or hip fracture compared with transplant. How-
ver, with time, the relative risk among transplant
atients compared with dialysis patients dimin-
shes, becoming equivalent approximately 630
ays after transplantation.12 The reasons for this
re likely complex but may be owing to the accu-
ulated bone toxicity of uremia combined with

eductions in steroid dose after transplant.

RISK FACTORS FOR BONE LOSS AND
FRACTURE IN CKD-V

Studies have shown a variety of risk factors for
one loss among CKD-V patients (Table 1). These

Table 1. Risk Factors for Osteoporosis

emographic Ethnicity
Sex
Family history
Age and age related

abits Nutrition
Physical activity
Medications
Smoking
Alcohol

ormones Estrogen deficiency
Androgen deficiency

omorbidities Chronic disease
Low body mass index
Immobilization

haracteristics of bone Density (mass)
Size and geometry
Microarchitecture
Low peak bone mass

rugs Steriods
Coumadin and heparin
Antiseizure medication

remic-specific factors Duration of dialysis
Low parathyroid hormone
Metabolic bone disease
�2M amyloidosis
Chronic acidosis
Aluminum intoxication
actors can be divided into those that are known to v
e risk factors in the general population but are
ore common among CKD-V patients and those

hat are specific to uremia or its treatment. Factors
hat are more common among CKD-5 patients
nclude low body mass index, peripheral vascular
isease, and chronic illness. Low body mass index
as been associated with lower bone mineral den-
ity in the general population, probably by inde-
endently influencing the characteristics of bone
y increasing the mass of adipose tissue available
or estrogen production or by increasing the pad-
ing at the hips to reduce the forces on bone during
fall.13 Peripheral vascular disease has been asso-

iated with bone loss in the general population.14

eripheral vascular disease affects bone remodel-
ng by reducing blood flow to the extremities, but
ay also be a marker for health, duration of smok-

ng, and functional status or immobility, all of
hich result in loss of bone, a risk factor for

racture. In addition, subjects with peripheral vas-
ular disease also may be more likely to fall be-
ause of amputations or peripheral neuropathy.
hronic illness and disability have been associated
ith an increased risk for hip fracture in both the
eneral population and among CKD-V pa-
ients.15-18 Current cigarette smoking results in
one loss in the healthy population and is an im-
ortant risk factor for hip fracture in CKD-V pa-
ients.19-21 Bone loss is thought to be the result of
eight loss, adversely affecting general health and

xercise, and altering sex hormone metabolism.22

actors specific to CKD-V therapy also may con-
ribute to altered bone loss and include longer time
n dialysis, metabolic bone disease, �2 micro-
lobulin–related amyloidosis, aluminum intox-
cation, hypogonadism, avascular necrosis, and
hronic acidosis.6,10

The factors that place CKD-V patients at in-
reased risk for fracture are many and probably
ead to both loss and altered architecture, resulting
n increased bone fragility and increased risk for
racture. The excess risk for fracture among
KD-V patients may be in part owing to a greater
urden of factors that are known to cause bone loss
nd altered bone architecture in the general popu-
ation, such as immobility, ethnicity, abnormalities
n vitamin D metabolism, protein wasting, low
ody mass, and diabetes.15,21,23-27 Low bone mass
s prevalent among CKD-V patients and osteope-
ia has been associated with an increased risk for

8
ertebral fracture among CKD-V patients. The
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CATHERINE STEHMAN-BREEN80
ssociation of bone mineral density with hip frac-
ure is not known. Among CKD-V patients, each
ecade of life is associated with a 40% increased
isk for hip fracture. The relative risk for hip frac-
ure among women and African Americans is 2.26
nd 0.58, respectively. Each unit increase in body
ass index is associated with a 0.89-fold lower

isk for hip fracture whereas the presence of pe-
ipheral vascular disease places CKD-V patients at
.94-fold greater risk. Other factors that increase
he risk for hip fracture may be uremia specific.
oco and Rush11 showed that low parathyroid hor-
one levels are associated with an increased risk

or hip fracture. Other dialysis-specific factors that
ay contribute to hip fracture include longer time

n dialysis, �2 microglobulin–related amyloidosis,
luminum intoxication, hypogonadism, avascular
ecrosis, and chronic acidosis.6,10,28

TREATMENT

In the general population, calcium, vitamin D,
strogen, selective estrogen receptor modulators,
alcitonin, and bisphosphonates all have been
hown to be effective treatments for osteoporo-
is.29 Few similar studies have been performed in
KD-V patients. A nonrandomized study assess-

ng the role of estrogen replacement in CKD-V
atients found significant improvement in bone
ineral density after 12 months of treatment com-

ared with no treatment using dual X-ray absorp-
iometry assessed at the lumbar spine.30 Bone min-
ral density increased in the treatment group and
ecreased in the control group, suggesting a pos-
ible role in hypogonadal women with CKD-V.
owever, the impact of estrogen replacement

mong CKD-V patients on other outcomes includ-
ng cardiovascular events is unknown.

A recent study assessed the impact of raloxifene,
selective estrogen receptor modulator, on bone
etabolism in postmenopausal women on chronic

emodialysis.31 In this placebo-controlled study,
0 postmenopausal women with severe osteopenia
r osteoporosis were randomized to receive ralox-
fene or placebo. After 1 year of treatment, lumbar
pine bone mineral density improved, although
emoral neck bone mineral density did not change.

ore data are needed to better understand the
mpact of treatment options in this complex group
f patients.
Although bisphosphonates have been suggested
s a potential intervention for the treatment of 5
steoporosis in CKD-V, caution should be used in
he initiation of treatment.32 In CKD-V patients
ith high turnover bone disease, there may be
steoclast activation and vitamin D deficiency. In
ow turnover renal osteodystrophy, there may be a
ack of cellular activity. Although there are no
tudies examining this, treatment with osteoclast
nhibitors such as bisphosphonates and calcitonin
otentially could cause worsening of low turnover
hile causing improvement of high turnover dis-

ase. For these reasons, current recommendations
or osteoporosis management in patients with
KD-V include calcium and vitamin D supple-
entation, smoking cessation, and increased phys-

cal activity.33

SUMMARY

Bone loss and hip fracture are common among
atients with CKD-V. Although some risk factors
ave been identified, there are no therapies that
ave been shown to effectively improve bone min-
ral density or reduce the risk for hip fracture.
tudies are necessary to identify interventions and
etermine the impact on the incidence of hip frac-
ure.
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