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Abstract

Background. Renal osteodystrophy may result in con-
siderable morbidity for patients with end-stage renal
disease. Secondary hyperparathyroidism, adynamic
bone disease and osteomalacia, the main bony prob-
lems in chronic renal failure, may all be responsible
for a reduction in bone mineral density (BMD). This
can result in an increased fracture risk. By virtue of
their age, post-menopausal status (in women), sedent-
ary life-style and treatment (including previous cortico-
steroids), haemodialysis patients may be expected also
to be at risk for developing osteoporosis, but little is
known about the relative importance of these factors.
Methods. We report a prospective study examining the
prevalence of reduced bone mineral density (BMD)
and its association with a wide range of factors, in a
heterogenous group of 88 chronic haemodialysis
patients. Femoral neck and lumbar BMD were meas-
ured by dual-energy X-ray absorptiometry (DXA).
Stepwise multiple linear regression analysis was used
to identify risk factors associated with low bone mass.
Results. Forty three patients (48.9%) had reduced
BMD, and in 17 (19.3%) BMD was below the fracture
threshold as defined on DXA measurements by the
World Health Organization (WHO). The BMD had
significant negative associations with age, serum para-
thyroid hormone (PTH) levels, current gastric acid
suppression therapy, female gender, age at menarche
and history of previous fracture. Positive associations
were found with weight, haemoglobin concentration,
average serum phosphate, weekly heparin dose, oral
calcium supplementation and history of para-
thyroidectomy.

Conclusions. We have confirmed the importance of
PTH-related bone disease in affecting BMD in haemo-
dialysis patients, but have found that some other
factors, which are known to be risk factors for osteo-
porosis, are also important.
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Introduction

Osteoporosis is associated with considerable morbidity
and mortality in the general population, and large
epidemiological studies have identified several risk fac-
tors for increased loss of bone mineral including advan-
cing age, female gender, premature loss of gonadal
function, thin body habitus, decreased physical activ-
ity, low calcium intake, cigarette smoking, alcohol
abuse and excess glucocorticoid exposure [1]. In
patients on haemodialysis, bone mineral density
(BMD) may be adversely affected by a number of
additional factors, but these have not been studied
extensively.

Fracturing bone disease in the past was associated
with aluminium overload [2] but, since this problem
has been addressed, largely through water purification
and avoidance of aluminium-containing phosphate
binders, few studies have reported fracture prevalence
specifically in haemodialysis patients [3—5]. These stud-
ies have reported an increased prevalence of fractures;
the risk for hip fracture is increased 3- to 4-fold in
patients with end-stage renal disease [3]. Though the
relative risk was highest in the third decade, the
absolute risk of fracture was highest in those above 70
years. There is a similar exponential increase in hip
fracture associated with ageing in the general popula-
tion. In addition to the fracture risk posed by an
increasingly older population accepting long-term dia-
lysis, many patients have reduced bone mineral content
which may be attributable to other factors. Thinning
of the bony cortex, which is responsible for the largest
contribution towards reduced bone mineral content in
chronic renal failure [6], results in increased fracture
risk. In recent years, emphasis has been placed on the
importance of disorders of vitamin D metabolism and
parathyroid hormone (PTH) secretion [7]. However,
several studies have been unable to demonstrate an
association between reduced bone density and PTH
levels [8—11], suggesting that other factors may be
involved. Adynamic bone disease, increasingly identi-
fied as a significant form of renal osteodystrophy, is
likely to be associated with reduced BMD, though
concrete data are lacking. By virtue of their age, post-
menopausal status (in women), sedentary life-style and
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treatment including previous corticosteroids, haemo-
dialysis patients may be expected to be at risk for
developing osteoporosis, but little is known about the
relative importance of these factors.

Currently, dual-energy X-ray absorptiometry
(DXA) is the preferred method of measuring BMD
due to its high precision and accuracy, short scan time
and low radiation dose [12]. BMD measurements are
important in the investigation of bone disease because
they have been shown to predict fracture risk
and currently are used to define osteoporosis [13].
The definitions advocated by the World Health
Organization (WHO) are based on T-scores (7-score =
measured BMD —young adult BMD/young adult
standard deviation). From this, patients may be divided
into normal (7> —1.0), osteopaenic (T< —1.0 and
> —2.5) and osteoporotic (T'< —2.5).

We report here the results of a study to determine
the BMD and to investigate the relative importance of
a wide range of factors in causing loss of bone mineral
content in haemodialysis patients.

Subjects and methods

Patients

Patients were recruited from the dialysis unit at City Hospital,
Nottingham and a satellite unit at King’s Mill Centre,
Mansfield, UK. All patients with end-stage chronic renal
failure who had been on haemodialysis for longer than 1
month and who were able to complete an interview were
considered eligible. Of the 106 patients who gave their
consent, four died, two received renal transplants and one
moved to another city before completing the study. Five
patients withdrew their consent for the DXA scan due to
concern about exposure to radiation, and four failed to
attend for the DXA scan. One DXA scan failed due to
technical problems. Eighty eight patients completed the study
and their demographic data and biochemistry are summar-
ized in Table 1. There were 48 males (54.5%) and 40 females
(45.5%), of whom 32 were post-menopausal or permanently
amenorrhoeic. The racial composition of the group was: nine
Asian (10.2%), seven black (8.0%) and 72 white (81.8%).
Chronic renal failure was of unknown aetiology in 34 patients
(38.6%) and due to glomerulonephritis in 14 (15.9%), adult
polycystic kidney disease in eight (9.1%), diabetic nephro-
pathy in seven (8.0%), hypertension in six (6.8%), obstructive
uropathy in five (5.7%), reflux nephropathy in four (4.5%),
renovascular disease in three (3.4%), amyloidosis in three
(3.4%) and non-recovery of acute renal failure in three
(3.4%). The mean duration of dialysis in the group was 41.5
months (range 1-266 months) and the hours of dialysis per
week ranged from 7-15 with a mean of 11.2. The dialysate
calcium concentration was 1.0 mmol/l in 24 patients,
1.25 mmol/1 in three patients and 1.5 mmol/l in 61 patients.
Six patients (6.8%) had suffered fractures of long bones
(excluding phalanges) since commencement of renal replace-
ment therapy, and seven (8.0%) had undergone partial
parathyroidectomy for severe secondary hyperparathyroid-
ism. Gastric acid suppression therapy (either H, receptor
antagonists or proton pump inhibitors) was being taken by
32 patients (36.4%), and 12 (13.6%) were taking warfarin.
None of the post-menopausal females were receiving hor-
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Table 1. Patient characteristics
Characteristic Value (mean+SD)  Range
Age (years) 58.2+17.3 18.7-87.0
Height (m) 1.66+0.1 1.440-1.894
Weight (kg) 66.3+14.3 35.4-104.9
Body mass index (kg/m?) 239+44 14.9-39.4
Smoking history (pack 124+18.4 0-80
years)
Alcohol intake (g/day) 2.0+6.6 0-50
Current activity score 32.44+4.1 24.0-51.0
(METs/day)
Heparin dose (U/week) 14726.8 +5994.7 0-33750
Cumulative steroid dose 4680.9+11908.9 0-70433
(mg)
Alphacalcidol dose 1.1+1.7 0-10.5
(ng/week)
Calcium supplementation 1305.9+1137.4 0-6000
(mg/day)
Erythropoietin dose 4720.5+4331.0 0-16000
(U/week)
Average serum calcium over 2.5240.16 2.03-2.94
1 year (mmol/1)
Average serum phosphate 1.87+0.40 0.69-3.03
over 1 year (mmol/l)
Average alkaline 268.14+248.8 80-2194
phosphatase over 1 year
(Iu/m
PTH (ng/1) 238.84+222.1 4-989
Serum ferritin (ng/1) 407.6 +309.6 21-2056
Urea reduction ratio (%) 64.9+8.1 45.2-82.6
Haemoglobin (g/dl) 9.8+1.5 5.6-13.7

mone replacement therapy (HRT). Dietary calcium intake
was <500 mg/day in all but two patients, whose intake was
500-1000 mg/day.

Data collection

Collection of demographic data and treatment details was
performed by means of a structured interview and review of
patient folders and treatment records. Current physical activ-
ity levels were assessed using a questionnaire developed by
Sallis et al. [14] and are expressed in metabolic equivalents
(METs). Dietary calcium intake was documented with a
questionnaire developed and validated by the Dietetics
Department at City Hospital. Weight is measured before and
after dialysis in all patients. The weight used in this study
was the average of three post-dialysis weights recorded in
the week prior to entry.

Biochemistry

Serum urea, creatinine, albumin, calcium, phosphate and
alkaline phosphatase are measured every 2 months using
standard autoanalyser techniques. Calcium levels were cor-
rected for albumin concentration. The urea reduction ratio
(URR) was calculated using urea levels before and after
dialysis. Intact PTH levels were measured within 6 months
of entry into the study using a radioimmunoassay (‘Incstar’
Atlantic Antibodies). From 24 January 1997, this was
changed to a chemiluminescent enzyme immunometric assay
performed with an automated analyser (‘Immulite’,
Diagnostic Products Corp.). Results from the latter assay
were converted to make them comparable with the results
from the previous assay using a formula developed and
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validated by the Clinical Chemistry Laboratory at City
Hospital.

Bone densitometry

DXA studies of the lumbar spine and left hip (or right hip
if this was not possible for technical reasons) were performed
by the Radiology Department at City Hospital using a
‘Lunar Expert-XL’ densitometer (Lunar Corp.). Both sys-
tems report actual values obtained and 7- and Z-scores
which reflect the number of standard deviations by which a
patient’s value differs from the mean of a group of young
normal or age-matched controls, respectively. Thus a T-score
of —2.5 represents a BMD value 2.5 standard deviations
below the mean of a young normal population. The WHO
has defined osteoporosis in terms of T-score criteria.
Osteopaenia is defined as a 7-score of between —1.0 and
—2.5, and osteoporosis as < —2.5[13].

The study was approved by the Nottingham City Hospital
Research Ethics Committee and all patients gave informed
consent prior to entry into the study.

Analysis

Group data are shown as mean +SD. Correlations between
different bone measurements were assessed using Pearson’s
correlation coefficients. A stepwise multiple regression ana-
lysis was used to investigate relationships between bone
measurements and risk factors for, or biochemical markers
of, bone disease. Potential differences between the means of
multiple subgroups were assessed with a Kruskal-Wallis test.
Analyses were performed using SPSS for Windows 6.1 and
Statview 4.01.

Results

Bone densitometry

The results of bone densitometry measurements in the
88 patients who completed the study are shown in
Table 2. A high degree of correlation was found
between DXA measurements at the two different sites
in the femur (r=0.92; P<0.001); correlation coeffi-
cients between DXA lumbar spine values and femoral
neck (r=0.53; P<0.001) or total hip (r=0.60;
P<0.001), though lower, were still statistically
significant.

Factors associated with reduced bone mineral density

Possible risk factors for and biochemical markers of
bone disease were entered as independent variables in

Table 2. Results of DXA in 88 chronic haemodialysis patients
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a stepwise linear multiple regression analysis. These
included all the factors listed in Table 1 and, in addi-
tion, gender, history of long bone fracture, current
smoking, previous parathyroidectomy, cumulative
duration of previous transplant function, treatment
with gastric acid suppression therapy and treatment
with warfarin. The analysis was repeated for femoral
neck BMD and total hip BMD. Independent variables
which entered the equation for different analyses and
reached statistical significance (P-values <0.05) are
shown in Table 3. To examine associations within
subgroups, the process was repeated using the data for
female patients and for patients over 60 years. In the
former analysis, age at menarche and menopausal
status were added as independent variables; results are
shown in Table 4.

Discussion

We have found a moderate reduction in mean BMD
in this unselected population of chronic haemodialysis
patients. The mean Z-score of —0.4 for the DXA
measurement of the femoral neck implies that these
patients are only moderately worse off than age-
matched controls. This is similar to the results of
several other studies using different methods of bone
density measurement [8,10,11,15-17]. In our study,
the prevalence of femoral neck BMD below the fracture
threshold was 19.3%. Thus, although the mean BMD
was only moderately reduced, a significant proportion
of patients were at increased risk for fractures. Little
is known about the fracture risk of haemodialysis
patients with reduced BMD. In the only comprehensive
epidemiological study reported by Gupta and col-
leagues, hip fracture risk among US Medicare end-
stage renal failure patients was increased 3- to 4-fold
[3]. In the general population, the risk of fracture
increases 1.5-3 times for each standard deviation of
decrease in BMD [13]. Six of our patients had a history
of long-bone fracture, and there was a negative associ-
ation between a history of fracture since the commence-
ment of renal replacement therapy and femoral neck
BMD in patients over 60 years, confirming that the
risk is increased.

The relatively weak correlation between lumbar and
femoral DXA measurements (r=0.60 and 0.53) is
probably related to the effects of spinal osteophytes
and aortic calcification which may spuriously elevate
lumbar BMD measurements [18].

Measurement T-score Z-score Osteoporosis® Osteopaenia®
mean +SD mean +SD mean +SD prevalence (%) prevalence (%)
DXA femoral neck density (g/cm?) 0.850+0.170 —1.51+1.38 —0.40+1.22 19.3 48.9
DXA total hip density (g/cm?) 0.890+0.190 —1.25+1.37 —0.48+1.21 13.6 40.9
DXA lumbar (L2-L4) density (g/cm?) 1.180+0.280 —0.31+£2.25 0.56 +2.22 159 19.3

aT-score < —2.5; PT-score < —1.0 but > —2.5.
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Table 3. Independent variables reaching significance from stepwise linear multiple regression analyses using femoral neck BMD and total

hip BMD as dependent variables (all patients)

Femoral neck BMD
(R*=0.51)

Total hip BMD
(R*=0.59)

Coefficient (B)

Standard Coefficient (f)

Coefficient (B) Standard Coefficient (f)

Age —0.003 —0.32
Weight 0.004 0.33
PTH —0.0002 —0.27
Gastric acid suppression therapy —0.10 —0.30
Haemoglobin - -
Female sex - -
Average phosphate (1 year) - -
Weekly heparin dose 0.000005 0.19

—0.002 —0.18
0.006 0.44
—0.0003 —0.34
—0.09 —0.24
0.02 0.16
—0.09 —0.23
0.08 0.18

Table 4. Independent variables entering the equation in repeated stepwise linear multiple regression analyses using femoral neck BMD and
total hip BMD as dependent variables in (i) female patients and (ii) patients older than 60 years

Female patients (n=40)

Patients >60 years (n=49)

Femoral neck BMD Total hip BMD

Femoral neck BMD Total hip BMD

(R*=0.53) (R*=0.67) (R*=0.61) (R*=0.64)

B B B B B B B p
Age —0.004 —-0.39 —0.005 —0.44 - - - -
Weight - - 0.006 0.44 0.004 0.31 - -
Height - - —0.64 —0.26 - - - -
PTH - - - - —0.0002 —0.23 —0.0002 —0.25
Acid supp* —0.12 —0.32 —0.12 —0.33 —0.13 —0.40 —0.11 —-0.29
Female sex - - - - - - —0.18 —0.46
Menarche® —0.04 —0.37 —0.04 —0.38 - - - -
Ca suppl® - - - - 0.00005 0.30 0.00006 0.27
PT surgery! 0.13 0.25 0.15 0.28 - - - -
Fracture® - - - - —0.17 —0.29 - -
Heparin® - - - - - - 0.000007 0.21

2Gastric acid suppression therapy; ®age at menarche; °oral calcium supplementation; *parathyroidectomy; *fracture since commencing renal

replacement; ‘weekly heparin dose (units).

Cortical porosity is increased in hyperparathyroid-
ism [19] and it is therefore not surprising that serum
PTH is an important determinant of BMD. As can be
seen from Tables 3 and 4, serum PTH was negatively
associated with BMD measurements. Secondary hyper-
parathyroidism remains the most common type of
renal bone disease found in haemodialysis patients.
Either in isolation or as part of a mixed renal osteodys-
trophy picture, it has been reported on bone biopsy in
57 of 117 (49%) haemodialysis patients [7] and in 61
of 73 (84%) in a mixed group of haemo- and peritoneal
dialysis patients [17]. Several studies have reported
a similar negative association between PTH levels using
a variety of measurements of BMD [20-22]. Other
studies, however, have been unable to show a negative
association between PTH levels and BMD [8-11,23].
While this may be explained by the small number of
patients or the use of C-terminal PTH assays in some
of the studies, it suggests that other factors affect BMD
in haemodialysis patients. In female patients, previous
parathyroidectomy was positively associated with fem-
oral BMD (Table4), suggesting recovery of the
skeleton after correction of secondary hyper-

parathyroidism. This is supported by a similar finding
in another cross-sectional study [16] and by longitud-
inal studies following parathyroidectomy [24].
Adynamic bone disease and osteomalacia may both
be associated with reduced BMD but, as this study did
not include bone histology, we are unable to comment
on the prevalence in this population. Aluminium over-
load may be responsible for both conditions, and the
definitive diagnosis of this rests with the discovery of
aluminium deposits at the mineralization front on bone
histology. In both our units, dialysate water aluminium
content is measured routinely 6 monthly and is consist-
ently below the recommended standard of 10 pg/l.
Serum aluminium levels are measured routinely in only
a small number of patients prescribed aluminium
hydroxide as a phosphate binder, and this parameter
was therefore not included in the multi-variant analysis.
Age and weight have emerged as important deter-
minants of BMD in our study. Age-related bone loss
plays an important role in the pathogenesis of osteo-
porosis and has been shown to occur in normal adults
at a rate of 1-2% per year after age 40 years, increasing
to 2-4% for 5-8 years following menopause in women
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[1]. Several studies in dialysis patients have reported a
negative association between age and BMD in female
but not in male patients with end-stage renal disease
[20,25]. Two studies found no association between age
and BMD [11,21]. However, the mean age of patients
in these studies was 43 and 50.5 years, respectively,
while in our study patients were older with a mean age
of 58.2 years. As dialysis programmes are accepting
more and more elderly patients who are also experien-
cing markedly improved survival rates, age-related
bone loss can be expected to become an increasingly
important factor affecting bone disease in these
patients. In the normal population, there is a positive
correlation between weight and BMD [26]. This has
been attributed to stimulation of bone formation by
weight bearing and to increased peripheral conversion
of adrenal androgens to oestrogens by adipose tissue.
We have shown a similar association in our patients;
though most studies in haemodialysis patients have
not assessed patient weight, two studies have reported
a positive association between body mass index and
measures of BMD [16,21].

The finding of a negative association between gastric
acid suppression therapy and BMD was unexpected
and, to our knowledge, has not been reported previ-
ously. However, a case—control study of risk factors
for hip fracture in men found an increased risk of
fracture (odds ratio=1.8) in those who had been
treated previously with cimetidine, an effect attributed
to its hormonal side effects (blocking of androgen
receptors and inhibition of oestradiol 2-hydroxylation)
[27]. Hormonal effects would, however, not explain
the association in our patients as the majority were
receiving omeprazole and not cimetidine. Although
gastric acid previously was thought to be necessary to
mobilize insoluble calcium complexes in food, calcium
absorption has been shown to be normal after inhibi-
tion of gastric acid secretion by cimetidine [28]. An
alternative explanation is suggested by animal experi-
ments which have shown that the hypergastrinaemia
resulting from omeprazole therapy is associated with
hypertrophy of the parathyroid glands and a decrease
in femoral BMD [29]. There was, however, no differ-
ence in PTH levels between our patients receiving
gastric acid suppression therapy and those not receiv-
ing it (mean 250 ng/l vs 232ng/l; P=0.7). These
findings require confirmation and further investigation,
as dyspepsia and peptic ulcer disease are common in
haemodialysis patients and many receive gastric acid
suppression therapy (36% in our study).

Our results suggest that hormonal factors also affect
bone density in haemodialysis patients. Female sex was
negatively associated with total hip BMD in the group
as a whole and in the subgroup of patients over 60
years. In female patients, there was a negative associ-
ation with age at menarche. We were unable to show
any effect of menopause or amenorrhoea, but this may
have been due to the fact that 32 of the 40 female
patients (80%) fell into this category. Hormonal factors
are major determinants of BMD in patients without
renal failure. Following menopause, bone loss increases

M. W. Taal et al.

for 5-8 years, and this contributes to the higher
prevalence of osteoporosis in women than in men [1].
Peak bone mass has also been shown to be reduced in
women with later menarche [30]. Many studies of
BMD in dialysis patients have not examined the effect
of gender and one has found no difference between
the rate of bone loss in men and women [15]. However,
Foldes et al. using tibial ultrasound reported reduced
BMD in female patients [21], and Luisetto et al. found
lower femoral and lumbar spine BMD in females [31].
One study found that total and pelvic BMD were
lower in females over 50 years compared with those
under 50 [20], and another reported a lower femoral
neck BMD in women with secondary amenorrhoea
[16]. There is evidence both from animal and human
studies that oestrogen deficiency increases the sensitiv-
ity of bone to PTH [32]. These findings have important
practical implications as oestrogen deficiency following
menopause can be corrected with HRT. None of the
patients in this study was receiving HRT.

The relationship between calcium intake, vitamin D
supplementation and osteoporosis remains controver-
sial. A review of 37 studies showed that calcium
supplements had a consistent effect in preventing bone
loss in 12 interventional studies in post-menopausal
women and that the effect was greatest in studies
in which the baseline calcium intake was low [33].
Few studies have addressed the issue of calcium
supplementation in haemodialysis patients, although
oral la-hydroxycalciferol treatment has been shown to
prevent the loss of BMD at the lumbar spine in 165
male patients [34]. Many of our patients were receiving
calcium-containing phosphate binders and we found a
positive association between calcium supplementation
and both measures of femoral BMD in patients over
60 years (Table4). There was no association with
dietary calcium intake but this was probably due to
the fact that 86 of 88 patients were taking in <500 mg
of calcium per day in their diets. We were unable to
demonstrate any association between lo-hydroxycalci-
ferol therapy and BMD.

The positive association between weekly heparin
dose, femoral neck BMD in the whole group and total
hip BMD in patients over 60 years was unexpected as
high dose heparin therapy has been associated with a
decrease in BMD [35]. However, the dose of heparin
in our patients (mean=14727 U/week) was much
lower than the >10000 U/day in these reports. There
was a positive correlation between heparin dose and
patient weight (r=0.39; P<0.001), and this probably
explains the above observations.

We were surprised that the cumulative dose of
corticosteroids did not enter the regression equation
in any of the analyses, as osteoporosis is a well
documented complication of long-term steroid therapy.
However, there is evidence to suggest that steroid-
induced osteoporosis is reversible, at least in young
patients [36]. As the use of steroids in our patients
was mostly historical (as part of the immunosuppres-
sion for previous renal transplants), this may explain
the lack of association.
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Weight-bearing physical activity is associated with
higher bone mass in cross-sectional studies of patients
without renal failure. Prolonged bed rest causes a
decrease in BMD while increased physical activity can
lead to a small increase in BMD in formerly sedentary
individuals [37]. We were unable to identify any associ-
ation between current activity levels and BMD in
haemodialysis patients. The very low current levels of
activity (mean=32.4 METs/day where 24 METs/day
represents continuous rest or sleep) may account for
this. The finding of a positive association between
haemoglobin and total hip BMD may be an indirect
indicator of an association with physical activity, as
patients with a higher haemoglobin are likely to be
more physically active.

In conclusion, while we have confirmed the impor-
tance of PTH-related bone disease in affecting BMD
in haemodialysis patients, we have found that other
factors which are known to be risk factors for osteopor-
osis, are also important. Age, weight, hormonal factors
and calcium supplementation were all found to be
determinants of BMD. In addition, we have reported
a negative association between gastric acid suppression
therapy and BMD as a new observation. These findings
suggest that in future, increased attention should be
paid to factors associated with osteoporosis and that
efforts should be made to identify patients at increased
risk for fractures for intervention. Prospective studies
are required in order to quantitate the fracture risk
and to determine thresholds for intervention.

Acknowledgements. The authors gratefully acknowledge advice as
regards statistical analysis received from Dr J. Pearson of the
Department of Public Health Medicine and Epidemiology,
University of Nottingham Medical School. We also thank Professor
David N. S. Kerr for reading the manuscript and for his critical
comments. This work was supported in part by the East Midlands
Branch of the National Osteoporosis Society, Nottingham City
Hospital Kidney Fund and Procter and Gamble Pharmaceuticals.

References

1. Hahn TJ. Metabolic bone disease. In: Kelley WN, Harris ED,
Ruddy S, Sledge CB, eds. Textbook of Rheumatology. W. B.
Saunders Co., 1993: 1593-1627

2. Parkinson IS, Ward MK, Feest TG, Fawcett RWP, Kerr DNS.
Fracturing dialysis osteodystrophy and dialysis encephalopathy:
an epidemiological survey. Lancet 1979; 8113: 406-409

3. Gupta A, Kallenbach LR, Divine GW. Increased risk of hip
fractures in U.S. Medicare end-stage renal disease patients.
J Bone Miner Res 1997; 12 [Suppl 1]: S274

4. Hardy P, Benoit J, Donneaud B, Jehanno P, Lortat-Jacob A.
Les fractures pathologiques du col du faemur chez ’haemodiay-
sae: a propos de 26 cas. Rev Chir Orthop Reparatrice Appar Mot
1994; 80: 702-710

5. Schaab PC, Murphy G, Tzamaloukas AH et al. Femoral neck
fractures in patients receiving long-term dialysis. Clin Orthop
1990; 260: 224-231

6. Parfitt AM. A structural approach to renal bone disease. J Bone
Miner Res 1998; 13: 1213-1220

7. Sherrard DJ, Hercz G, Pei Y et al. The spectrum of bone disease
in end-stage renal failure—an evolving disorder. Kidney Int
1993; 43: 436-442

8. Eeckhout E, Verbeelen D, Sennesael J, Kaufman L, Jonckheer
MH. Monitoring of bone mineral content in patients on regular
hemodialysis. Nephron 1989; 52: 158-161

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

1927

. Hutchinson AJ, Whitehouse RW, Boulton HF et al. Correlation

of bone histology with parathyroid hormone, vitamin D3, and
radiology in end-stage renal disease. Kidney Int 1993; 44:
1071-1077

Lechleitner P, Krimbacher E, Genser N ef al. Bone mineral
densitometry in dialyzed patients: quantitative computed tomo-
graphy versus dual photon absorptiometry. Bomne 1994; 15:
387-391

Lindergard B, Johnell O, Nilsson BE, Winklund P-E. Studies of
bone morphology, bone densitometry and laboratory data in
patients on maintenance hemodialysis treatment. Nephron 1985;
39: 122-129

Christiansen C. Osteoporosis: diagnosis and management today
and tomorrow. Bone 1995; 17: 513S-516S

Kanis JA, Melton JL, Christiansen C, Johnston CC, Khaltaev N.
The diagnosis of osteoporosis. J Bone Miner Res 1994; 9:
1137-1141

Sallis JF, Haskell WL, Wood PD et al. Physical activity assess-
ment methodology in the five-city project. Am J Epidemiol 1985;
121: 91-106

Rickers H, Christensen M, Rodbro P. Bone mineral content in
patients on prolonged maintenance hemodialysis: a three year
follow-up study. Clin Nephrol 1983; 20: 302-307

Stein MS, Packham DK, Ebeling PR, Wark JD, Becker
GJ. Prevalence and risk factors for osteopenia in dialysis
patients. Am J Kidney Dis 1996; 28: 515-522

Fletcher S, Jones RG, Rayner HC er al. Assessment of renal
osteodystrophy in dialysis patients: use of bone alkaline phos-
phatase, bone mineral density and parathyroid ultrasound in
comparison with bone histology. Nephron 1997; 75: 412-419
Masud T, Langley S, Wiltshire P, Doyle DV, Spector TD. Effect
of spinal osteophytosis on bone mineral density measurements
in vertebral osteoporosis. Br Med J 1993; 307: 172-173
Brockstedt H, Christiansen P, Mosekilde L, Melsen F.
Reconstruction of cortical bone remodeling in untreated primary
hyperparathyroidism and following surgery. Bone 1995; 16:
109-117

Asaka M, Iida H, Entani C et al. Total and regional bone
mineral density by dual photon absorptiometry in patients on
maintenance hemodialysis. Clin Nephrol 1992; 38: 149-153
Foldes AJ, Arnon E, Popovtzer MM. Reduced speed of sound
in tibial bone of haemodialysed patients: association with serum
PTH level. Nephrol Dial Transplant 1996; 11: 1318-1321
Wittich A, Vega E, Casco C et al. Ultrasound measurement of
the tibia in chronic hemodialysis patients. J Bone Miner Res
1996; 11 [Suppl 1]: S247

Chao S-H, Tsai K-S, Chieng P-U, Lee P-H, Lee C-J, Lee C-S.
Bone mineral density profile in uremic and renal transplant
patients. Transplant Proc 1994; 26: 2009-2011

Copley JB, Hui SL, Leapman S, Slemenda CW, Johnston CC.
Longitudinal study of bone mass in end-stage renal disease
patients: effects of parathyroidectomy for renal osteodystrophy.
J Bone Miner Res 1993; 8: 415-422

Gabay C, Ruedin P, Slosman D, Bonjour J-P, Leski M,
Rizzoli R. Bone mineral density in patients with end-stage renal
failure. Am J Nephrol 1993; 13: 115-123

Dawson-Hughes B, Shipp C, Sadowski L, Dallal G. Bone
density of the radius, spine, and hip in relation to percent of
ideal body weight in postmenopausal women. Calcif Tissue Int
1987; 40: 310-314

Grisso JA, Kelsey JL, O’Brien LA et al. Risk factors for hip
fracture in men. Am J Epidemiol 1997; 145: 786-793

Bo-Linn GW, Davis GR, Buddrus DJ, Morawski SG, Santa
Ana C, Fordtran JS. An evaluation of the importance of gastric
acid secretion in the absorption of dietary calcium. J Clin Invest
1984; 73: 640-647

Gagnemo-Persson R, Hakanson R, Sundler F, Persson P.
Growth of the parathyroid glands in omeprazole-treated
chickens. Scand J Gastroenterol 1994; 29: 493-497
Armamento-Villareal R, Villareal DT, Avioli LV, Civitelli R.
Estrogen status and heredity are major determinants of premeno-
pausal bone mass. J Clin Invest 1992; 90: 2464-2471

Luisetto G, Bertoli M. Sexual influence on bone metabolism in



1928

32.

33.

34.

uremic patients on regular dialytic treatment. Nephron 1994;
67: 150-157

Kotowicz MA, Klee CG, Kao PC er al. Relationship between
serum intact parathyroid concentrations and bone remodeling
in type 1 osteoporosis: evidence that skeletal sensitivity is
increased. Osteoporos Int 1990; 1: 14-22

Cumming RG. Calcium intake and bone mass: a quantitative
review of the evidence. Calcif Tissue Int 1990; 47: 194-201
Morita A, Tabata T, Inoue T, Nishizawa Y, Morii H. The effect
of oral lo-hydroxycalciferol treatment on bone mineral density
in hemodialysis patients. Clin Nephrol 1996; 46: 389-393

35.

36.

37.

M. W. Taal et al.

Dahlman TC. Osteoporotic fractures and the recurrence of
thromboembolism during pregnancy and the puerperium in 184
women undergoing thromboprophylaxis with heparin. Am
J Obstet Gynecol 1993; 168: 1265-1270

Pocock NA, Eisman JA, Dunstan CR, Evans RA, Thomas DH,
Huq NL. Recovery from steroid-induced osteoporosis. Ann
Intern Med 1987; 107: 319-323

Chestnut CH. Bone mass and exercise. Am J Med 1993; 95
[Suppl 5A]: 34S-36S

Received for publication: 30.4.98
Accepted in revised form: 19.3.99



