Frequency of Metabolic Bone Disease in Haemodialysis Patients
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Abstract

The frequency of metabolic bone disease related to secondary hyperparathyroidism was studied in 47
haemodialysis patients, using biochemical, radiological parameters and bone biopsy (30 males, 17
females; mean age 48 years). The duration on dialysis ranged from 1-5 years. Hypocalcemia was found
in 47% while 62% had raised phosphorus levels and 49% raised alkaline phosphatase. Serum
parathyroid hormone was elevated in 86%, while in 13% it was markedly raised. On radiological
examination there was generalized osteopenia in 49% and decreased bone density in 21%. In 30% no
radiological abnormality was detected, In 40% bone biopsy revealed osteomalacia, mixed
osteodystrophy 21%, osteoporosis 8.5% and in 25% no histological abnormality was observed (JPMA
46:83, 1996).

Introduction

Secondary hyperparathyroidism develops in most patients with End Stage renal disease (ESRD) and
may cause severe metabolic bone disease and extrosseous calcification. The main factors leading to the
excess parathormone (PTH) and parathyroid hypeiplasia are phosphate retention and reduced gastro
intestinal absorption of calcium due to reduced synthesis of 1,25 dihydroxy vitamin D3 (1,25 (OH)2
D3). Compounding factors are end organs (bone) resistance to parathyroid hormone, few parathyroid
receptors for 1,25 (OH), D3. impaired degradation of PTH secondary to reduced renal function and

alteration in glandular response to serum calcium levell.
Differences in PTH level have been noted in maintenance haemodialysis patients with different forms
of renal osteodystrophy. The predominant bone disease in dialysis patients has been osteitis fibrosa

characterized by an increase in osteoblast surface, bone resorption and the bone formation rate>”.
However during the late 1970s and early in 1980s, a significant number of patients were found to have
low-turn- over aluminium related bone disease (LTARBD) which was associated with a relative
deficiency of PTH, a decrease in osteoblast surface, the presence of stainable bone aluminium, osteoid
accumulation, and decreased rate of bone formation® !, Recently an increased number of dialysis
patients with aplastic bone disease also called as “adynaniic bone disease” has been reportedlz’B.
These patients also have relative PTh deficiency and similar bone histology as patients with LTARBD
except that stainable bone aluminium is absent and osteoid accumulation is not observed!. The aim of

the present study was to determine the frequency, types and severity of bone disease in patients on
maintenance haemodialysis.

Patients and Methods

Forty-seven patients of ESRD on maintenance haemodialysis at the Kidney Centre for more than one
year duration were studied. These patients were on acetate haemodialysis with the duration of four
hours twice weekly. Treated water (reverse Osmosis) was used in dialysis. Almost all the patients were
on phosphate binders (Calcium Carbon—ate, dose ranged from 1.5 to 3.0 G/day) but not on vitamin D
preparation. Serum aluminium levels were not measured due to non-availability of this test when the



study was performed. Patients with bone tuberculosis, malignancy, rejected trans—plant and rheumatoid
arthritis were excluded from the study. Metabolic bone parameters (calcium, inorganic phosphorus.
alkaline phosphatase) were evaluated by micro-lab analyzer. Mid molecularparathormone level was
estimated by radioim—munoassay. In skeletal survey, x-ray both hands and pelvis, were carried out and

bone density was assessed subjective1y14. Osteopenia revealed thinning of bone cortex and rarification,
while decreased bone density means lesser thinning of bone cortex as compared to osteopenia. Non-
decalcified trephine bone biopsy was performed and stained with haemotoxylin, eosin (H&E) and
vonkossa stain and not for aluminum due to lack of facility. Patient clinical data from medical record
was also obtained.

Results

Thirty males and 17 females (mean age 48 years) were studied. The cause of ESRD was chronic
glomerulonephritis in 33%, diabetes mellitus in 21%, hypertension in 19%, adult polycystic kidney
disease in 14% and chronic pyelonephritis in 12%. Seventeen cases were on dialysis since 1-3 years, 14
since 2-3 years, 13 since 3-4 years and 3 for more than 5 years. Poor compliance to diet was present in
21%, 6%to medication and 4% to dialysis. Results of different metabolic bone parameters are shown in
Table I.

Table I. Values of metabolic bone parameters.

Parameters Normal Low High
Serum calcium No 24 (51%) 22 (47%) ]
(mg/dl) Range 8.6-10.5 7-8.5 11.2
Mean+SD 9.4+0.48 R.1+0.46
Inorganic No 17 (36%) 1 29 (62%)
Phosphorus Range 2.8-49 2.0 5-11.9
(mg/dl) Mean+SD 3.9+0.68 6.8+1.73
Alkaline No 24 (31%) & 23 (49%)
Phosphatase Range 86-291 305-3035
(U/L) Mean+SD 182455 681+571
Parathyroid No 1 = 46 (98%)
Hormone Range 0.12 0.69-16.4
(ng/ml) Mean+SD 3.91+3.04

Hypocalcemia was present in 47% while 62% had raised phosphorus. 49% raised alkaline phosphatase
and 86% raised parathyroid honnone. On radiology 30% had no radiological abnormality, decreased
bone density was present in 21% and osteopenia in 49%. Bone biopsy revealed osteornalacia in 40%
characterized by bone trabeculac with wide non mineralized osteoid alongwith osteoblastic lining.
There was no marrow fibrosis and osteoblastic activity was not increased. The second common



pathological lesion was mixed osteodystrophy (Osteitis fibrosa and osteomalacia) in 21% which was
associated with non- mineralized pink osteoid. There was prominent osteoblastic and osteoclastic
activity with increase in marrow fibrosis. Osteoporosis was reported in 8.5%. Histologically bone
trabeculac were widely separated from each other and lined by fatty marrow. In 25% no histological
abnormality was detected.

Bone biopsy was not possible in 4% because of obesity and severe bone pain. Pattern of metabolic
bone disease and its relation with biochemical and radiological parameters are given in Table II.

Table I1. Pattern of melabolic bone disease with bioschemical and radiological features

Bone biopsy Hypocalcerma  Raised phosphorus  Raized Alkaline  Osteopenia Decreased  Elevated Path
Histological lesion <86 mg/dl 5 mg/dl Phosphatase Bone dens
4043-3335 LI/
Osteomalacia 40% 68% 63% 63% 68% 129, Mild 1o mod=89% .
Marked Elevated=11%,
Mixed osteodystrophy P 8074 9% T0%% 3% Markedly elevated 30

{Osteiis Fibrosa)
Oslemoazacia 21%

Osteoporosis Normal Normal Normal Nil 75% Mildly elevated
8.5% CA P Alk. Pho 98%

Normal 25% Wil 13% Wil Wil Nil Mildly elevated 83%
Biopsy not possible in 4% due to obesity and pain~~
Osteopenia: Thining of bone corlex and rarefaction in bones
Decreased bone densily: Lesser thining of bone corlex as compared 1o osleopenia
Elevated PTH: Mildly eleated (Upto 3.0 ng/ml)
Moderately elevated (3.0-7.0 ng/ml)
M.‘lrkfdlj.'i:h.“l.'uifd (Upto 16.0ng/ml)
Statistically P= Non significant.
Osteopenia was found in 21% while decreased bone density was found in 49%.
It was noticed that the presence of renal bone disease in relation to etiology of ESRD was 100% in
chronic pvelonephritis, in diabetes 60% and polycystic kidneys 50%. We also observed the effect of
duration on dialysis on renal bone disease, 3 patients who were on dialysis for more than 5 ears had
100%prcsenceof disease and it was 59% in 17 cases who were on dialysis since 1-2 years.

Discussion

The results of this study represent osteomalacia as a dominant renal bone disease.It can be due to
dietary deficiency of vitamin D3 or decreased endogenous synthesis of vitamin D3 or due to aluminum
intoxication. This is unlikely to be due to aluminum intoxication because aluminum free reverse
osmosis treated water was used for dialysis and also the calcium compound phosphate binders instead
of aluminum containing compounds were used. Regarding osteoporosis, 3 of 4 patients were females,
aged more than 55 years, so estrogen related osteoporosis cannot be ruled out.

Our result are different from other studies conducted abroad’5. The possible reason could be that
investigations carried out in our set up were i) albumin related total serum calcium level ii) mid
molecular parathormone and iii) subjective assessment of bone density, The bone biopsy was only seen
with H&E stain and vonkossa stain. The assessment of ionized calcium, intact parathormone, vitamin
D3, bone mineral density by dual x-ray absorptiometry (DEXA), serum aluminum, bone biopsy with
tetracycline labelling and for stainable alurninumwere not available inour set-up while they are
frequently done abroad!41®. This was our pilot study but in subsequent studies, we will be able to
perform bone biopsy with tetracycline labelling and for stainable aluminum.



Studies from 1970s through mid 1980s have indicated that the most common form of renal

osteodystrophy is osteitis fibrosa®. This is characterized by very high parathormonc level”, Although
not fully confirmed there has been some recent suggestions that the frequency ofosteitis fibrosa may be
decreasing. This may be due to factors which decrease PTFI, e.g.. the more liberal use of vitamin D3.
the use of calcium compounds as phosphate binders and also greater number of diabetics as dialysis
patients. In our study we did not observe osteitis fibrosa but mixed osteodystrophy (osteitis fibrosa and
osteonialacia) was common.

We also noticed that patients with diabetes mellitus have mildly elevated PTH (upto 3.0 ng/ml) and

lower prevalence of bone disease as compared to non diabetics'”. But this was statistically not,
significant. The mean survival in diabetic patients on hemodialysis at our Centre is almost 2 years. This

may be the possibility showing low prevalence of bone disease inthis group. We confirmed the results

of Briger et al.. the renal osteodystrophv was significantly raised as duration on dialysis increases'S.

We conclude that frequency of metabolic bone disease in our dialysis patients is 70%. The commonest
pathological lesion is osteomalacia (40%). followed by mixed osteody strophy (2 1%) and osteoporosis
(8.5%). Further studies arc needed to determine the therapeutic measures for prevention of renal
osteody strophy.
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