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Renal osteodystrophy is a common finding in patients with renal insufficiency. The maximum of its intensity is
found in hemodialysis patients. Bone densitometry is so far the best method for non-invasive assessment of the
extent of the illness. Some densitometric studies in hemodialysis patients have already been published but their
results differ in prevalence and intensity of renal osteodystrophy. They also demonstrated a slight relationship
between intensity of renal osteodystrophy and duration of the dialysis treatment. Opinions vary on the relationship
between bone mineral density and markers of bone turnover. This cross-sectional study found high prevalence of
renal osteodystrophy (Z-score below —1 in 57% of patients) as well as high a number of severely damaged patients
(T-score below 2.5 in 40% of patients). It also showed some correlation between bone demineralisation and the
duration of dialysis. None from evaluated markers of bone turnover correlated with bone mineral density.

INTRODUCTION

Kidney function impairment leads to disturbance in
metabolism of many substances. The after-effects are
found in all tissues and organs of the body. One of the
most affected tissues is bone. There are several patho-
physiologic mechanisms, which lead to different types
of renal osteodystrophy.!> The common characteristic
for all of them is worsening of the quality of bone
followed by loss of bone tissue with a decrease of its
biomechanical stability. Definitive diagnosis of renal
osteodystrophy is made by a bone biopsy sample exami-
nation. Because of its invasiveness this method is not
suitable for routine clinical practice and is often re-
placed by non-invasive procedures. They assess bio-
mechanical stability according to bone mineral density,
and bone turnover according to markers of osteoblast
and osteoclast activity.>* Renal osteodystrophy reaches
its maximum in patients dependent on kidney function
replacement. All of its forms cause predominant dama-
ge of cortical bone.>*8Bone mineral density was shown
to be the most accurate predictor of the risk of bone
fracture.’ So far, quite a few densitometric studies have
been done. They found high prevalence of bone dem-
ineralisation, which slightly varies among dialysis cen-
tres and has some relationship to dialysis duration.®3%1%
The physiological bone turnover is necessary for a steady,
good biomechanical stability of bone — high as well as a
low one leads to a decrease of the bone mineral density.
The most reliable markers of bone turnover are intact
parathormone, bone alkaline phosphatase, and in pa-
tients without liver disease also total alkaline phos-
phatase.'"!? There are various patterns of the types of

bone turnover in different centres. The relationship
between markers of bone turnover and bone mineral
density is discrepant.®1013.14

To assess the renal osteodystrophy in patients at our
dialysis centre we carried out a cross-sectional study in
which we measured the bone mineral density of the
distal third of the non-dominant forearm and the most
reliable markers of bone turnover. We then evaluated
the relationship between bone mineral density and ei-
ther bone turnover and dialysis duration by statistical
analysis.

PATIENTS AND METHODS

Thirty five patients in hemodialysis participated in
the study of which there were 13 females and 22 males.
The median age was 55 years, and length of dialysis
treatment was in the range of 2-142 months with a me-
dian of 23 months. The original illness leading to renal
failure was chronic interstitial nephritis and pyelo-
nephritis in 20 patients, polycystic kidney disease in
4 patients, chronic glomerulonephritis in 7 patients, dia-
betic nephropathy in 3 patients and systemic lupus ery-
thematosus in 1 patient. All of them were administered
Rocaltrol 0,25 pg qd. The serum level of intact para-
thormone (PTH) was measured by RIA method, kit
Byk-Sangtec [1, normal range 10-65 pg/ml. Total akaline
phosphatase (ALP) was measured by automatic ana-
lyser Encore. Bone alkaline phosphatase was anylsed by
method of Forsman and O’Brien.”» Normal range of
serum activity was up to 2,3 pkat/l for ALP and up to
1,2 pkat/l for BALP. Bone mineral density of the non-
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dominant forearm was evaluated by osteodensitometer

Osteometr — 100A/S DTX 100. The computer program 29%

Statgraphics was used for statistic calculation.
RESULTS

Obtained Z-scores of bone mineral density were
sorted into groups according to their values. Tab. 1.

Table 1. Z-score in the group of 35 hemodialysis patients.

7~ score No %
7>0 12 34
0< 7 >2-1 3 9

-l< 72 222 7 20
2< 7 >2-3 7 20
3< 7 >4 6 17
n 35 100

T-score of the bone mineral density was used for
evaluation of the whole risk of fracture. See tab. 2.

Table 2. T-score of bone mineral density in group of 35 hemodialysis
patients.

T-score No %
T>-1 9 26
-1>T>-25 12 34
T<-2.5 14 40
n 35 100

The bone turnover was assessed according to the
serum level of intact parathormone (PTH), total alka-
line phosphatase (ALP) and bone alkaline phosphatase
(BALP). Average values of these markers of bone turno-
ver are in tab. 3.

Table 3. The average values of serum levels of bone turnover markers
in the group of 35 hemodialysis patients.

PTH 225.8 £ 198.0 pg/ml
ALP 33+ 1.2 pkat/l
BALP 1.0+ 0.8 pkat/l

The serum level of intact parathormone was then
used for the assessment of bone turnover. According to
Sherrard et al. the serum level of intact PTH in hemo-
dialysis patients within a range 100-200 pg/ml is re-
quired for the normal bone turnover." In this study the
value above 200 pg/ml was considered as a high bone
turnover renal osteodystrophy, with the value below
50 pg/ml as a low turnover. Values in-between this range
were considered as noncharacteristic. The amount of
patients in each group is depicted in graph 1.
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Graph 1. The amount of patients with high (H), low (L) and
noncharacteristic bone turnover (N) in the group of 35 hemodialysis
patients.

For evaluation of any relationship between bone
mineral density and the duration of dialysis we corre-
lated Z-score with months of dialysis, see graph 2.
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Graph 2. Correlation between Z-score and the duration of dialysis in
the group of 35 hemodialysis patients.

Then we correlated markers of bone turnover to Z-
score and dialysis duration to see if a relationship exis-
ted among them. Tab. 3.

Table 3. Correlation coefficients of the Z-score, the markers of bone
turnover and dialysis duration in the form of 1/p, where r is Pearson’s
correlation coefficient and p is level of statistical significance.

parameter | PTH ALP BALP dialysis duration
Z-score -0.15/0.39  |-0.12/0.48 |-0.30/0.08 |-0.33/0.05
PTH 0.08/0.65 0.43/0.01 0.25/0.15
ALP 0.73/0.00 0.10/0.56
BALP 0.36/0.03
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DISCUSSION

The severity of renal osteodystrophy is assessed non-
invasively according to two parameters. One of them is
the bone mineral density. Because all forms of renal
osteodystrophy affect mainly cortical bone we chose the
distal third of the non-dominant forearm for examina-
tion. Similarly as Huraib, deVita and Asaka, we found
a high prevalence of serious bone demineralisation: Z-
score was below -1 in 57% of patients and T-score,
which is the most accurate predictor of the risk of bone
fracture, was below the critical point of the bone frac-
ture —2.5 in 40% of patients.

When we evaluated the bone turnover we could see
that the most common was high one (48%), followed by
the low one (29%). A similar pattern of bone turnover
was also reported by other authors (deVita, Hutchison),
but it is changing over the years. The high bone turno-
ver is going down and on the other hand the low one is
rising.

To assess the relationship between Z-score of bone
mineral density and markers of bone turnover we calcu-
lated Parson’s correlation coefficient. Similarly as Hut-
chison and on contrary to Ha, we could not demonstrate
any significant correlation.

The renal osteodystrophy is considered to get worse
during hemodialysis treatment. As Chan, Gabay and
others reported, there is some correlation between
hemodialysis duration and bone mineral density. We
also found their dependence, but very weak, correlation
coefficient r was only —0.33. The explanation of this
finding could be in the different individual bone mass
before beginning of dialysis treatment as well as in the
different types of renal osteodystrophy with various bone
turnover, which can lead to bone demineralisation with
different rapidity. Bone mineral density is optimal only
under physiological bone turnover. A high or low turno-
ver lead to bone density impairment.

Having correlated markers of bone turnover among
themselves, we found statistically significant correlation
between PTH and BALP. The correlation coefficient
was 0.43, with even better correlation between BALP
and ALP. This fact implies increased osteoblast activity
under the influence of PTH. Tight correlation between
total alkaline phosphatase and it’s bone fraction ena-
bles us to use just the total one as a marker of bone
turnover in patients without gut and liver impairment.

CONCLUSION

This cross-sectional study showed that a marked
decrease of bone mineral density affects a high number
of dialysis patients. The majority of patients suffer from
high turnover renal osteodystrophy. Because of the dif-
ferent types of renal osteodystrophy only a weak corre-
lation was found between bone demineralisation and
duration of dialysis treatment. Single photon bone den-
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sitometry of the non-dominant forearm seems to be
simple and in comparison to others, also a cost effective
investigatory method. Its use for evaluation of bone
demineralisation is based on the fact that all forms of
renal osteodystrophy affect predominantly cortical bone.

REFERENCES

1. Malluche, H. H., Langub M. C., Monier-Faugere, M. C. (1997)
Pathogenesis and Histology of Renal Osteodystrophy. Osteoporo-
sis Int. 7 (Suppl. 3), 184-187.

2. Gonzales, E. A., Martin, K. J. (1995) Renal osteodystrophy:
pathogenesis and management. Nephrol. Dial. Transplant. 10
(suppl. 3), 13-21.

3. Boling, E. P, Primavera, C., Friedman, G., King, M., Bosserman,
L., Schulz, E. E., Goodman, W. G. (1993) Non-invasive measure-
ments of bone mass in adult renal osteodystrophy. Bone 74,
409-413.

4. Compston, J. E., Cooper, C., Kanis, J. A. (1995) Bone densito-
metry in clinical practice. B. M. J. 310, 1507-1510.

5. Schober, H. C.,, Han, Z. H., Foldes, A. J., Shih, M. S., Rao, D. S.,
Balena, R., Parfitt, A. M. (1998) Mineralised bone loss at diffe-
rent sites in dialysis patients — implications for prevention. J. Am.
Soc. Neph. 9, 1225-1233.

6. Chan, T. M,, Pun, K. K., Cheng, I. K. (1992) Total and regional
bone densities in dialysis patients. Nephrol. Dial. Transplant. 7,
835-839.

7. Kobashi, T.,, Okamura, T., Kawabe, J., Hosokawa, C., Ikeda, H.,
Koyama, K., Hagiwara, S., Takemoto, Y., Ochi, H.,Yamada, R.
(1995) Assessment of bone mineralization of hemodialysed pa-
tients with SPA and DPA - different effect of PTX with the site.
Kaku Igaku 32, 667-673.

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

9. Huraib, S., Souqqiyeh, M. Z., Asward, S., al-Swailem, A. R.
(1993) Pattern of renal osteodystrophy in haemodialysis patients
in Saudi Arabia. Nephrol. Dial. Transplant. 8, 603-608.

10. Asaka, M., Iida, H., Entani, C., Fujita, M., Izumino, K., Takata,
M., Seto, H., Sasayama, S. (1992) Total and regional bone mi-
neral density by dual photon absorptiometry in patients on main-
tenance hemodialysis. Clin. Nephrol. 38, 149-153.

11. Hutchison, A. J., Whitehouse, R. W., Boulton, H. F,, Adams, J. E.,
Mawer, E. B, Freemont, T. J., Gokal, R. (1993) Correlation of
bone histology with parathyroid hormone, vitamin D3, and radi-
ology in end-stage renal disease. Kidney Int. 44, 1071-1077.

12. Coen, G., Ballanti, P,, Bonucci, E., Calabria, S., Centorrino, M.,
Fassino, V., Manni, M., Mantella, D., Mazzaferro, S., Napoletano,
I., Sardella, D., Taggi, F. (1998) Bone markers in the diagnosis of
low turnover osteodystrophy in haemodialysis patients. Nephrol.
Dial. Transplant. 13, 2294-2302.

13. DeVita, M. V., Rasenas, L. L., Bansal, M., Gleim, G. W., Zabetakis,
P. M., Gardenswartz, M. H., Michelis, M. F. (1992) Assesment of
renal osteodystrophy in hemodialysis patients. Medicine 71,
284-290.

14. Copley, J. B., Hui, S. L., Leapman, S., Slemenda, C. W., Johnston,
C.C. Jr. (1993) Longitudinal study of bone mass in end-stage
renal disease patients: effects of parathyroidectomy for renal
osteodystrophy. J. Bone Miner. Res. 8, 415-422.

15. Sherrard, D., Hercz, G., Pei, Y. (1994) Parathyroid hormone goal
values to prevent symptomatic renal osteodystrophy. J. Am. Soc.
Nephrol. 5, 888.

16. Erlichman, M., Holohan, T. V. (1996) Bone densitometry: pa-
tients with end-stage renal disease. Health Technol. Assess. 8,
1-27.

17. Oda, H., Yorioka, N., Takemasa, A., Shigemoto, K., Harada, S.,
Ito, T., Masaki, T., Yamakido, M. (1995) Renal osteodystrophy in
hemodialysis patients. Hiroshima J. Med. Sci. 44, 83-88.



138

18.

19.

Gerakis, A., Hutchison, A. J., Apostolou, Th., Freemont, A. J.,
Billis, A. (1996) Biochemical markers for non-invasive diagnosis
of hyperparathyroid bone disease and adynamic bone in patients
on haemodialysis. Nephrol. Dial. Transplant. 77, 2430-2438.
Kelly, T. L., Crane, G., Baran, D. T. (1994) Single X-ray absorp-
tiometry of the forearm: precision, correlation, and reference
data. Calcif. Tissue. Int. 54, 212-218.

Acta Univ. Palacki. Olomuc., Fac. Med.

20. Ha, S. K., Park, C. H., Seo, J. K., Park, S. H., Kang, S. W,, Choi,

21.

K. H.,Lee, H. Y., Han, D. S. (1996) Studies on bone markers and
bone mineral density in patients with chronic renal failure. Yonsei
Med. J. 37, 350-356.

Forsman, R. W,, O’Brien, J. F. (1991) Quantifying bone and liver
alkaline phosphatase by resolution of two-component inactiva-
tion data obtained with a centrifugal analyser. Clin. Chem., 37,
347-350.



