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Abstract. Cardiac transplantation is associated with severglants and immunosuppressive treatment [2]. The purpos

bone loss caused by glucocorticoids, immunosuppressivef this study was to evaluate bone mass after cardiac tran:

treatment, and other factors. Treatment protocols for thglantation and the efficacy of three drugs (calcitonin, bis-

prevention of bone loss is being studied. Forty patients whghosphonates, and calcidiol) in the therapy for bone loss i

underwent cardiac transplantation were randomly given calpatients after cardiac transplantation.

citonin (h = 13; 100 Ul/d, nasal route), etidronate £ 14;

cyclical treatment 400 mg p.o./d/2 weeks/3 months), or cal-

cidiol (n = 13; 32,000 IU/weekly) therapy for at least 18 Subjects and Methods

months. Serum parameters (Ca, P, alkaline phosphatase, os- _ _ _

teocalcin, intact PTH), urinary calcium, and vertebral min-We have studied forty patients who underwent cardiac transplan

eral density (VMD; L2-L4, DXA Hologic QDR 1000) were 1005 O FRECier SRAIC DeRareeny et e o on.

rlnseasurehd |mfmr?d|ately ?tefore téeatment alnd aft.er 6'P12.' ar@gnt was required from all subjects. The patients were ambulator
3 months of therapy aiter cardiac transplantation. Patientg,g normal mobilization and diet, and were not taking any other

with cardiac transplantation had a VMD significantly lower grug known to interfere with calcium metabolism. Men did not

than age and sex-matched Spanish controls. Prevalence @thibit symptoms of hypogonadism, had testes of normal consis

osteoporosis (Z-score below -2 SD) was 30%. Osteocalcitency and size (>15 ml) without loss of libido, and therefore a

levels increased at 6, 12, and 18 months of treatment in theiochemical evaluation of this potential deficit was not performed.

three groups. After 18 months of treatment, VMD increased Before cardiac transplantation, thoracic and lumbar spine ra
iynifi : e 0 _ 10 _ o diographs, evaluated according to the criteria of Eastell et al. [3]
significantly in the calcidiol 4.9%, vs. ~1.19% and ~0.19% were obtained and were repeated at six month intervals during th

In the_ca_IC|ton|n and etidronate groups, res_pectlvely. ’:ﬁtudy for the diagnosis of vertebral fractures. A new vertebral
lower incidence of fracture was found in patients treatedracture was reported as an unequivocal fracture of a previous!
with calcidiol during the study. In summary, we have found normal vertebra. All patients were treated only after cardiac trans
in this open randomized study that calcidiol was the mosplantation with immunosuppression (cyclosporine A, azathioprine,
effective drug in the prevention and treatment of bone los€nd steroids). Metilprednisolone iv. 500 mg was administered dur

in patients after cardiac transp'antation. ing the operation, followed by 125 mg/8 hours during the follow-
ing three days.

. ; : Oral prednisone was administered subsequently at a dose of
Key words: Dual X-ray absorptiometry — Cardiac trans- mg/kg per day that was lowered to 0.2 mg/kg per day after six

plantation — Bone markers — VitamiD — Bone loss. weeks. Cyclosporine was scheduled up to 4 mg/kg the first
postransplantation day, according to the renal function, to maintair
serum levels of this drug between 150 and 250 ng/ml. Oral or iv.
azathioprine at a dose of 2 mg/kg was also administered.

Bone disease is an important complication in patients with, Serum and bone measurements were made immediately befo
cardiac transplant, which can modify long-term life quality the cardiac transplantation and at 6, 12, and 18 months of cardig

. : - ? transplantation and of treatment. Fasting serum samples were a
and morbidity. Several factors are involved in bone loss Ir‘says for routine biochemical parameters using an automated tecl

cardiac transplantation. Cardiac caquexia and a previougque (DAX 72). In addition, intact parathyroid hormone (iPTH,

low bone mass in relation to chronic diuretic therapy, re-RjA, Nichols Laboratory) and osteocalcin (RIA Henning Labora-

current diseases, inactivity, and inadequate calcium intakery) serum levels were measured.

have been implicated [1]. Immunosuppressive therapy in

triple drug protocols (glucocorticoids, azathioprine, and cy-

closporine) have increased patients’ lives, but their bonggne Mass Measurements

turnover effect is complex, with bone disease becoming a

hazard for these patients. On the other hand, there is limitedertebral bone (L2—-L4) mineral density (VMD) was measured by

experience with antiresorptive drugs in patients after transdual X-ray energy absorptiometry (DXA) using a Hologic QDR
1000/w densitometer. Only vertebras shown radiographically to b
intact were included in the bone density analysis. The coefficien
of variation for this technique was 0.3% in vitro and 1.3% in vivo.

— Results of VMD were expressed as grams of hydroxyapatite di:

Correspondence tdr. Hawkins vided by the projected area in square centimeters. The patient’
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Table 1. Clinical data of patients with cardiac transplantation studied

Calcitonin Na Etidronate  Calcidiol

(n = 13) (n = 14) (n = 13)
Age (years) 55.9+ 1.63 52.7+ 1.82 515+ 2.87
Sex (men/women) 13/0 14/0 11/2
BMI (Kg/m2) 25.38 + 0.53 25.58+ 0.70 24.25+ 0.70
Duration heart disease (months)  37.%555.44 40.12+ 4.39 38.52+ 5.17
VMD (g/cm2) 0.854+ 0.069 0.871+ 0.091 0.905+ 0.043
Z score -1.65+ 0.4 -1.47+ 027 -0.99 + 0.39
Z score at 6 months -1.8& 0.5 -1.65+ 042 -0.89 + 0.61 ns
Z score at 12 months -1.7%¢ 048 -157+ 0.6 -0.72+ 0.57ns
Z score at 18 months -1.74 053 -150+ 0.6¥ -0.55+ 0.43ns

(X £ SE); BMI = body mass index; VMD= vertebral mineral density before treatment
4P <0.001;°P<0.01;°P<0.05

Z-score was calculated as: (p—m)/SD<pmeasured patient value; cidiol) in serum alkaline phosphatase was found. Serun
m = mean value for sex- and age-matched controls;=SBtan-  gsteocalcin significantly increased at 6, 12, and 18 month
dard deviation of the mean value for sex- and age-matched conp patients without significant intergroup differences. Serum

trols). Age- and sex-matched Spanish healthy control groups fo e ; :
the bone studies included 1331 women and 1221 men [4]. Varia[DTH levels were within the normal range in patients

tion of VMD was calculated as follows: % variation VMD, —  throughout the 18 months of the study. , ,
VMD,/VMD1 x 100, where VMD, and VMD, are measurements ~__1he mean cumulative dosage of prednisone in patient
of the period studied and baseline, respectively. Clinical data fowith calcitonin (11,310 £ 1050 SE mg), etidronate (11,908
these patients are shown in Table 1. There were no significant 1336 mg), and calcidiol (11,473 + 978 mg) was not sig-
differences in age and body weight between studied groups. nificantly different among groups.
Basal VMD, expressed as Z-scores (Table 1), was -1.6
+ 0.41 SE in the calcitonin group, -1.47 = 0.27 in the
Therapy for Bone Loss etidronate group, and —0.99 + 0.39 in the calcidiol group,
, ) _ , which were significantly lower as compared with normal
Immediately after the cardiac transplantation, patients (38 malegag P < 0.001,P < 0.001, andP < 0.01, respectively)
and 2 premenopausal women) were randomly distributed in threg_c v pelow 2 SD of'age: and sex-matched controls. wa

different treated groups during 18 months. Group K 13, mean 3 . : :
age 55.9+ 6.5 SD years) received salmon calcitonin, 100 U/daily b ound before treatment in 12 patients (30%) with cardiac

nasal spray; group I = 14, mean age 52.7 + 7.2 years) received transplantation. There were no significant intergroup VMD
oral bisphosphonates (sodium etidronate) in intermittent cyclicdifferences. According to WHO criteria, 40% of the patients
programs of 400 mg daily during 14 days and repeating this treathad osteoporosisT(below 2.5, SD below the peak of our
ment after two and half months; group I1H & 13, mean age 51.5 normal population; 7 patients in the calcitonin group, 3 in
+10.7 years) received oral 25 hydroxycholecalciferol (calcifediol) the etidronate, and 6 in the calcidiol) and 57.5% had ostec
32,000 Ul/weekly. All groups receidel g daily of elemental penia [ between -1 and —2.5 SD; 6 patients in the calci-
calcium p.o. in tablets of calcium gluconate—lactate (2.94 g) angonin group, 11 in the etidronate, and 6 in the calcidiol).
calcium carbonate (0.3 g). Baseline mean VMD in group | (calci- After six months of therapy (Fig. 1), a variation of

tonin) was 0.854 + 0.177 SD, g/émin group Il (sodium etidro- . ; hoLed ; :
nate) 0.871 + 0.091, and in group Ill (calcidiol), 0.905 + 0.115 __4-20% and ~3.95% in calcitonin- and sodium etidronate;

g/cn? without significant intergroup differences (Table 1). treated patients was found, respectively. In patients witt
calcidiol treatment a significantP(< 0.001) increase of

0.96%, in relation to the other groups, was found.

After 12 and 18 months of treatment, VMD was only
significantly increased in patients who were treated with
The ana|ysis was performed using unpaired studantkst for Ca|CIdIO|. A tendency tOWard |QSS .bone |OSS.W8.S QbSQI’VGt
intergroup comparison and lineal regression analysis was used @fter twelve months in the calcitonin and sodium etidronate
assess the association between numeric variables. An analysis gfoups, but only significantly at the end of the study. After
variance for changes in VMD was performed, with time after 18 months, the amount of bone variation was —1.19% ir
cardiac transplantation as the independent variable.value of  calcitonin-treated patients vs. —0.19% in etidronate-treate
less than 0.05 was considered significant. patients and +4.92% in those with calcidiol. Other bio-

chemical data for the treated population at the end of the

study are summarized in Table 2a, b, and c. No difference
Results were observed between the studied groups. VMD did no

correlate with cumulative total doses of immunosuppressive
The studied serum biochemical parameters (calcium, phogirugs received, and routine biochemical parameters. No Sic
phorus, alkaline phosphatase, creatinine), osteocalcin, amdficant linear relationships between VMD and serum os-
24 hours of urinary calcium were within the normal range inteocalcin levels were found in our study. In addition, VMD
all patients before treatment in the three groups studiedvas relatedr( = 0.26,P < 0.05) to the patient’s age in our
(Tables 2a, b, and c). study, probably because of the severe bone loss and tt

After 18 months of treatment, a decreafe<0.01) in  number of patients included. Rejection frequency or sever
the calcitonin-treated group and a significaf® € 0.01) ity was not related to bone mass in the total for each group
increase in the other two groups (bisphosphonates and cabeven patients had vertebral crush fractures during th

Statistical Analysis
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Table 2a. Serum biochemical values in patients with calcitonin treatment
Normal
Baseline 6 Months 12 Months 18 Months range

Calcium (mg/dl) 9.4 +0.15 957+ 0.19 9.33+ 0.15 0.11 8.4-10.2
Alkaline

phosphatase

(UIL) 129 +5.16 103.22+ 6.5 10255+ 4.12 106.66+ 6.9% 30-115
Osteocalcin (ng/dl) 5.22+0.85 1297+ 1788 1424+ 1.7% 1486+ 1.52 45-6.5
PTH (pg/ml) 41.88+6.21 4487+ 511 43.77+ 5.94 4951+ 4.79 3-50
Creatinin (g/dl) 1.26 £ 0.09 156+ 0.B9 1.72+ 0.08 1.74+ 0.09 0.8-1.3
Steroids dosage

(mg) 9626.6 +1094.04 11085.2 +1061.82 11310.7 +1049.18
Cyclosporine

dosage (9) 8.13+ 1.9 15,65+ 1.82 21.6 3.2
Table 2b. Serum biochemical values in patients with sodium etidronate treatment

Baseline 6 Months 12 Months 18 Months

Calcium (mg/dl) 9.15+0.25 940+ 0.23 9.11+ 0.10 9.13+ 0.18
Alkaline

phosphatase

(Ul/L) 715 +5.30 117 + 4.3% 126 + 545 13411+ 4.27
Osteocalcin (ng/dl) 6.38+1.35 11.37+ 1230 2657+ 6.48 176 = 75
PTH (pg/dl) 58.56 + 8.13 60.42+ 566 51.93+ 5.03 5091+ 942
Creatinine (g/dl) 1.14+0.08 133+ 0.10 152+ 12 1.71+ 0.14
Steroids dosage

(mg) 10288 +1395.89 11474  +1260.97 11908 +1336.49
Cyclosporine

dosage (g) 827+ 16 15.88+ 2.06 21.78+ 2.8
Table 2c. Serum biochemical values in patients with calcidiol treatment

Baseline 6 Months 12 Months 18 Months

Calcium (mg/dl) 9.60+0.15 959+ 0.11 9.37+ 0.17 9.52+ 0.08
Alkaline

phosphatase

(UIL) 87.5 £8.11 113.11 + 5% 123 4.34 134 + 314
Osteocalcin (ng/dl) 6.45+1.12 1514+ 250 19.42+ 4.08 13.70+ 1.78
PTH (pg/ml) 41.88+6.21 4487+ 511 43.77+ 5.94 4951+ 4.79
Creatinine (g/dl) 1.15+0.07 157+ 099 166+ 0.09 1.79+ 0.09
Steroids dosage

(mg) 8437.25 +1021.03 10848.5 +1026.78 11473.5 +978.42
Cyclosporine

dosage (g) 824+ 1.2 1572+ 241 2253+ 1.98
(X £ SE)

2P < 0.001 (from baseline)
PP <0.01 (from baseline)

study: four belonged to the calcitonin- and three to the eti-adequate dietary calcium intake (1000 mg/daily) and by the
dronate-treated group. None in the calcidiol group had veruse of calcitonin, sodium etidronate, or calcidiol. A control

tebral fractures.

group ingesting calcium supplements alone was not chose

because, excluding severe osteoporosis, oral calcium in p
tients with adequate diets, as in our study, has been reporte

Discussion

to have minimal effects [9]. Patients were receiving chronic

steroid therapy, which reduces calcium absorption.

Bone disease is a major complication of cardiac transplan- In our study, calcidiol was the most effective in inhibit-

tation, which is a threat to the future quality of life for these ing bone resorption, the effect of which was observed by
patients [5]. Using DXA, a technique that measures smalbone measurements at six months. It is also possible that tt
changes in bone mass with great accuracy [6], we haveitamin D effect of increasing calcium intestinal absorption
found a prevalence of 40% for osteoporosisbglow 2.5  can contribute to this action. Although our patients were nof
SD) in our patients with cardiac transplantation, which iselderly and had normal sunlight exposure and nutritiona
similar to the percentage reported by others [7, 8]. We havstatus, a certain vitamin D deficiency cannot be discounte
tried to prevent bone loss in our patients by maintainingbecause we did not measure the serum level of this vitamir
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I_*:__[ Patients treated with calcidiol did not present vertebral
— fracture during the study. There were four new vertebra

6 fractures in the calcitonin and three in the bisphosphonate
groups, which appeared during the first year of treatment
4| 1 Therefore, vertebral fractures were present in 17.5% of th
patients, which is a frequency lower than that found in
2 patients with cardiac transplantation without antiresorptive
drugs (35%) [23]. No clear relationship between VMD and
0 vertebral fractures in our series was found, probably be
cause of the number of patients included as it require:

Il

% Bone variation

2 + Galctonin longer studies with an increased number of patients to cor
4 l Wm;ﬁgmm firm these findings.

I celeidel All serum parameters, excluding alkaline phosphatas
-6 | 6months 12 months 18 months and osteocalcin, were normal and were not different amon

: ; ; P the groups studied. The PTH increase, secondary to steroi
Fig. 1. Observed changes in vertebral mineral density in groups . ) . !
studied during the 18 months of antiresortive therapy. (X + SE) and diuretic therapy as described by others [24, 25], was nc

(*P < 0.05 and *P < 0.001 between groups compared.) found in our study. Although the immunosuppressor
therapy used to achieve fewer graft rejections has signifi

cantly increased life expectancy in these patients, the

Serum calcidiol levels are only slightly lower in subjects therapy can also contribute to bone loss and remodelin
who are more than 70 years old in our medium [10]. alterations. No predictive factor for osteoporosis was founc

Calcitonin and bisphosphonates were also able to prein our study (age, number of rejection episodes, biochemice
vent bone loss, to a lesser extent, in our study. It is welparameters including osteocalcin levels). Our findings of
known that the effect of these antiresorptive drugs is to slowersistently elevated serum osteocalcin levels during the 1
the rates of bone loss [11], but their efficacy in bone diseasenonths of treatment, agrees with other reports in cardia
after cardiac transplantation is still being studied. Salmor[26, 27], liver [28, 29], and renal [30] transplants. High
calcitonin has been shown to prevent high-turnover osteocesteocalcin serum levels found in our study could not be
porosis in rats treated with cyclosporin A [12] and it hasrelated to creatinine clearance because of the fact that if
been shown to reduce glucocorticoid-induced bone loss [13joncentrations rise when it is less than 20 ml/min [31],
and, therefore, salmon calcitonin has been suggested aswhich was not present in our patients. A regression analysi
first therapy approach to transplant patients. In our patientshowed that age and cyclosporin doses were the only var
this drug was less effective in preventing bone loss duringble that had influence in creatinine clearance reduction il
the 18 months of treatment, although in some patients theur patients. It is known that prednisone acts directly in
analgesic effects in bone pain of vertebral fracture weresuppressing osteoblast function and in reducing serum le\
reported [14]. The effect of calcitonin should probably beels of osteocalcin, with doses as low as 7.5 mg daily assc
reevaluated in these patients, using the 200 Ul/d of salmopiated with bone loss and with the most rapid demineral-
calcitonin nasal spray that has been recommended for thigation occurring during the first six months of treatment
prevention of early postmenopausal bone loss [15]. [32]. In patients with cardiac transplantation associated with

Preliminary data also suggest a role for bisphosphonatesther risk factors, this accelerated bone loss period has be
in osteoporosis posttransplantation. Etidronate has been deeported as being earlier; during the first six months [8, 33].
scribed as being capable of preventing bone loss in steroidBone loss induced by glucocorticoids affects trabeculau
treated postmenopausal women [16]. The addition of ergobone to a greater extent than cortical bone, therefore th
calciferol to cyclical etidronate has been reported to in-spine is the preferred site for measuring this damage [34]
crease bone density in 15 postmenopausal women treatety/closporine has been also been shown to induce a rap.
for variable periods of time and variable doses of prednitrabecular bone loss in rats [35], characterized by high turn
sone [17]. over [36]. It is possible that cyclosporine may partially

The reasons for using calcidiol and not calcitriol in our counteract the suppressive effect of glucocorticoids on th
study were its lower cost and that previous studies havesteoblast and increase bone formation, as described in r
shown improvement in metabolic and histologic parametersial transplant recipients treated only with this drug [37]. On
in glucocorticoid-induced osteopenia treated with this drughe other hand, the action of azathioprine upon bone ir
[18]. In addition, hypercalcemia and hypercalciuria arepatients with transplants also included in this protocol is
more frequent when using calcitriol [19]. Calcitriol, used unknown. Low osteocalcin levels and decreased osteobla
prophylactically with or without calcitonin, has been shown activity in rats, which were given only this drug, have been
to prevent lumbar bone loss in a group of 103 patients wittdescribed without short term bone loss [38].
rheumatic, immunologic, or respiratory diseases treated In conclusion, our study evaluates the efficacy of calci-
with a mean daily dose of 13.5 mg of prednisone [20].  tonin, sodium etidronate, and calcidiol combined with daily

One g of calcium and 1000 IU/daily of calcidiol have supplementsfol g of elemental calcium in the prevention
been described as effective in preventing bone loss in 26f bone loss in heart transplant patients on immunosuppre:
patients with cardiac transplantation followed for two yearssive therapy. In this open randomized study we have ob
[21]. Our result shows that the administration of calcidiol atserved that 32,000 IU per week of calcidiol was the bes
lower doses of 32,000 IU per week is of clear benefit indrug to control bone loss and increasing spinal bone mas
reducing bone mass loss in cardiac transplantation patientduring the 18-month treatment period.

Although sodium fluoride has been reported to produce

a significant and linear increase in lumbar bone mass thatcknowledgmentsThe authors gratefully acknowledge the sup-
can reach up to 7.8% per year, we feel that it should conport of the Spanish Science and Technology Commission (Ref
tinue to be considered as experimental, because a decreas®0010) and Drs. J. Pascual and M. B. Lopez-Alvarez for their

in cortical bone was also found [22]. statistical advice.
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