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ABSTRACT

OBJECTIVE: To evaluate the effects of subclinical hyperthyroidism of variable etiology on
bone mineral density (BMD) and bone metabolism in postmenopausal women. DESIGN: The
study included data of 88 postmenopausal women classified into four groups depending on the
etiology of subclinical hyperthyroidism: (1) 20 with toxic multinodular goiter without history of
clinical hyperthyroidism; (2) 25 on levothyroxine suppressive therapy after thyroidectomy due
to differentiated thyroid cancer; (3) 21 with Graves’ disease (GD) receiving antithyroid drugs;
(4) 22 healthy women matched for age and duration of menopause. In all subjects biochemi-
cal markers of bone turnover and BMD were determined. RESULTS: Biochemical markers
of bone turnover were significantly higher (p-value =0.001) in all patients with subclinical
hyperthyroidism compared to the control group (group 4). The women of group 1 had signifi-
cantly lower BMD at all regions of the skeleton, whereas the women of group 3 had significantly
lower BMD at Total Hip (p-value = 0.013) and Radius Total (p-value = 0.0003) compared to
group 4. No significant differences in BMD between groups 2 and 4 were detected. CONCLU-
SION: The etiology of subclinical hyperthyroidism influences BMD in postmenopausal women.
Endogenous subclinical hyperthyroidism might be considered as an additional risk factor for
osteoporosis in postmenopausal women, especially for cortical bone, whereas exogenous sub-
clinical hyperthyroidism has no effect on BMD.
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of thyroid disease and its effective treatment, severe
bone loss is rarely seen.! In recent years, with the
development of sensitive thyrotropin (TSH) assays,
it has been suggested that even subclinical hyperthy-
roidism may have effects on fracture risk.>* Extra-
thyroidal thyrotropin receptors (TSHR) have been
demonstrated in several tissues and cells, including
human and rat osteosarcoma cell lines and primary
cultures of human osteoblast-like (hOB) cells, though
Tsai et al concluded that TSH effects had no physi-
ological relevant effects on hOB cells.*®

Subclinical hyperthyroidism, defined as free tri-
iodothyronine (FT3) and free thyroxine (FT4) con-
centrations within the reference range and serum
TSH level below the reference range,” seems to be
an appropriate model to examine the direct effect of
TSH on bone in clinical practice. Several recent stud-
ies, designed with the aim of finding new risk factors
for osteoporosis, have shown that postmenopausal
women with low TSH level (the etiology of subclinical
hyperthyroidism was not specified) have lower bone
mineral density (BMD) and higher fracture risk com-
pared to women with normal TSH.'*!> Thus, a sec-
ondary analysis of data collected as part of the Frac-
ture Intervention Trial (FIT), which included 15,316
postmenopausal women, concluded that women
with TSH <0.1mlU/1 as well as TSH <0.5mlU/l had
significantly lower BMD at the femoral neck and in
total body as compared to women with normal TSH.
Furthermore, a cross-sectional, hospital-based sur-
vey, in which 959 healthy postmenopausal women
were enrolled, showed that women even with low
normal TSH levels (0.5-1.1mU/1) had significantly
lower BMD at the lumbar spine and femoral neck
than those with high normal TSH levels (2.8-5.0)."
Additionally, a cross-sectional study in Seoul, Korea,
which enrolled 413 postmenopausal women, found
that femoral neck BMD was significantly reduced
both in the subclinical hyperthyroid group and in
the subclinical hypothyroid group as compared with
the euthyroid group.!>? However, a prospective co-
hort study of 458 women over age 65 participating
in the multicenter Study of Osteoporotic Fractures,
found no consistent evidence that low TSH was as-
sociated with low BMD or accelerated bone loss in
older ambulatory women.'* According to a summary
of the evidence for the U.S. Preventive Services

Task Force and several other reviews, the issue as to
whether subclinical hyperthyroidism has a clinically
significant effect on BMD and fracture risk remains
controversial.'*'®

The aim of the present study was to determine
BMD and bone metabolism in postmenopausal
women with subclinical hyperthyroidism of various
etiology.

SUBJECTS AND METHODOLOGY

Eighty-eight postmenopausal women (at least
5 years after menopause) were classified into four
groups: (1) 20 women with toxic multinodular goiter
(TMG) without history of clinical hyperthyroidism;
(2) 25 women on Levothyroxine (LT4) suppressive
therapy 125 (125-150) pg/day (Median (Me) Lower-
upper quartiles (Q25-Q75)) during a mean period of
3 (1.5-6) years post thyroidectomy for differentiated
thyroid cancer; (3) 21 women with Graves’ disease
(GD) and overt hyperthyroidism in the anamnesis,
receiving antithyroid agents during a mean period
of 3 (2-7) years, having normal FT3 and FT4 levels
for at least 6 months prior to the study as well as sus-
tained serum TSH suppression long after antithyroid
treatment; and (4) 22 healthy women without thyroid
dysfunction at present or by history and matched
for age and duration of menopause (controls). All
women were studied as outpatients during a one-year
period. The presence of low TSH and normal FT3,
FT4 levels was established by two measurements.

All participants were interviewed and examined
during the baseline visit. At that visit demographic
and somatometric data as well as detailed data about
physician-diagnosed medical conditions and past and
current medication use were collected. All women
were also asked about the presence of risk factors for
osteoporosis such as prior fragility fractures, family
history of osteoporosis, high caffeine intake, low
calcium intake, smoking, physical activity in youth
and at present, the number of full-term pregnancies
and the duration of breast feeding. Biochemical pa-
rameters: calcium (Ca), phosphorous (P), creatinine
(Cr), alkaline phosphatase (ALP), cholesterol, low
density lipoprotein (LDL), high density lipoprotein
(HDL), triglycerides (TG), cholesterol/HDL ratio in
fasting serum as well as calcium/creatinine ratio in
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fasting urine specimen (U-Ca/U-Cre) were measured
using standard laboratory methods on the biochemi-
cal analyzer Hitachi 912. FT3, FT4 and TSH were
measured using commercially available kits (Vitros
Eci, Ortho-Clinical Diagnostics Amersham, UK).
TSH-receptor antibodies were detected with the h-
TBII assay (“TRAK-Human DYNO-test” (BRAMS
AG, Germany) in groups 1 and 3 so as to differenti-
ate GD and TMG. Biochemical markers of bone
metabolism: serum osteocalcin (OC) and C-terminal
telopeptide of type I collagen (B-CTx) as well as
parathyroid hormone (PTH) levels were measured
using the electrochemiluminescence immunoas-
say “ECLIA” on the Roche Elecsys 1010/2010 and
Modular Analytics E170.

BMD was measured by dual energy X-ray absorp-
tiometry (DXA) (Prodigy, Lunar) at the lumbar spine
(Li-L4), femoral neck, total hip and radius total.

Statistical analysis: STATISTICA 6.0 Stat Soft
was used in the analysis. The data with normal dis-
tributions are expressed as means with 95% confi-
dence limits of means, otherwise as medians with
interquartile ranges. The level of significance was set
at 5%. Comparisons of the variables among differ-
ent groups were made with one-way ANOVA, and
the multiple comparison tests were performed with
post-hoc analyses (the Fisher LSD test) for data with
normal distribution, otherwise with the Kruscal-Wal-
lis ANOVA test, and the Mann-Whitney U-test with
the Bonferroni correction. The Spearman test was
used for the correlation analysis.

RESULTS

Table 1. General characteristics of the participants at baseline

There were no differences in the age, menopause
duration, height, weight and body mass index (BMI)
as well as prior fragility fracture, family history of os-
teoporosis, high caffeine intake, low calcium intake,
smoking, physical activity in youth and at present, the
number of full-term pregnancies and the duration
of breast feeding among the four groups of studied
women. The characteristics of the participants at
baseline are presented in Table 1. The FT3 and FT4
levels were within the reference range. There were
no differences in FT3 (p-value=0.267) and PTH
(p-value=0.258) levels among the groups. However,
FT4 levels were significantly higher in group 2 versus
group 4 (p-value <0.001), while FT4 levels in groups
1 and 3 were not different and were comparable to
group 4 (p-value=0.718 and 0.420, respectively). No
differences in TSH values were found among groups
1, 2 and 3 (p-value=0.614). TSH levels in groups 1,
2 and 3 were significantly lower than those in group
4 (Table 2).

Among the four groups, there were no differences
in biochemical parameters except for ALP levels,
which were significantly higher (p-value=0.019) in
patients with GD compared to the control group
(Table 2).

Biochemical markers of bone turnover were sig-
nificantly higher in all three groups of patients with
subclinical hyperthyroidism compared to group 4
(Table 2). OC level was 56.3% higher in group 1
(p-value <0.001), 28% higher in group 2 (p-value=
0.005) and 50.2% higher in group 3 (p-value <0.001)
compared to the control group. CTx level was 84 %

Groups of patients

1 2 3 4
Variables Me (Q25-Q75) Me (Q25-Q75) Me (Q25-Q75) Me (Q25-Q75) p-value
Number of subjects 20 25 21 22
Age (years) 65.5 (61-69) 61 (57-65) 66 (58-72) 63 (58-69) 0.158
Menopause duration (years) 18 (15-20) 14 (10-18) 16 (10-23) 13 (8-20) 0.390
Height (m) 1.56 (1.52-1.61) 1.6 (1.57-1.64) 1.6 (1.55-1.62) 1.59 (1.56-1.59) 0.209
Weight (kg) 69.9 (60.2-77.9) 73 (67-80.8) 73 (64-78) 74.2 (68.4-79) 0.434
BMI (kg/m?) 27.7(25.4-30.7)  30.4(26.6-31.4)  27.8(26.8-30.7)  29.8 (26.7-31.2) 0.628

Me: median. Q25-Q75: lower — upper quartiles; BMI: body mass index
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Table 2. Laboratory parameters.

Groups of patients

Parameter 1 2 3 4

(reference range) Me (Q25-Q75) Me (Q25-Q75) Me (Q25-Q75) Me (Q25-Q75) p-value
TSH (0.25-3.5mU/I) 0.198 (0.021-0.242) 0.06 (0.015-0.192) 0.084 (0.014-0.25) 1.862 (0.941-2.22)  <0.001
FT4 (9.0-20.0pmol/1) 144 (12.7-16.7)  17.97 (16.45-19.67) 14.68 (12.55-16.27) 14.4 (12.7-15.26)  <0.001*
FT3 (4.26-8.1pmol/l) 5.9 (5.43-7) 5.84 (5.56-6.4) 6.8 (5.58-7.69) 5.8(5.52-6.2) 0.267
PTH (15-65pg/ml) 41.5 (34.4-63.6) 45.6 (40.8-50.9) 49.1 (37.2-60.4) 40.7 (28.5-48.8) 0.258
Calcium (2.15-2.55mmol/l) 24(2.3-25) 2.4(2.3-25) 24(23-24) 24 (24-25) 0.299
Phosphorous (0.87-1.45mmol/l) 1.12 (1.05-1.21) 1.07 (0.95-1.2) 1.11 (1.05-1.22) 1.17 (1.12-1.28) 0.203
Alkaline phosphatase (0-270IU/1) 213 (187-262) 205 (180-232) 235 (221-301) 220.5 (197-230) 0.019**
Creatinine (62-106umol/l) 68.5 (62.5-74.5) 69 (56-73) 62 (55-73) 66.5 (62-72) 0.649
Total cholesterol (3.3-5.2mmol/l) 6.15 (5.5-6.5) 6.2 (5.3-6.9) 5.8 (5.1-1.3) 6.65 (6.0-7.1) 0.249
Triglycerides (0.1-2.2mmol/l) 1.35(0.8-1.9) 1.4 (1.0-1.8) 1.0 (0.7-1.6) 1.65 (1.0-2.3) 0.127
LDL (0-3.37mmol/l) 3.80 (3.31-4.05) 3.80 (3.2-4.4) 3.80 (3.1-4.9) 4.02 (3.54-4.83) 0.604
HDL (0.9-2.6mmol/l) 1.61 (1.34-1.93) 1.61 (1.28-1.77) 1.77 (1.5-2.08) 1.58 (1.33-1.71) 0.296
Cholesterol/HDL (lower 4.5) 3.87 (3.48-4.94) 3.83(3.47-4.52) 3.47 (3.03-3.89) 4.20 (3.55-5.26) 0.082
U-Ca/U-Cre (0.10-0.80mmol/umol/l)  0.44 (0.27-0.68) 0.39 (0.28-0.65) 0.36 (0.19-0.55) 0.49 (0.24-0.73) 0.650
Osteocalcin (11-43nmol/l) 37.35(28.4-52.95)  30.6(23.2-37.5)  35.9(27.35-42.3)  23.9 (15.9-30.7) 0.001
B-CTx (0.01-0.6nmol/1) 0.635 (0.355-0.735)  0.47 (0.36-0.61)  0.64 (0.425-0.86)  0.345 (0.22-0.52) 0.001

*FT4 values were significantly higher only in group 2 versus group 4 (p-value<0.001), while they were not different in groups 1 and
3 as compared to group 4 (p-value=0.718 and p-value=0.420, respectively), **Alkaline phosphatase values were significantly higher
(p-value =0.019) only in patients with Graves’ disease versus the control group

Me: median; Q25-Q75: lower — upper quartiles; LDL: low density lipoproteins; HDL: high density lipoproteins

ited a significant negative correlation with OC (r=
-0.38; p-value <0.001) and B-CTx (r=-0.36; p-value
<0.001) levels (Figure 1). A significant positive cor-
relation was detected between FT3 values and OC

higher (p-value=0.002) in group 1, 36.2% higher (p-
value=0,050) in group 2 and 85.5% higher (p-value
<0.001) in group 3 compared to the control group.

For all patients enrolled in this study TSH exhib-
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Figure 1. Negative correlations of serum TSH with Oscteocalcin and CTx levels for all patients enrolled in the study; Osteocalcin
r(Spearmen)=-0.38; p-value <0.001, C-terminal telopeptide of type I collagen (CTx) r(Spearmen)=-0.36; p-value<0.001.
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Figure 2. Positive correlations of serum FT3 with Osteocalcin and CTx values for all patients enrolled in the study. Osteocalcin
r(Spearmen) = 0.28; p-value=0.007, C-terminal telopeptide of type I collagen (CTx) r(Spearmen)=0.24; p-value=0.023.

(r=0.28; p-value=0.007) and B-CTx (r=0.24; p-
value=0.023) values (Figure 2) as well as between
PTH and OC (r=0.28; p-value=0.009) and B-CTx
(r=0.23; p-value=0.034) values.

BMD values differed significantly at all parts of
the skeleton among the four groups. Spine BMD
(Li-Ly) was 7.6% lower (p-value= 0.044) (Figure 3)
and Neck BMD was 8.6% lower (p-value=0.034) in

BMD L, -Ls glcm?

0,85

1 2 3 4
Groups of patients

Figure 3. Comparative analysis of L;-Ly BMD. The one-way
ANOVA test did not show significant differences among
the four groups (p-value=0.053). However, Post-hoc analy-
sis showed that *Spine BMD (L;-L;) was 7.6% lower (p-val-
ue=0.044) in group 1 compared to the control group. Spine
BMD (Post-hoc analysis) was significantly lower in group 1 (p-
value=0.023) and group 3 (p-value=0.033) compared to group
2. No significant differences were detected between groups 1
and 3, and between groups 2 and 4.

group 1 versus the control group (Figure 4). Total
Hip BMD was 10.8% lower (p-value=0.01) in group
1 and 10.3% lower (p-value=0.013) in group 3 versus
group 4 (Figure 4). Radius Total BMD was 11.1%
lower (p-value= 0.006) in group 1 and 17.3% lower
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Figure 4. Comparative analysis of Neck and Total Hip BMD.
Significant differences among the four groups (one-way ANO-
VA) both at Neck (p-value=0.028) and at Total Hip (p-val-
ue=0.006) were detected. Neck BMD was 8.6% lower (p-value
=0.034) in group 1, and Total Hip BMD was 10.8% lower (p-
value=0.017) in group 1 and 10.3% lower (p=0.013) group 3
versus group 4. It was also found (Post-hoc analysis) that Neck
BMD was significantly lower in group 1 (p-value=0.005) and
group 3 (p-value=0.042) versus group 2. BMD at Total Hip was
also significantly lower in group 1 (p-value=0.006) and group
3 (p-value=0.008) in comparison with group 2. There were
no significant differences in BMD among groups 1 and 3, and
groups 2 and 4.
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Figure 5. Comparative analysis of Radius Total BMD. Signifi-
cant differences among the four groups (one-way ANOVA) (p-
value=0.001) were detected. *Radius Total BMD was 11.1%
lower (p-value=0.006) in group 1 and 17.3% lower (p-value=
<0.001) in group 3 compared to the control group. Post-hoc
analysis showed that BMD at Radius Total was lower in group
1 (p-value <0.001) as well as in group 3 (p-value=<0.001) ver-
sus group 2. Groups 1 and 3 did not significantly differ, nor did
groups 2 and 4.

(p-value <0.001) in group 3 compared to the control
group (Figure 5). The Post-hoc analysis also showed
that BMD was significantly lower in group 1 (at L;-
L, (p-value=0.023); at Neck (p-value=0.005); at
Total Hip (p-value=0.006); at Radius Total (p-value
<0.001)) as well as in group 3 (at L;-Ls (p-value=
0.033); at Neck (p-value=0.042); at Total Hip (p-
value=0.008); at Radius Total (p-value <0.001)
versus group 2 (Figures 3, 4, 5). There were no sig-
nificant differences in BMD between groups 1 and
3 nor between groups 2 and 4.

DISCUSSION

Overt hyperthyroidism is associated with in-
creased bone resorption, low bone mineral density
and increased number of fractures in postmeno-
pausal women.!”'® Whether endogenous or exog-
enous subclinical hyperthyroidism decreases BMD or
increases fracture rate remains controversial.'#!61°2
Studies examining the effects of exogenous sub-
clinical hyperthyroidism on bone density have been
inconsistent. The results of two meta-analyses (1994
and 1996) showed significant bone loss in postmeno-
pausal women on L T4 suppressive therapy versus the
control group.?* However, two recent systematic re-
views of the literature showed that BMD changes in

postmenopausal women on LT4 suppressive therapy
remain unclear and require further evaluation.!*?

Results of bone density studies in subjects with
endogenous subclinical hyperthyroidism are scarce.
One case-control study showed a significant increase
in bone turnover markers and a decrease in bone
mass in postmenopausal women with endogenous
subclinical hyperthyroidism due to TMG,* whereas
such an outcome was only suggestive in another
paper which included both postmenopausal and
premenopausal women.*

Two recent studies examined bone turnover®
and BMD? in premenopausal women affected by
GD and who had subclinical hyperthyroidism at the
time of evaluation. The markers of bone metabo-
lism were significantly higher in the group with sup-
pressed TSH compared with the group with normal
TSH,> whereas no differences in BMD were detected
among patients with subclinical hyperthyroidism and
the control group.?

Bone turnover and BMD were determined in
49 male patients with treated thyroid cancer on
LT4 suppressive therapy (17 patients) and in newly
diagnosed GD (32 patients).”” Bone markers were
significantly higher in patients with GD, whereas no
significant differences in BMD were found among
the groups.”

The primary aim of the present study was to
compare the bone metabolism and BMD in post-
menopausal women in relation to the etiology of sub-
clinical hyperthyroidism. The implemented design
targeted the differences not only between subjects
with subclinical hyperthyroidism and the control
group, but also among the groups of patients with
both exogenous and autoimmune and non autoim-
mune endogenous subclinical hyperthyroidism.

The markers of bone metabolism levels were
significantly higher in all patients with subclinical
hyperthyroidism versus healthy postmenopausal
women. Significant correlations of markers of bone
turnover with TSH, FT3, and PTH, but not FT4,
levels were also detected.

Positive correlations of PTH and FT3 levels
(which were within the reference range for all en-
rolled women) with markers of bone metabolism
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reflected their normal physiological influence on
bone.?®3? At physiological levels, T4 is inactive be-
cause it possesses 100-fold lower affinity than T3
for binding to the thyroid hormone receptor (TR).*!
It was thus expected that no correlation of FT4 with
markers of bone metabolism was found.

The negative correlation of TSH and the mark-
ers of bone turnover might be considered as indirect
evidence of an influence of TSH on bone along
with FT3. Recently published data demonstrated a
critical role for TSH in skeletal remodeling, which
is independent of its effects on circulating thyroid
hormones.*’” Using mice in which the TSHR gene
had been knockout, Abe et al found that BMD, in
the presence of normal levels of thyroid hormone,
depends on an intact response to TSH.* According
to these findings, TSH might be defined as a nega-
tive regulator of skeletal remodeling, which exerts
influence through its receptor on both osteoblast
and osteoclast precursors.*”** Besides, a recent study
in elderly humans enrolled in the Rotterdam Study
showed that the TSHR ASP727GLU allele, which
results in an increased cAMP response of the recep-
tor to TSH, is associated with higher BMD and bone
mineral content (BMC).**

These results possibly offer an explanation for the
increase in the markers of bone metabolism levels in
patients with low TSH.

However, in our study only women with endog-
enous subclinical hyperthyroidism had significantly
lower BMD versus the control group, whereas there
were no significant differences in BMD between
patients with exogenous subclinical hyperthyroidism
and the control group. Therefore, it is likely that not
only low TSH level but also the etiology of subclinical
hyperthyroidism affect BMD.

It is evident, however, that the women with GD
had high thyroid hormone values for a certain period
in the past, whereas the patients from groups 1 and
2 did not report overt hyperthyroidism at any time.
One may expect that this period of hyperthyroidism
in the GD group might have adversely affected bone
remodeling. Reconstruction of the bone remodel-
ing sequence in uncontrolled hyperthyroid patients
indicates a net loss of about 10-15% of mineralized
bone per bone remodeling cycle.* Completion of a

full remodeling cycle normally lasts about 6 months.*
Usually, about 90% of “bone remodeling units”
on bone surfaces is dormant, whereas the rate of
turnover of the whole skeleton is about 10% per
year.* Consequently, thyroid hormone levels need
to remain high for an average of 12 months to cause
significant bone loss (2% per year). Therefore, se-
vere bone loss due to overt hyperthyroidism is now
uncommonly seen. Patients included in group 3 had
normal FT3 and FT4 levels and were under the ob-
servation of endocrinologists for a mean period of 3
years (2-7 years) prior to entering the study. Thus,
we considered them as patients with endogenous
autoimmune subclinical hyperthyroidism.

Indeed, women with endogenous subclinical hy-
perthyroidism (groups 1 and 3) had a similar de-
crease in BMD, predominantly in distal and proximal
cortical bone, though group 1 did not have a history
of overt hyperthyroidism in the past. Women with
exogenous subclinical hyperthyroidism did not dif-
fer from the control group. To explain this finding,
other TSH effects should be considered. It has been
found that TSH exerts influence not only on the bone
precursors but on the mature bone cells as well. In
a recent study, iodothyronine deiodinase activity,
which is essential for conversion of FT4 to FT3 and
is regulated by a TSH receptor-cAMP mediated
mechanism,*” was detected in human osteoblast-like
osteosarcoma (Sa0S-2) cells as well as in normal hu-
man osteoblast (NHOst) cells.® All the characteristics
of the deiodinating activity were compatible with
Type 2 iodothyronine deiodinase (D2).° D2 activity
was stimulated by TSH in both cells’ cultures.® Hence,
this study suggested that TSH receptors in bone cells
are responsible for the local T3 production by D2.
The daily secretion of the normal thyroid gland is
about 100 nmol of T4, 5 nmol of T3 and less than
5 nmol of reverse T3.%2 Most of the plasma pool of
T3 is derived from peripheral metabolism of T4.3!
Thus, the low TSH level may lead to the decrease of
local T3 production in all patients with subclinical
hyperthyroidism, but relatively higher T3 produc-
tion might be expected in patients with endogenous
subclinical hyperthyroidism, which is not observed in
patients after total thyroidectomy. Therefore, in spite
of significantly higher FT4 level in patients with exog-
enous subclinical hyperthyroidism, no differences in
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BMD were found compared with the control group.
However, it is necessary to emphasize that FT3 levels
were in the reference range and were not significantly
different among the various groups of patients.

Due to lack of clinical symptoms, it is impossible
to justify the exact duration of TSH suppression in
group 1.

In conclusion, the etiology of subclinical hyper-
thyroidism possibly affects BMD in postmenopausal
women. Postmenopausal women with endogenous
subclinical hyperthyroidism have significantly lower
BMD, mainly at the distal and proximal cortical
bone, versus healthy postmenopausal women. There-
fore, endogenous subclinical hyperthyroidism (both
of autoimmune and non autoimmune etiology) might
be considered as an additional risk factor for oseopo-
rosis in postmenopausal women. On the other hand,
exogenous subclinical hyperthyroidism has no effect
on BMD. Postmenopausal women with subclinical
hyperthyroidism have a higher bone turnover rate
in comparison with the control group, though they
do not differ in biochemical parameters of calcium
and phosphorous metabolism.
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