
Differential Effects of Endocrine Dysfunction on the

Axial and the Appendicular Skeleton

E. SEEMAN, H. W. WAHNER, K. P. OFFORD, R. KUMAR, W. J. JOHNSON, and
B. L. RIGGS, Endocrinology Research Unit, Division of Endocrinologyl
Metabolism and Internal Medicine, Section of Diagnostic Nuclear Medicine,
Department of Medical Statistics and Epidemiology, Division of Nephrology
and Internal Medicine, Mayo Clinic and Mayo Foundation, Rochester,
Minnesota 55905

A B S T R A C T In 100 patients with various types of
endocrine dysfunction, we measured bone mineral
density (BMD) at the midradius (>95% cortical bone)
and distal radius (75% cortical and 25% trabecular
bone) by single photon absorptiometry and at the lum-
bar spine (>66% trabecular bone) using the new tech-
nique of dual photon absorptiometry. BMD in each
endocrine disorder deviated in at least one site from
the sex-specific age regression of 187 normal subjects.
For patients with primary hyperparathyroidism, hy-
percortisolism, and hyperthyroidism this deviation was
negative (suggesting bone loss), whereas for patients
with secondary hyperparathyroidism due to chronic
renal failure, acromegaly, and postsurgical hypopara-
thyroidism it was positive (suggesting bone gain).
When all six states of endocrine dysfunction were com-
pared concomitantly by multivariate analysis of vari-
ance, the profile of the changes in BMD differed sig-
nificantly (P < 0.001), indicating a nonuniform response
of bone to the various hormonal alterations. When
values for BMD at each of the three scanning sites
were compared, the midradius and distal radius did
not differ significantly; either of the radius measure-
ments, however, differed significantly (P < 0.001)
from the lumbar spine. Thus, the BMD of the axial
skeleton cannot be reliably predicted from measure-
ments made in the appendicular skeleton. We con-
clude that the effects of endocrine dysfunction on bone
density are complex and are both disease and site spe-
cific.

INTRODUCTION

Parathyroid hormone, cortisol, thyroxine, and growth
hormone affect bone remodeling and, thereby, can
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alter skeletal mass. Alterations in bone mineral density
(BMD)' resulting from states of hormonal dysfunction
have previously been studied only in the appendicular
skeleton. In a few instances, total body calcium has
been measured by neutron-activation analysis; these
results, in general, have agreed with those of appen-
dicular measurements. Both appendicular and total
body calcium measurements, however, are relatively
insensitive to changes in trabecular bone, especially
when these changes occur in the axial skeleton. The
appendicular skeleton is composed predominantly of
cortical bone, whereas the axial skeleton contains large
amounts of trabecular bone (1). Moreover, because the
whole skeleton contains 85% cortical but only 15% tra-
becular bone (2), changes in trabecular bone would
have a relatively small effect on total body calcium
measurements. If changes in density of cortical and
trabecular bone and changes in circulating hormones
occurred pari passu in all regions of the skeleton, BMD
measurements of the appendicular skeleton would suf-
fice. There are several reasons for believing, however,
that BMD measurements of the axial skeleton will be
required to characterize definitively the skeletal ef-
fects of states of endocrine dysfunction. First, the
metabolic activity of the two bone types differs con-
siderably: cortical bone has a turnover rate of only 3%/
yr (3), whereas trabecular bone has a turnover rate of
up to 30%/yr (4). Second, autopsy studies have shown
good correlation for BMD among sites containing large
amounts of cortical bone but a poorer correlation be-
tween BMD of these sites and that of the vertebrae
(5). Third, in most metabolic bone diseases, fractures
occur almost exclusively at skeletal sites that contain
substantial amounts of trabecular bone.

These considerations led us to examine the possi-

I Abbreviations used in this paper: BMC, bone mineral
content; BMD, bone mineral density; iPTH, immunoreactive
parathyroid hormone.
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bility that states of hormonal dysfunction have differ-
ential effects on the appendicular and axial skeleton.
We tested this hypothesis by making concurrent mea-
surements of BMD in both regions of the skeleton in
patients with primary hyperparathyroidism, second-
ary hyperparathyroidism due to chronic renal failure,
hypercortisolism, hyperthyroidism, acromegaly, and
postsurgical hypoparathyroidism.

METHODS

Patients. We studied 100 patients with endocrine dys-
function. There were 29 patients (21 female and 8 male)
with primary hyperparathyroidism. In 26 of them, the di-
agnosis was confirmed by surgical removal of a parathyroid
adenoma; in the remaining 3, the diagnosis was based on
clinical and laboratory criteria, including hypercalcemia and
an elevated level of serum immunoreactive parathyroid hor-
mone (iPTH). 21 patients presented with asymptomatic hy-
percalcemia, and 8 presented with nephrolithiasis; none
presented because of bone disease. The mean serum calcium
concentration was 11.6 mg/dl (range, 10.3-14.4) (normal
range, 8.9-10.1). The mean serum iPTH level was 156 Aleq/
ml (range, 39-2,200) (normal range, <75) when antiserum
GP-235 was used. This antiserum has major immunologic
determinants for the carboxyl-terminal portion of the PTH
molecule. Five patients had elevated values for serum al-
kaline phosphatase. Three had vertebral compression frac-
tures. Fine-grain hand roentgenograms were obtained in 11
of the patients; none had subperiosteal bone resorption.
There were 14 patients (seven female and seven male)

with secondary hyperparathyroidism due to chronic renal
failure. The renal failure was caused by chronic glomeru-
lonephritis (seven patients), diabetes (four patients), anal-
gesic abuse (one patient), polycystic kidney disease (one pa-
tient), and unknown causes (one patient). 10 patients were
undergoing chronic hemodialysis. In these patients, the mean
serum iPTH level was 1,022 yleq/ml (range, 200-2,400).
Four patients with chronic renal failure were treated with
dietary protein restriction and phosphate binding gels with-
out hemodialysis. In these latter patients, the mean glomer-
ular filtration rate was 32 ml/min per 1.73 m2 (range, 17-
50) and the mean serum iPTH value was 145 1leq/ml (range,
130-160). 3 of the 14 patients received a preparation of
vitamin D. Three of seven patients who had fine-grain hand
roentgenograms had subperiosteal bone resorption. None
had vertebral compression fractures, and two had roentgen-
ographically apparent osteosclerosis.
There were 17 patients (11 female and 6 male) with

chronic hypercortisolism. The condition was endogenous in
seven patients (due to an adrenocorticotropic hormone-se-
creting pituitary tumor in six and to idiopathic bilateral ad-
renal hyperplasia in one). For this group, the mean value
for morning plasma cortisol was 34 ug/dl (range, 31-38)
(normal range, 7-28) and mean value for urinary free cor-
tisol was 685 /Ag/24 h (range, 146-1,032) (normal range, 24-
108). 10 patients had exogenous hypercortisolism due to oral
administration of prednisone (mean dose 30 mg/d, range,
5-80) for a mean of 2.3 yr (range, 1-3 yr). The reasons for
treatment were temporal arteritis (three patients), chronic
obstructive pulmonary disease (five patients), pemphigus
(one patient), and rheumatoid arthritis (one patient). 11 of
the 17 patients had vertebral compression fractures.

There were 13 patients (11 female and 2 male) with hy-

perthyroidism due to diffuse toxic goiter (Graves' disease).
The mean serum thyroxine level was 19.0 ug/dl (range, 11.6-
32.6) (normal range, 5.0-13.5). The estimated mean duration
of hyperthyroidism was 13 mo (range, 2-30).

There were seven patients (five female and two male) with
acromegaly. All had active disease by clinical and laboratory
criteria, and none had clinical or laboratory evidence of
other endocrine abnormalities. None had vertebral compres-
sion fractures. The mean basal value for serum growth hor-
mone was 102 ng/ml (range, 30-200) (normal range: men
<5, women <10).
20 patients (16 female and 4 male) had hypoparathyroid-

ism occurring as a complication of a surgical procedure for
localized thyroid carcinoma (15 patients) or nontoxic goiter
(5 patients), conditions not expected to affect BMD. We did
not include patients who became hypoparathyroid as a result
of operation for primary hyperparathyroidism or hyperthy-
roidism because these conditions might have caused accel-
erated bone loss. The median age of patients at the time of
study was 62 yr (range, 29-86) and 12 of them were post-
menopausal women. The median duration of hypoparathy-
roidism was 17 yr (range, 7-36). Hypoparathyroidism was
diagnosed on the basis of clinical features including pares-
thesias of the lips and fingers, positive Chvostek's sign, and
Trousseau's sign associated with hypocalcemia; these symp-
toms recurred if therapy was discontinued. All were receiv-
ing supplementary calcium (1-3 g/d), vitamin D (50,000 U/
d or its equivalent), and levothyroxine (150-250 4g/d). All
were euthyroid by standard clinical and laboratory crite-
ria. None of the hypoparathyroid patients had vertebral
compression fractures.

All patients were unselected except for meeting the di-
agnostic criteria defined above. Patients with primary hy-
perparathyroidism, secondary hyperparathyroidism due to
chronic renal failure, hypercortisolism, hyperthyroidism,
and acromegaly were recruited and studied during their
medical evaluation at the Mayo Clinic. Patients with post-
surgical hypoparathyroidism were residents of southern
Minnesota who had had medical consultation at the Mayo
Clinic within the preceding 5 yr. The patients were iden-
tified through the medical records and invited to participate
in the study.

Results for BMD in patients with endocrine dysfunction
were compared with previously published (6) normative data
from 187 normal subjects (105 women and 82 men; age
range, 20-89 yr). The percentile distribution for normals was
determined nonparametrically.
Bone densitometry. BMD was determined at the mid-

radius and at the distal radius, 2 cm above the styloid process,
by using single photon absorptiometry as described by Ca-
meron and Sorenson (7). In our laboratory, the technique
has a coefficient of variation of 3% for the midradius and
3-5% for the distal radius (8). Bone mineral content (BMC)
of the lumbar spine was determined by dual photon absorp-
tiometry, with use of our modification (6, 9) of the method
of Mazess et al. (10). Radiation transmission scanning of the
L1-L4 region of the lumbar spine was done by using two
separate photon energies (44 and 100 keV) from a 153Gd
source. The use of a dual energy source permits calculation
of BMC by elimination of the soft tissue contribution to ra-
diation transmission. BMD, expressed in grams per square
centimeter, was computed by dividing BMC by the projected
area of the spine. Edge-detection, point-by-point BMD mea-
surements, and data acquisition were computer-assisted. The
technique has a coefficient of variation of 2.3%.
The approximate composition of bone at the three scan-

ning sites is as follows (8, 11): midradius (>95% cortical
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TABLE I

Mean BMD for Each Scanning Site, Expressed as Positive or Negative Standard
Deviations from the Age- and Sex-specific Normal Mean

Group No. Lumbar spine Midradius Distal radius

Normal subjects 187 0.00 0.00 0.00
Primary hyperparathyroidism 29 -1.15* -0.45 -0.921
Secondary hyperparathyroidism

(chronic renal failure) 14 0.11 1.15§ 0.02
Hypercortisolism 17 -1.94° 0.29 -0.33
Hyperthyroidism 13 -0.82° -0.70 -0.67
Acromegaly 7 0.681 0.83 0.41
Postsurgical hypoparathyroidism 20 1.50" 0.70t 0.68§

*P. 0.001.

t P < 0.01.
§ P < 0.05.

bone), distal radius (75% cortical and 25% trabecular bone),
and lumbar spine (>66% trabecular bone).

Statistical methods. To investigate the changes of BMD
at each scanning site and at two or three sites concomitantly,
we used linear regression, two-sample univariate and mul-
tivariate t tests, and paired t tests. These comparisons were
made within and across states of endocrine dysfunction. All
P values reported were two-tailed.

In order to compare men and women of varying ages,
individual BMD values were expressed as standard deviation
from the predicted mean for normal subjects obtained from
regression equations that predicted the bone density as a
function of age. The SD corresponds to "standardized de-
partures from normal," "standardized deviations," or z-
scores. Separate regression equations were used for men and
for women. The BMD difference (observed minus predicted
mean) divided by Sy., (the estimate of the variability about
the fitted regression line) is the SD. By definition, the mean
SD from the sex-specific age regression for normal subjects

is zero. The methods described in the Statistical Analysis
System (12) were used to carry out all statistical computa-
tions.

RESULTS

Comparison of patients with endocrine dysfunc-
tion and normal subjects. Table I gives mean values
for SD at three scanning sites for each of the six states
of endocrine dysfunction. Individual values are dis-
played graphically in Fig. 1A and B. For patients with
primary hyperparathyroidism, the mean SD was neg-
ative at all three scanning sites and was significantly
less than zero at the distal radius and the lumbar spine.
For patients with secondary hyperparathyroidism, the
mean SD was positive at all three scanning sites but

TABLE II

Comparison of BMD Values among the Three Scanning Sites
for Each Endocrine Disorder'

Distal radius Midradius
Midradius minus
lumbarspinet

minus lumbar minus distal
Group spinet radiust

Primary hyperparathyroidism (+) 0.03 (+) NS (+) NS
Secondary hyperparathyroidism (+) 0.05 (+) NS (+) NS
Hypercortisolism (+) <0.001 (+) <0.001 (+) NS
Hyperthyroidism (+) NS (+) NS (+) NS
Acromegaly (+) NS (-) NS (+) NS
Postsurgical hypoparathyroidism (-) 0.001 (-) 0.002 (+) NS

e The variables of interest are the standard deviation from normal (observed - pre-
dicted/Sy.. in normals).
t Two-tail P value associated with the paired t test for significance of the mean difference
between the two scanning sites. The sign of the mean difference for the positive or
negative deviation (in SD) from normal is given in parentheses. Thus, a parenthetical
plus sign indicates that the algebraic differences of the first minus the second term for
a given column is positive.
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significantly so only for the midradius. For patients
with hypercortisolism, there was a striking disparity
between results obtained at appendicular and axial
scanning sites. The mean SD was slightly positive at
the midradius but slightly negative at the distal radius.
Neither value was significantly different from zero.
By contrast, the lumbar spine had a large and highly
significant negative value for the mean SD. In fact,
this was the largest mean deviation, positive or neg-
ative, seen among any of the six endocrine disorders.
In patients with hyperthyroidism, the mean SD was
negative at all three scanning sites but significantly so
only for the lumbar spine. For patients with acromeg-
aly, the mean SD was positive at all three scanning
sites but significantly so only at the lumbar spine. Fi-
nally, for patients with postsurgical hypoparathyroid-
ism, the mean SD was positive and significantly greater
than zero at all three scanning sites. For the lumbar
spine, all patients but one male had BMD values >50th
percentile, and half of them, including two octogen-
arian women, had values >95th percentile for age- and
sex-comparable normal persons.
When the three scanning sites were analyzed sep-

arately, each endocrine disorder had at least one site
at which mean SD was significantly different from
zero; this was the lumbar spine in five of the six en-
docrine disorders, the midradius in two of the six, and
the distal radius in two of the six.
Comparison of changes in BMD values among the

three measurement sites. Table II evaluates how well
the individual scanning sites agree with each other in
assessing deviations of BMD (in SD) from normal. The
midradius and distal radius agreed well and did not
differ significantly from each other. The midradius
and lumbar spine agreed poorly and differed signifi-
cantly from each other in four of the six endocrine
disorders. Agreement between the distal radius and
lumbar spine was intermediate; two of the six endo-
crine disorders had significant differences. Over all of
the six states, when all three scanning sites were an-
alyzed concomitantly by multivariate analysis of vari-

ance, the profile of changes in BMD differed signifi-
cantly (P < 0.001).

Global pattern of BMD changes among states of
endocrine dysfunction. We next assessed whether the
profile of BMD changes from normal for the three
measurement sites considered concomitantly was com-
parable among states of endocrine dysfunction. By
profile, we mean the relationship of these changes (in
SD) among the three sites. Comparability of profile
implies that the relationship of the changes in SD
among the three sites remains constant across the states
of endocrine dysfunction regardless of the level of the
SD or whether the deviation in SD is positive or neg-
ative. Differences in profile induced by various states
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FIGURE 1 individual values for bone mineral density, in six
types of endocrine dysfunction, given for lumbar spine (LS),
midradius (MR), and distal radius (DR) scanning sites for
males(d) and premenopausal(o) and postmenopausal (0)
females. Units are standard deviations from predicted mean
for normal subjects obtained from sex-specific regression
equations that predicted the bone density as a function of
age. A, Primary hyperparathyroidism, secondary hyper-
parathyroidism, and hypercortisolism. B, Hyperthyroidism,
acromegaly, and postsurgical hypoparathyroidism. The means
are indicated by the short horizontal lines.

of endocrine dysfunction, therefore, cannot be ex-

plained by quantitative differences in the level of bone
turnover among the different states, but rather imply
that different regions of the skeleton respond differ-
ently to the various hormonal alterations. Using mul-
tivariate analysis of variance, we found significant
differences among disease states (P < 0.001) in the
profile of the mean SD. Thus, changes in BMD at the
three measurement sites were not comparable, i.e.,
these did not occur in parallel across the six states of
endocrine dysfunction.
Comparison of states of endocrine dysfunction

with each other. Finally,, we assessed whether each
state of endocrine dysfunction could be separate from
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TABLE III
Multivariate Comparisons of Means among All Possible Pairs of the Six Disease States'

P valuesI

Secondary Postsurgical
hyperparathyroidism Hypercortisolism Hyperthyroidism Acromegaly hypoparathyroidism

Primary hyperparathyroidism 0.002 0.011 (NS) <0.001 <0.001
Secondary hyperparathyroidism - <0.001 0.022 (NS) 0.003
Hypercortisolism - - 0.022 <0.001 <0.001
Hyperthyroidism - - - 0.001 <0.001
Acromegaly - - - - <0.001

e The variables of interest are the standard deviation from normal (observed - predicted/Sy.x in normals) for BMD of the lumbar spine
and the midradius.
t Two-tail P value associated with multivariate two-sample t test for the significance of the difference between all possible pairs of the
six states of endocrine dysfunction. Significant differences between a given pair of disease states means that the profile of changes in
BMD among the three scanning sites did not change in parallel.

the others by considering simultaneously the mean
values of SD for the midradius (predominantly cortical
bone) and the lumbar spine (predominantly trabecular
bone). These results are given in Table III and Fig. 2.
Of the 15 pairs of comparisons, 12 were significantly
different and, therefore, were distinguishable from
each other. There was, however, considerable overlap
for individual values.

DISCUSSION

Although many investigators have measured BMD in
states of endocrine dysfunction, these measurements
have not included the predominantly trabecular bone
of the axial skeleton. In the present study, we com-
pared values for BMD of the lumbar spine obtained
using the new method of dual photon absorptiometry
to values for the mid- and distal radius obtained con-
comitantly using single photon absorptiometry. With
use of multivariate analysis of variance, we found sig-
nificant differences in the response of bone among the
scanning sites. This variability may explain some of
the divergent findings reported in the medical liter-
ature for studies in which BMD was measured in en-
docrine and metabolic diseases at different sites in the
skeleton.
The reasons for the differential response of appen-

dicular and axial regions of the skeleton to changes in
endocrine function presently are unclear. We believe,
however, that regional differences in the proportional
content of cortical and trabecular bone are part of the
explanation. The agreement in values for deviations
of BMD from normal in the various endocrine disor-
ders was best for the midradius and distal radius, was
intermediate for the distal radius and lumbar spine,

and was poorest for the midradius and lumbar spine.
This rank order parallels the rank order for their pro-
portional content of cortical and trabecular bone.

Previous measurements of BMD in primary hyper-
parathyroidism have been mainly restricted to appen-
dicular bone. Pak et al. (13) found significant decreases
in BMD of the distal radius in postmenopausal women
with primary hyperparathyroidism, and 22 of the 29
patients in the present study had BMD values <50th
percentile. Hahn et al. (14) and Parfitt et al. (15) also
reported that hyperparathyroid patients had larger
decreases in BMD in the distal portion than in the
diaphyseal portion of the radius. Dalen and Hjern (16),
using x-ray spectrophotometry to study hyperparathy-
roid patients, found that bones with a large trabecular
component had significant decreases, whereas sites
composed predominantly of cortical bone generally
did not show significant changes. Loss of metacarpal
cortical bone in hyperparathyroid patients has been
found by using radiogrammetry (17, 18). In the present
study, we found that BMD was substantially decreased
at the lumbar spine, moderately decreased at the distal
radius, and nonsignificantly decreased from the mid-
radius. Thus, available data suggest that PTH excess
has a greater effect in regions of predominantly tra-
becular bone. This is consistent with the clinical studies
of Dauphine et al. (19), who showed that hyperpara-
thyroidism increased the occurrence of vertebral frac-
tures, particularly in postmenopausal women.

In contrast to findings in primary hyperparathy-
roidism, BMD was not decreased in patients with sec-
ondary hyperparathyroidism complicating chronic
renal failure; indeed BMD at the midradius was sig-
nificantly elevated. Although spinal osteosclerosis is
rare in primary hyperparathyroidism (20), it occurs
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in up to 20% of patients with secondary hyperpara-
thyroidism resulting from renal failure (20, 21). Ap-
pendicular BMD values in secondary hyperparathy-
roidism have been found to be normal (21), increased
(22), or decreased (18). Thus, the presence of normal
or increased BMD despite marked elevations of serum
iPTH suggests the presence of factors in chronic renal
failure that oppose the catabolic effect of PTH excess.
The greatest disparity between values for BMD in

the axial and in the appendicular skeleton was found
in patients with hypercortisolism. All of them had axial
BMD values that were 550th percentile of normal,
and 8 of the 17 had values that were <5th percentile.
Hahn et al. (14) found that patients with exogenous
hypercortisolism had lost proportionally more bone
from the metaphysis than from the diaphysis of the
radius (and, thus, presumably had lost more trabecular
than cortical bone). Doyle (23) found minimal appen-
dicular bone loss in patients with hypercortisolism de-
spite vertebral fractures. These previously reported
observations and the results that we obtained by di-
rectly measuring appendicular and axial BMD suggest
that hypercortisolism causes severe and disproportion-
ate loss of trabecular bone.

Hyperthyroidism is a recognized cause of osteopo-
rosis and vertebral compression fractures (24). It is,
therefore, somewhat surprising that studies of BMD
in the appendicular skeleton have shown only marginal
decreases (25). Our data suggest that part of the ex-
planation for this discrepancy is that an excess of thy-
roid hormone causes greater bone loss from the axial
than from the appendicular skeleton.

Albright and Reifenstein (26) listed acromegaly as
a cause of osteoporosis, as have contributors in many
subsequent textbooks of medicine and endocrinology.
More recent studies assessing BMD of the appendicular
skeleton by photon absorptiometry (27) and total body
calcium by neutron-activation analyses (28), however,
have reported increased values. Nonetheless, the pos-
sibility remained that acromegaly increased cortical
bone but decreased trabecular bone. The small number
of patients with active acromegaly studied by us, how-
ever, had significant increases in BMD of the predom-
inantly trabecular bone of the lumbar spine. Thus,
osteopenia in acromegaly must be rare and, when it
occurs, most probably can be explained by the pres-
ence of concurrent hypogonadism or by other com-
plicating factors.

In patients with postsurgical hypoparathyroidism,
we found a greater increase of BMD in the axial than
in the appendicular skeleton. Investigators who have
made metacarpal cortical area measurements by ra-
diogrammetry have reported that bone mass was sim-
ilar to that of normal subjects (17), but was higher than
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FIGURE 2 Relationship between BMD of midradius (appen-
dicular cortical bone) and lumbar spine (axial, predomi-
nantly trabecular bone) for each of the six disease categories.
Ellipses represent 95% confidence limits for the means. Units
are standard deviations from predicted mean for normal
subjects obtained from sex-specific regression equations that
predicted the bone density as a function of age.

values obtained in patients with primary hyperpara-
thyroidism (18). We believe that the failure of these
studies to demonstrate unequivocally increased bone
mass in hypoparathyroidism was due to measuring
BMD only at appendicular sites composed mainly of
cortical bone. Our study also differs from theirs by our
exclusion of patients in whom hypoparathyroidism
developed as a result of a surgical procedure for hy-
perthyroidism or hyperparathyroidism, conditions that
may decrease BMD.
The hypoparathyroid patients in our study differed

from the normal control subjects in several ways: they
were deficient in PTH, they were presumably defi-
cient in calcitonin, and they were receiving treatment
with vitamin D, calcium, and thyroid hormone. We
believe, nonetheless, that the observed increase in
BMD was mainly, if not entirely, due to the effect of
PTH deficiency. Calcitonin deficiency, if it has any
effect on the skeleton, would be expected to increase
bone loss. Vitamin D therapy alone has been shown
to increase bone loss when administered to patients
with spinal osteoporosis, whereas calcium therapy
slowed the rate of bone loss but failed to increase bone
mass (29). Also, untreated hypothyroidism has been
found to be associated with increased appendicular
BMD in some (30,31), but not other studies (25). There
is evidence that patients treated with physiologic re-
placement doses of thyroid hormone do not have in-
creased bone mass (30). Only three of our patients were
hypothyroid at any stage of their medical supervision.
With the exception of one male patient, our patients

with hypoparathyroidism had higher BMD in the axial
skeleton at any age than the predicted mean for normal
control subjects. This was also true for those hypo-
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parathyroid subjects who were postmenopausal women,
including two octogenarians. This observation suggests
that PTH deficiency protects against age-related bone
loss. This protective effect could result from a per-
manent cessation or near cessation of bone loss, or it
could reflect an early gain of bone during the imme-
diate years after onset of hypoparathyroidism followed
by continued loss but from a higher level of BMD.
Because our study was cross-sectional, we could not
distinguish between these alternatives.

In conclusion, our data show that bone density of
the appendicular and axial skeleton changes differ-
entially in response to endocrine dysfunction and that
the induced alterations in BMD are both site and dis-
ease specific. These changes reflect regional differ-
ences in the profile of skeletal response rather than
merely differences in the level of bone turnover. Thus,
the mechanisms by which endocrine dysfunction af-
fects bone are complex and BMD measurements in the
appendicular skeleton do not reliably predict BMD
measurements of the lumbar spine. Definitive char-
acterization of BMD changes induced by an endocrine
or metabolic disorder, therefore, mandates assessment
of both the appendicular and the axial skeleton.
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