


parathyroid glands, causing eleva-
tions in serum PTH and the resul-
tant increases in intestinal calcium
absorption and renal phosphate
clearance. Intestinal absorption of
calcium probably is also enhanced
by the increased levels of serum
1,25-dihydroxyvitamin D in hypo-
thyroidism.?! The mechanism for
this may be the converse of that pos-
tulated for the hyperthyroid state:
Increased PTH may stimulate renal
1-hydroxylase, thus converting 25-
hydroxyvitamin D to 1,25-dihy-
droxyvitamin D. Levels of 25-hy-
droxyvitamin D are lower than nor-
mal in hypothyroidism, and the in-
crease that is observed following
thyroxine therapy has led to specu-
lation that thyroxine may directly
influence 25-hydroxyvitamin D
synthesis.*

Radiologic manifestations.
Bones with increased cortical thick-
ness and density have been de-
scribed in some patients with severe
myxedema, presumably due to
greater rates of bone formation than
of bone resorption.

Urinary hydroxyproline. Hy-
droxyproline excretion is reduced in
both hypothyroid animals and hu-
man subjects, and can be readily
shown to increase after institution of
levothyroxine therapy.?!

Effects of Thyroxine
Replacement in Hypothyroidism

Awareness of the association be-
tween hyperthyroidism and
osteopenia has heightened concern
that overzealous replacement
therapy with thyroid hormone might
have similar consequences. In 151
women taking thyroid hormone,
Ettinger®® examined the relative
contribution of age, body weight,
smoking and menopausal status to
the development of osteopenia as
assessed by measurement of
metacarpal cortical bone thickness.
The results suggested that women
taking 3 or more grains of desiccated
thyroid were at significantly greater
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Figure 4. Bone and calcium metabolism in hypothyroidism.

risk for osteopenia. In 1983, Fallon
et al*® reported the cases of three
women taking 4 grains, 5 grains and
400 pg of levothyroxine, respective-
ly, who presented with diffuse
skeletal demineralization and frac-
tures. Histomorphometric analysis
of their iliac crest biopsies revealed
findings totally consistent with
those found in endogenous hyper-
thyroidism as described above.
These findings included increased
numbers of ostecclasts and osteo-
blasts, suggesting increased bone
resorption and new bone formation,
with changes in cortical bone
paraileling those in trabecular bone.
Two of the three patients were
thought to have a degree of active
osteoclastoid cortical remodeling
clearly in excess of that which would
have been seen in postmenopausal
(remodeling) ostecporosis.

Similar histomorphometric analy-
ses were performed in a recent pre-
spective study by Coindre and co-
workers.* They examined trabecu-
lar resorptive surface, cortical bone
porosity and thickness, and general
remodeling activity in different
groups of hypothyroid patients be-

fore replacement therapy and after 1
to 6 months of treatment. The pa-
tients were treated with com-
bination T,/T, (liothyronine, 20 ug,
and levothyroxine, 100 pug), a dose
that reportedly produced neither
clinical nor chemical evidence of ex-
cessive dosage. After 1 month of
therapy, treated patients had signifi-
cantly greater resorptive surface and
osteoid seam thickness than euthy-
roid controls. Although their cortical
bone was significantly thicker than
in controls, the hypothyroid patients
had increased cortical porosity. The
differences in cortical thickness be-
tween patients and controls were no
longer apparent after 6 months of
therapy, and there were also further
significant reductions in trabecular
bone volume and increases in total
resorptive surface, osteoid surface
and cortical porosity. These data
imply that bone mass is actually in-
creased in untreated hypothyroid
patients, and that we may iatrogeni-
cally reverse this process by pre-
scribing thyroid hormones, which
act to accelerate bone loss.

In an editorial accompanying the
article by Coindre et al, Perry?’
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speculated that the mechanism un-
derlying this phenomenon might be
the restoration by thyroid hormone
of bone responsivity to parathyroid
hormone; he noted that PTH levels
are high in myxedema but that bone
is refractory to PTH in the absence
of thyroid hormone. He recom-
mended adjunctive therapy with cal-
cium and vitamin D at the time of
thyroxine replacement, to lower se-
rum PTH and to inhibit the possible
accelerated loss of bone.

The results of Coindre et al can be
criticized because the study covered
three different patient groups, be-
cause all groups included older pa-
tients (mean ages of approximately
60 years), in whom postmenopausal
osteopenic changes may have con-
founded the results, and because the
control data were largely from post-
mortem specimens or historical con-
trols. Nevertheless, the results and
their implications were very
provocative and promptly spurred
other investigators to examine the
same issues.

The first report to appear was
from Ross and colleagues,*® who
compared bone mineral density in
28 premenopausal women who had
been taking levothyroxine for 5 or
more years to that in a group of age-
matched control women. TSH was

measured by a highly sensitive
immunoradiometric technique,
both in the basal state and after
TRH administratioen. In the pa-
tients taking thyroxine, average
values for total serum T, free T,
index and serum total triiodothy-
ronine concentration were ele-
vated, basal TSH was undetect-
able (<G.08 nU/ml) and the TRH
response was absent or blunted.
Women who had been taking thy-
roxine for 10 or more years had a
9% reduction in their bone min-
eral density in comparison to the
control women. Since most of
their patients were probably on
suppressive rather than replace-
ment dosages, Ross et al specu-
lated that nuclear T, receptor
occupancy may have been ele-
vated in the bone of these pa-
tients, and that this led to in-
creased cortical porosity, as is
seen in hyperthyroidism. They
conceded that the major morbidity
of osteopenia occurs in trabecular
(spine) bone, whereas their meas-
urements of bone mineral density
were performed by single-photon
absorptiometry at the wrist, an in-
dex of cortical bone density. Fi-
nally, they acknowledged that
their study was not a randomized,
controlled trial, and that data on

Table 3. Risk Factors for Osteoporosis*

Postmenopausal or premature menopause

Caucasian or Asian

Hyperparathyroidism

Thyrotoxicosis
Lean body weight

Low calcium intake

Longterm use of steroids, anticonvulsants
Smoking; heavy use of alcchol

Inactivity; nulliparity

Gastric or small bowel resection

*From: Riggs BL and Melton LJ: N Engl J Med 314:1676-1686, 1986.

drug compliance, interval thyroid
function tests during treatment and
measurements of bone mineral prior
to institution of thyroxine therapy
were not available. .

Some of the criticisms of the reports
of Coindre et al and Ross et al were
addressed by the more carefully con-
trolled study by Paul and co-work-
ers.”® This study compared the bone
mineral density, assessed by dual-
photon absorptiometry, of 31 pre-
menopausal women taking levothy-
roxine for 5 or more years to that of
age- and sex-matched control women
without thyroid disease. The thyrox-
ine-treated women had a bone den-
sity 12.8% lower at the femoral neck
and 10.1% lower at the femoral tro-
chanter than the controls; the lumbar
spine bone mineral density was the
same in both groups. The latter find-
ing was surprising, since earlier stud-
ies had indicated that the spine was
commonly affected in thyrotoxicosis.
For example, Krolner et al®*found a
12.6% lower bone mineral density in
the spine of hyperthyroid patients;
Seeman et al®! also found the spine to
be more severely affected than the ap-
pendicular skeleton. Paul and co-
workers emphasized that their sub-
jects were premenopausal and pro-
posed that the discrepancy in spine
data related to the older mean age of
Krolner’s patients.

The bone changes noted by Paul et
al were most significant in women
over age 35, which suggests that
other factors, such as age, hormonal
status and physical activity, may aug-
ment a predisposition to thyroxine-in-
duced bone mineral loss (Table 3).
The T-treated women were routinely
ingesting less calcium (834 vs 1,158
mg/day) than the control women, al-
though the difference was not statisti-
cally significant. However, the au-
thors cited prior studies indicating
that dietary calcium does not corre-
late with bone mineral density at the
femur. Thyroxine-overreplaced pa-
tients may also have impaired intecti-
nal calcium absorption, as has been
described in hyperthyroidism.52-%¢
This could amplify the effect of re-




duced dietary calcium. Earlier stud-
ies of calcium balance during T,-in-
duced hypermetabolism in normal
subjects indicated that augmenta-
tion of dietary calcium tended to
maintain positive calcium balance.%

One critical issue in analyzing the
data of Paul et al*® is whether the
thyroxine-treated women were re-
ceiving “replacement” or “suppres-
sive” doses of the hormone. Ifthe
patients were receiving suppressive
doses, the findings would not be sur-
prising in view of the many earlier
studies on the adverse effects of en-
dogenous or experimental hy-
perthyroidism on the bone mineral.
On the other hand, the prospect that
“normal” replacement doses of thy-
roxine, taken by millions of patients,
may be accelerating bone loss and
enhancing fracture risk shakes the
very foundation of our long-held
concepts of the benefits of thyroid
replacement therapy.

Were the patients of Paul et al
physiologically replaced? Compared
to the controls, their serum triiodo-
thyronine levels were similar, but
mean serum T, was increased (10.4
vs 7.4 ug/100 ml), FTI was increased
(9.4 vs 6.8) and their TSH levels
were decreased (0.9 vs 2.1 pU/ml).
Indeed, the authors admitted that
they had employed dosages of T,
that would clearly be deemed exces-
sive on the basis of current concepts
of physiologic replacement dosage as
established recently by the work of
Hennessey et al®® and Fish et al.?”
In an editorial accompanying the
Paul et al study, Cooper®® agrees
that the patients in the study were
treated with excessive dosage, but
points out that many of them may
have been intentionally given these
higher doses for suppression of nod-
ules or thyroid cancer. The di-
lemma, he argues, is precisely in
this group of patients. Are we will-
ing to trade the theoretical benefits
of such suppressive therapy for the
theoretical increased future risk of
hip fracture? It is, of course, too
early to be alarmed, since neither
the certainty of thyroxine-related

bone mineral loss nor the increased
fracture risk has been proven.

A recent report by Ahmann et al*®
is pertinent to the possibility of dif-
ferential effects on bone exerted by
suppressive versus replacement
thyroxine dosage. As in the study
of Paul et al,*® these workers meas-
ured bone mineral density, by dual-
photon absorptiometry, in pre-
menopausal women taking thyrox-
ine and in age-matched controls.

In contrast to the study by Paul et
al, however, Ahmann and his col-
leagues distinguished between pa-
tients treated with replacement
doses of thyroxine and those
treated with suppressive doses.
The separation was based on the
demonstration of blunted TSH re-
sponses to TRH in patients on sup-
pressive doses. In their study, bone
mineral density measurements at
the spine, proximal radius and
femoral neck did not differ
significantly either between the pa-
tients and controls or between the
patient groups. Moreover, a group
of 16 patients taking suppressive
doses of levothyroxine for more
than 8 years did not differ in their
bone mineral density from another
group of 18 patients of comparable
age who had been taking levothy-
roxine for less than 5 years. Bone
Gla protein (osteocalcin) was meas-
ured as an index of bone turnover
and was not significantly higher in
the women on suppressive dosage
than in those on replacement dos-
age. The authors concluded that
mildly supraphysiologic doses of
thyroxine do not predispose pre-
menopausal women to reductions
in bone mineral density.

Preliminary results of a 3-year
longitudinal study® suggest that
thyroxine treatment of either spon-
taneous or post-radioiodine hypo-
thyroidism is not associated with a
reduction in bone mineral density.
However, the number of patients in
this study was relatively small and
measurements were of radial
(single-photon absorption) rather
than spinal bone. Definitive longi-

tudinal studies are still lacking.

Although these reports do not
permit definitive conclusions, the
experimental and clinical data
available raise strong suspicions
that excessive dosage of thyroxine
may cause diminished bone den-
sity. However, apart from the few
reports of fracture in hyperthy-
roidism, cited above, the reduction
in bone mineral that may accom-
pany exogenous thyroxine ad-
ministration has not been shown to
be associated with an increased
fracture risk. Bone mineral loss
and the risk of fracture or other
morbidity are separate issues.

As described above, the shorten-
ing of the duration of bone mul-’
ticellular remodeling units in hy-
perthyroidism tends to improve the
biomechanical competence and
strength of trabecular bone. Thus,
the possible effects of suppressive
thyroxine dosage on increased bone
resorption and turnover may be
balanced by a maintenance of me-
chanical competence, thereby vi-
tiating, to some extent, fracture
risk.> This is not the situation, for
example, in steroid-related osteo-
porosis, in which resorption is in-
creased, new bone formation is re-
duced and the duration of bone
multiceilular unit cycles is not re-
duced. Indeed, Meunier et al” have
proposed that thyroid hormone
might be prescribed to stimulate
the sluggish remodeling units in
senile osteoporosis, perhaps in con-
junction with calcitonin. In this re-
gard, a recent report of the effects
of calcitonin deficiency on bone
density in thyroidectomized pa-
tients noted a slight trend toward
higher density in those patients
taking thyroxine.

Given the extraordinary recent
interest in these questions, it may
not be very long before results of
definitive studies are available.
Until that time, for hypothyroid pa-
tients, it seems prudent to strive
for sufficient fine tuning of the thy-
roxine replacement dosage to en-
sure that the patient is euthyyroid.
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To do so requires appreciation of
the recent recommendations for a
downward revision in mean thyrox-
ine dosage,’®" preferably assisted
by monitoring with a highly sensi-
tive TSH assay. The multiple dos-
age strengths available today help
both the patient and the physician
achieve this goal.

The goal in treating patients with
thyroid cancer remains the achieve-
ment of the lowest dose of levothy-
roxine that will reduce serum TSH
to undetectable levels in the su-
persensitive assay. The benefits of
long-term suppressive therapy for
noncancer patients — those with
cold nodules, goiter, etc — may
have to be considered separately.
Since fine needle aspiration has im-
proved our ability to diagnose these
conditions, it is likely that fewer pa-
tients with diagnostically indeter-
minate cold nodules are being
treated with levothyroxine long-
term. In fact, a recent report from
the Mayo Clinic® strongly ques-
tioned the efficacy of such therapy,
at least for colloid nodules. Until
some of these questions are re-
solved, it would seem prudent to
employ slightly less than sup-
pressive doses of thyroxine for this
category of patient, particularly
women beyond age 45, who would
be at greater risk for osteoporosis.

Studies of the efficacy of cal-
citonin for the treatment of os-
teoporosis suggest that good re-
sponses might be expected in those
patients with high bone turnover
and accelerated rates of bone re-
sorption. Cooper® proposed that
should the risks of thyroxine ther-
apy be substantiated, combined
therapy with agents such as thyro-
calcitonin (or diphosphonates,
which also act to reduce bone turn-
over) might be explored in an at-
tempt to block the adverse effect of
thyroxine. Confirmation of a salu-
tary effect of such combination
therapy ultimately could resolve
the dilemma of the osteopenic risks
of thyroxine suppression in this
group of patients.

References

1.

10.

11.

12.

13.

14.

15.

Eriksen EP: Normal and pathological
remodeling of human trabecular bone:
Three dimensional reconstruction of
the remodeling sequence in normals
and in metabolic bone disease. Endocr
Rev 1986; 7:379-410.

McKenna MJ, Frame B: Hormonal in-
fluences on osteoporosis. Am J Med
1987; 82 (Suppl 1B):61-67.

Goldring SR, Krane SM: Thyrotoxi-
cosis: The Skeletal System, in Ingbar
SH, Braverman LE (eds): Werner’s
The Thyroid, ed 5. Philadelphia,
Lippincott and Co., 1986, pp 930-948.
Benker G, Breuer N, Windeck R,
Reinwein D: Calcium metabolism in
thyroid disease. J Endocrinol Invest
1988; 11:61-69.

Auwerx J, Bouillon R: Mineral and
bone metabolism in thyroid disease: A
review. @ J Med 1986; 60:737-752.
Mosekilde L, Melsen F, Bagger JP, et
al: Bone changes in hyperthyroidism:
Interrelationships between bone mor-
phometry, thyroid function and cal-
cium-phosphorus metabolism. Acta
Endocrinol 1977; 85:515-525.
Meunier PJ, Bianchi GGS, Edouard
CM, et al: Bony manifestations of thy-
rotoxicosis. Orthop Clin N Am 1972;
3:745-773.

Melsen F, Mosekilde L: Morphometric
and dynamic studies of bone changes
in hyperthyroidism. Acta Path Micro-
biol Scand 1977; 85:141-150.

Adams PH, Jowsey J, Kelley PJ, et al:
Effects of hyperthyroidism on bone
and mineral metabolism in man. @ J
Med 1967; 36:1-15.

Eriksen EF, Mosekilde L, Melsen F:
Trabecular bone remodeling and bone
balance in hyperthyroidism. Bone
1985; 6:421-428.

Aub JC, Bauer W, Heath C, Ropes M:
Studies of calcium and phosphorus
metabolism. III: The effects of the
thyroid hormone and thyroid disease.
J Clin Invest 1929; 7:97-137.
Mosekilde L, Melsen F: Effect of an-
tithyroid treatment on calcium-
phosphorus metabolism in hyper-
thyroidism. II: Bone histomorphome-
try. Acta Endocrinol 1978; 87:751-
758.

Follis RH Jr: Skeletal changes associ-
ated with hyperthyroidism. Bull
Johns Hopkins Hosp 1953; 92:405-411.
Hendriks JthAM, Smeenk D: In-
vestigation of bone and mineral me-
tabolism in hyperthyroidism before
and after treatment using calcitonin,
4"Ca and balance studies. Acta Endo-
crinol 1979; 91:77-88.

Adams PH, Jowsey J: Bone mineral
metabolism in hyperthyroidism: An
experimental study. Endocrinology
1967; 81:735-740.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

High WB, Capen CC, Black HE: Ef-
fects of thyroxine on cortical bone re-
modeling in adult dogs: A histomor-
phometric study. Am J Pathol 1981;
102:438-446.

Bayley TA, Harrison JE, McNeill
KG, Mernagh JR: Effect of thy-
rotoxicosis and its treatment on bone
mineral and muscle mass. J Clin
Endocrinol Metab 1980; 50:916-922.
Krane SM, Brownell GL, Stanbury
JB, Corrigan H: The effect of thyroid
disease on calcium metabolism in
man. J Clin Invest 1956; 35:874-887.
Cooper DS, Kaplan MM, Ridgway
EC, et al: Alkaline phosphatase
iscenzyme patterns in hyper-
thyroidism. Ann Intern Med 1979;
90:164-168.

Bijlsma JWJ, Duursma SA, Roelofs
JMM, der Kinderen PJ: Thyroid
function and bone turnover. Acta
Endocrinol 1983; 104:42-49
Kivirikko KI, Laitinen O, Lamberg
B-A: Value of urine and serum hy-
droxyproline in the diagnosis of thy-
roid disease. J Clin Endocrinol
Metab 1965; 25:1347-1352.

Garrel DR, Delmas PD, Malavol L,
Tourniaire J: Serum bone Gla pro-
tein: A marker of bone turnover in
hyperthyroidism. J Clin Endocrinol
Metab 1986; 62:1052-1055.

Lukert BP, Higgins JC, Stoskopf
MM: Serum osteocalcin is increased
in patients with hyperthyroidism
and decreased in patients receiving
glucocorticoids. o Clin Endocrinol
Metab 1986; 62:1056-1058.

Burman KD, Monchik JM, Earll JM,
Wartofsky L: Ionized and total se-
rum calcium and parathyroid
hormone in hyperthyroidism. Ann
Intern Med 1976; 84:668-671.

Dahl JR, McFadden SK, Eisenberg
E: Idiopathic hypoparathyroidism
associated with hyperthyroidism.
Ann Intern Med 1962; 57:635-639.
Cope O, Donaldson GA: Relation of
thyroid and parathyroid glands to
calcium and phosphorus metabolism:
Study of a case with coexistent hypo-
parathyroidism and hyperthyroid-
ism. J Clin Invest 1937; 16:329-341.
Aub JC, Albright F, Bauer W, et al:
Studies of calcium and phosphorus
metabolism. VI: In hypoparathy-
roidism and chronic steatorrhea with
tetany with special consideration of
the therapeutic effect of thyroid.

J Clin Invest 1932; 11:235-248.
Moses AM, Blumenthal SA: Disturb-
ances of water, electrolyte, and min-
eral metabolism in hypo- and hyper-
thyroidism. Thyroid Today 1985;
8:2.

Bell NH: Vitamin D-endocrine sys-
tem. J Clin Invest 1985; 76:1-6.




30.

31.

32.

33.

34.

35.

36.

317.

38.

38.

40.

41.

42.

43.

Jastrup B, Mosekilde L, Melsen F, et al:
Serum levels of vitamin D metabolites
and bone remodeling in
hyperthyroidism. Metabolism 1982;
31:126-132.

Bouillon R, Muls E, DeMoor P: Influ-
ence of thyroid function on the serum
concentrations of 1,25-dihydroxyvitamin
D,. J Clin Endocrinol Metab 1980;
51:793-797.

Duncan WE, Glass AR, Whitehead D,
Wray HL: Hyperthyroidism increases
nuclear 1,25-dihydroxyvitamin D, bind-
ing in female rat liver. Proceedings of
the 7th Workshop on Vitamin D, Rancho
Mirage, CA, April 1988, (ed): Norman
AW, et al. W. deGruyter, Berlin, 1988.
Stevenson JC, Hillyard CJ, MacIntyre I,
et al: A physiological role for calcitonin:
Protection of the maternal skeleton.
Lancet 1979; 2:769.

Zanatta GP, Simioni N, Girelli ME, et al:
Parathyroid hormone and calcitonin in
thyrotoxicosis. Horm Metab Res 1984,
16:384-385.

Deftos LJ, Weisman MH, William GW,
et al: Influence of age and sex on plasma
calcitonin in human beings. N Engl J
Med 1980; 302:1351-1353.

McDermott MT, Kidd GS: The role of
calcitonin in the development and treat-
ment of osteoporosis. Endocr Rev 1987;
8:377-390.

Rosenstein BD, Awbrey Bd, Thomas CG,
Talmage RV: The effect of thyroid
disease and thyroidectomy treatment on
calcitonin and bone density in women.
Trans Orthoped Res Soc 1985; 10:261-
271.

Hurley DL, Tiegs RD, Wahner HW,
Heath H III: Axial and appendicular
bone mineral density in patients with
long-term deficiency or excess of cal-
citonin. N Engl J Med 1987; 317:537-
541.

Fraser SA, Anderson JB, Smith DA,
Wilson GM: Osteoporosis and fractures
following thyrotoxicosis. Lancet 1971;
1:981-983.

Bornemann M, Saxon JR, Kedd GS: Os-
teoporosis unmasked by hyperthy-
roidism in a young man with osteogene-
sis imperfecta. Arch Intern Med 1987,
147:1947-1948.

Baranetsky NG, Chertow BS, Sivitz WI,
Mullen JO: Case report: Renal hy-
pophosphatemic osteomalacia unmasked
by hyperthyroidism. Am J Med Sci
1986; 292:231-234.

Meema HE, Schatz DL: Simple radio-
logic demonstration of cortical bone loss
in thyrotoxicosis. Radiology 1970; 97:9-
15.

Coindre JM, David JP, Rivere L, et al:
Bone loss in hypothyroidism with hor-
mone replacement: A his-
tomorphometric study. Arch Intern Med
1986; 146:48-53.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Barsony J, Lakatos P, Foldes J, Feher
T: Effect of vitamin D, loading and
thyroid hormone replacement therapy
on the decreased serum 25-hydrox-
yvitamin D level in patients with hy-
pothyroidism. Acta Endocrinol 1986;
113:329-334.

Ettinger B, Wingerd J: Thyroid supple-
ments: Effect on bone mass. West J
Med 1982; 136:473-476.

Fallon MD, Perry HM, Bergfeld M, et
al: Exogenous hyperthyroidism with
osteoporosis. Arch Intern Med 1983;
143:442-444.

Perry HM: Thyroid replacement and
osteoporosis. Arch Intern Med 1986;
146:41-42.

Ross DS, Neer RM, Ridgway EC,
Daniels GH: Subclinical hyper-
thyroidism and reduced bone density as
a possible result of prolonged suppres-
sion of the pituitary-thyroid axis with
L-thyroxine. Am JJ Med 1987; 82:1167-
1170.

Paul TL, Kerrigan J, Kelly AM, et al:
Longterm L-thyroxine therapy is asso-
ciated with decreased hip bone density
in premenopausal women. JAMA
1988; 259:3137-3141.

Krolner B, Vesterdal-Jorgenson J, Pors
Nielsen S: Spinal bone mineral content
in myxedema and thyrotoxicosis: Ef-
fects of thyroid hormone(s) and antithy-
roid treatment. Clin Endocrinol 1983;
18:439-4486.

Seeman E, Wahner HW, Offord KP, et
al: Differential effects of endocrine
dysfunction on the axial and the ap-
pendicular skeleton. o Clin Invest
1982; 69:1302-1309.

Shafer RB, Gregory DH: Calcium mal-
absorption in hyperthyroidism. Gastro-
enterology 1972; 63:235-239.
Singhelakis P, Alevizaki CC, Ikkos DG:
Intestinal calcium absorption in hy-
perthyroidism. Metabolism 1974;
4:311-321.

Haldimann B, Kaptein EM, Singer FR,
et al: Intestinal calcium absorption in
patients with hyperthyroidism. o Clin
Endocrinol Metab 1980; 51:995-997.
Lukensmeyer WW, Hege JH, Theil BG,
Wilson WR: Calcium and phosphorus
metabolic studies in trilodothyronine-
induced hyperthyroidism. Am J Med
Sei 1970; 259:282-291.

Hennessey JV, Evaul JE, Tseng Y-C,
et al: L-thyroxine dosage: A reevalu-
ation of therapy with contemporary
preparations. Ann Intern Med 1986;
105:11-16.

Fish LH, Schwartz HL, Cavanaugh J,
et al: Replacement dose, metabolism,
and bioavailability of levothyroxine in
the treatment of hypothyroidism: Role
of triiodothyronine in pituitary feed-
back in humans. N Engl J Med 1987;
316:764-770.

58.

59.

60.

61.

Cooper DS: Thyroid hormone and
the skeleton: A bone of contention,
editorial. JAMA 1988; 25%:3175.
Ahmann AJ, Solomon B, Duncan
WE, Wartofsky L: Normal bone
mineral density (BMD) in pre-
menopausal women on suppressive
doses of L-thyroxine, abstracted.
Annual Meeting, American Thy-
roid Association, Washington, DC,
1987.

Toh S, Brown P: Bone mineral
content in hypothyroidism with
hormone replacement: A three
year study. Proceedings of the
70th Meeting of the Endocrine So-
ciety, New Orleans, LA, June 1988,
Abstract No. 475, p. 139.

Gharib H, James EM, Charboneau
JW, et al: Suppressive therapy
with levothyroxine for solitary thy-
roid nodules. N Engl J Med 1987;
317:70-75.




