











thyroid hormones. In addition,
serum markers of thyroid hormone
action, sex hormone binding globulin
(SHBG) and the amino-terminal pro-
peptide of type III procoliagen, were
similar in control and levothyroxine
treated groups. Although these assays
may be relatively insensitive markers
of thyroid hormone effects, these
findings suggest that relative

tissue exposure to iodothyronines
were at least not enhanced
markedly. Adlin et al.32 also found a
lower bone density in the hip and
lumbar spine areas in postmeno-
pausal women treated with levo-
thyroxine compared to age-matched
control subjects.

What is the conclusion from these
studies about the potential effect of
levothyroxine upon bone density in
premenopausal women? There is no
obvious consensus, but if there is an
effect, in my opinion, it is small, dif-
ficult to detect, and of unknown clin-
ical significance. Although the degree
of TSH suppression varied, there
did not appear to be a relation-
ship between the TSH level and
BMD changes.

This opinion is substantiated by
the meta-analysis of Faber and
Galloe,33 who analyzed 15 published
studies assessing BMD in women
with “undetectable” TSH concentra-
tions. These authors evaluated 477
measurements in premenopausal
women who had been treated with
levothyroxine for an average of 8
years. There was an average excess
annual bone loss of .32% which trans-
lated into a 2.69% decrease in bone
mass as compared to that of controls.
In marked contrast, in postmeno-
pausal women (average age 61), 341
measurements were analyzed. These
women had been treated with
levothyroxine for about 10 years.
There was an excess annual bone loss
of about .97% yearly, and the
levothyroxine-treated patients had
9.61% less bone mass than the con-
trol subjects. The authors calculate
that 22 additional studies of 18
patients each would be required to
abrogate the difference between
levothyroxine and control groups.

Postmenopausal women. Given
this meta-analysis, we shall now

@ Table 3
Analysis of Selected Studies
Effect of L-Thyroxine Suppressive Therapy in Postmenopausal Women
Number Mean TSH BMD in BMD
First of L-Ty Type of Value in L-T, L-T, Treated in Contrel
Author Patients | Patients Treated Patients | Patients Patients
Greenspan®!| 28 Hypo; Bx .05 LS NS Hip .82 + .13
GD; HT; Hip .77 + .13
Goiter; TC
Diamond2® | 10 TC 3x.1 LS .88 +.04 1.51.07 +.04
FN .70 = .03 FN .92 + 02
Grant?’ 44 Hypo <.05 FA NS —
Kung3 34 TC <.05 FA* 113+ 33 FA 134 £ 36
LS .75 .15 L.S.92+ .16
FN .62 = .12 FN .71+ .13
Stall3® 10 Hypo; TC; | 8 0.1 pU/mL LS.99+005 | LS1.08+001
HT or less; one 0.3; FA b7+ .08 FA .61+ .01
one 0.2 FN .77 + .04 FN .80+ .01
Lehmke3® 16 TC <.15 uU/mL LS NS —
FA 46 + .12 FA 54+ 03

* Forearm reported as grams.
See Legend for Table 2.

consider the studies examining post-
menopausal women (Table 3). They
appear to be more consistent than
those of the premenopausal women
(Table 2). Greenspan et al.3! found
that hip density was decreased in 28
postmenopausal women who had
taken suppressive doses of levothy-
roxine more than 5 years compared
to a contrel group. TSH values were
generally <0.05 mU/L, and the free
T, index was within normal in
most of the patients. Some patients
were taking oral calcium, but the
consistency and potential effect of
this medication could not be accur-
ately assessed. In addition, the body
mass index of the control group was
not determined.

The studies of Diamond et al.,28
Kung et al.,34 Stall et al.,35 and
Lehmke et al.,36 each found a signif-
icant difference in BMD in the
levothyroxine-treated group com-
pared to the control group. Gener-
ally, the differences were found in
both the spine and femoral areas.
Grant et al.,37 however, were unable
to document a difference in the two
groups. In the study by Stall et al.,35
the duration of levothyroxine therapy
ranged from 3 to 33 years. In most
of these studies, the extent to which
one group ingested oral calcium, exer-
cised, or smoked was unknown, and
these factors could play a role in
these apparent differences. There
are no long-term controllied
prospective trials in which the same
patients and controls were studied
longitudinally.

Duncan et al.38 performed BMDs
in about 20 Caucasian women who
were taking levothyroxine therapy.
Neither the initial spine BMD mea-
surement nor the change over time
was influenced by dose or duration of
levothyroxine therapy, type of under-
lying thyroid disease, or the serum
free T, index. Age and history of
previous thyrotoxicosis correlated with
bone loss. Similar results were
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obtained for hip BMD. Schneider et
al.39 studied 991 Caucasian women
between the ages of 50 to 98. Of these
women, 196 were receiving thyroid
therapy. These patients had signifi-
cantly lower BMDs of the radius and
hip compared to patients not taking
levothyroxine. This report can be
criticized because thyroid prepar-
ations other than levothyroxine used
by their patients were converted to
levothyroxine equivalents. Such a
conversion seems tenuous in my view.
Further, no TSH measurements were
available. Taken together, there
seems to be agreement among the
various studies published that
levothyroxine suppression therapy
may aggravate osteopenia in
postmenopausal wormen.

Fracture Rate

Although the possible effect of leve-
thyroxine suppression therapy on
BMD is controversial, the sole
clinical importance of these findings
relates to the potential relationship
between a decreased BMD and an
increased fracture risk. In general,
this relationship is valid, but in
patients on levothyroxine therapy

the diminished BMD in a given in-
dividual may be minor, and the
enhanced fracture risk may be incon-
sequential. There are few studies
actually assessing the risk of fracture,
and it must be remembered that the
underlying disease (eg, previous
Graves’ disease) may have played a
predominant role in decreasing the
BMD rather than the post-treatment
administration of levothyroxine
therapy. In this context, Kung et al.34
observed that 2 of their 34 patients
had hip fractures, whereas the age-
adjusted rate of hip fractures was 353
per 100,000 women, implying the rate
observed was higher than expected.
Fraser et al.40 in 1971 published that

overt hyperthyroidism, especially in
older patients, was associated with
decreased BMD and a slight but
significant increased likelihood of
fractures. Fraser’s study did not
analyze the effect of levothyroxine
suppression therapy upon fracture
rates. More recent studies have
involved larger numbers of patients
and have not found a difference in the
fracture rate in levothyroxine-treated
patients and control subjects. Leese et
al4! analyzed 1180 patients receiving
levothyroxine, of whom 59% had
suppressed TSH and 38% had a
normal TSH. This article does not
give specific details regarding the type
of fractures incurred nor further
information regarding other risk
factors in each group and the circum-
stances under which the fractures
occurred. However, the risk of all
fractures, as weli as those of the
femoral neck, was not different in the
patients regardless of whether the
TSH was within the normal range or
suppressed or whether patients were
under or over age 65. This study only
analyzed major fractures that neces-
sitated hospital admission. The
authors suggest that there was a
trend towards an increased fracture
rate in those with a suppressed TSH
who were > age 65 (1%), compared to
those with a normal TSH > age 65
(0.5%); however, the SE was 0.4% in
the former group and 0.5% in the latter
group. In ancther study, Cummings et
al.42 found that a history of hyper-
thyroidism was associated with an
enhanced risk of femoral fractures in
women. The estimated relative risk
was 1.7. Administration of thyroid
hormone was not significantly
associated with an increased risk of
hip fracture following adjustment for
a history of hyperthyroidism.
Solomon et al.43 interviewed 300
Caucasian postmenopausal women
for a history of thyroid disease and
determined whether they were
taking thyroid medication and their

fracture rate. Women with overt
hyperthyroidism had their first
fracture at an earlier age, but a
history of taking thyroid medication
did not increase the fracture rate.
This study had the advantage of
asking a relatively thorough history
so that risks could be assessed; also,
the study analyzed women who were
living independently in apartment-
style accommodations. However, this
is a historical study and could not
document hormone levels or the
original thyroid disease diagnosis.

In summary, it is evident that
more prospective studies assessing
fracture rates in women on levothy-
roxine suppression therapy must be
performed. However, at present,
there does not seem to be a proven
increased rate of fractures in women
taking levothyroxine. This issue is of
paramount importance. Decreased
BMD by itself'is clinically meaning-
less unless it is accompanied by
increased fracture rate.

Biochemical Effects of
Suppressive Doses of
Levothyroxine

The premise that levothyroxine sup-
pression therapy aggravates osteo-
porosis presupposes that other
tissues and organs are exposed to
and recognize excessive thyroid
hormones, similar to the pituitary
gland.#4 Unfortunately, we do not
have sensitive and specific measures
that are able to detect the
iodothyronine envirenment in these
other organs. Comparing different
groups of patients in a cross-
sectional study, Ross et al.45 found
that serum osteocalcin levels did not
vary significantly between groups of
patients that had been taking
levothyroxine sufficient to suppress
TSH. Mudde et 21.46 found that
patients with subclinical hyper-




thyroidism and a multinodular goiter
had elevated osteocalcin levels.
Harvey et al.47 noted significantly
increased urinary excretion of colla-
gen-derived pyridinium cross-links
and osteocalcin in patients with
overt hyperthyroidism. Postmeno-
pausal, but not premenopausal,
women who were taking levo-
thyroxine had increased excretion
of cross-links. Osteocalcin changes
did not reach statistical signifi-
cance; comparable findings were
reported by Stepan and Limanova.48

of levothyroxine therapy associated
with suppressed serum TSH levels.
In general, these patients
maintained free T, and free T4 levels
that were within the normal range.
Although the cardiac effects are
certainly of interest, the changes, for
example, in left ventricular mass
are minimal, and it remains to be
shown that these findings produce
deleterious clinical effects.

Summary and
Recommendations

Cardiac Effects

Potentially important cardiac effects
alse have been found in levothyro-
xine treated patients with sup-
pressed TSH concentrations. In a
group of 20 patients receiving levo-
thyroxine (average age of 39 years),
Biondi et al.4® found increased
heart rate (when monitored over a
24-hour period), an increased
number of premature atrial
contractions, increased left
ventricular mass, and enhanced
velocity of ventricular shortening in
patients with suppressed TSH com-
pared to control patients. The TSH
level in these 20 patients receiving
levothyroxine was undetectable in
every case, and the mean free T,
level was 19.2 pmol/L: compared to
15.3 pmol/L in the control subjects.
Parenthetically, osteocalcin was not
different in the two groups.4® These
investigators subsequently showed
that these cardiac effects and quality
of life issues could be ameliorated by
a cardioselective beta blocker.50

In essence, recent studies using
third-generation TSH assays, in
conjunction with a variety of sophisti-
cated measures for assessing end-
organ or tissue abnormalities, have
suggested that there are subtle but
definite cardiac and skeletal effects

Most evidence suggests that replace-
ment doses of levothyroxine resulting
in serum TSH levels within the
normal range do not contribute to
an accelerated rate of osteoporosis.
The finding of diminished bone
density in many patients with a
prior history of clinical
hyperthyroidism may reflect the
effect of excess endogenous thyroid
hormone generated during the
period of hyperthyroidism rather than
the post-treatment use of excessive
thyroid hormone replacement treat-
ment following thyroidal ablation.
The daily production of thyreid hor-
mone in patients with clinical hyper-
thyroidism exceeds the daily turnover
of the thyroid hormones in normal
subjects by factors of 4 to 7.51 Post-
menopausal patients appear to be
especially sensitive to thyroid hor-
mone over-replacement.

In replacing hypothyroid patients,
efforts should be made to maintain
the level of serum TSH within the
accepted population range (0.4 to 4.5
mU/L).52 Future studies should help
to determine whether episodic noc-
turnal surges that usually escape
clinical detection can significantly
influence levothyroxine requirements.

Administering TSH-suppressive
doses of thyroid hormone in efforts
to shrink or curtail the growth of a

goiter, nodule, or thyroid cancer
clearly presents the potential
danger of accelerating bone loss,
especially in postmenopausal
patients. However, there is no
convincing evidence to date that the
resulting osteopenia is associated
with an increased fracture rate.
Ongoing studies should help resolve
this paradox.

The degree to which excess thyroid
hormone affects bone and heart is
most likely related to the level of thy-
roid hormone achieved in suppres-
sive therapy. Given the dispropor-
tionate increase in dose require-
ments to achieve progressively
lower target TSH levels, it is wise
to check frequently that the extent
of TSH suppression is appropriate.
Serial ultrasound studies of the
thyroid may be helpful in deter-
mining whether levothyroxine is
achieving the desired cessation of
nodule or goiter growth. In the case
of thyroid cancer, two groups have
claimed that a reduction of TSH
level to 0.1 mU/L produces maxi-
mal reductions in thyroglobulin
level.53-5¢ Other observers suggest
that there are patients who show
further suppressicn as the level of
TSH is reduced to lower than 0.1
mU/L.55 The physician, therefore,
may choose to titrate levothyroxine
to determine—on the basis of
serum thyroglobulin levels and
clinical context—whether the
larger doses of levothyroxine can
achieve further suppression in the
patient under treatment.
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