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The aim s of this study were to determine the prevalence of subclinical thyroid

dysfunction and to evaluate the relationship between hormonal status and spinal

bone mineral density (BMD) in clinically euthyroid goitrous children and also to

evaluate the impact of long term levothyroxine (L-T4) treatment on spinal BMD.

A total of 142 patients (mean age: 11.3±3.2 years) with clinically euthyroid goiter

whose baseline thyroid hormones and sensitive TSH values and TSH response to

TRH stimulation on admission had revealed subclinical thyroid dysfunction  were

enrolled in this study. The patients were divided into two groups: Group I consisted

of 66 newly-diagnosed patients who had not received L-T4 whereas Group II

consisted of 76 cases who had been taking L-T4 for a mean period of 3.4±2.5 years.

These two groups were also subdivided according to their TRH test results: Group Ia

and IIa were euthyroid, Group Ib and IIb were subclinical hypothyroid. Lumbar spine

(L2-4) BMD was measured by DEXA. The results were compared within each group

using unidimensional variance analyses according to the subclinical dysfunction and

whether treatment had been implemented or not. 

The TRH stimulation test showed that out of 142 cases 95 (66.90%) had euthyroidism,

42 (29.57%) had subclinical hypothyroidism and 5 (3.53%) had subclinical hyperthyroidism.

Spinal BMD results on admission were significantly low in the subclinical hypothyroid

patients compared to that of euthyroid patients. There was also no adverse effect of

L-T4 treatment on the spinal BMD in the 76 treated patients when compared to the 66

non-treated cases.

A TRH stimulation test should be done in all clinically euthyroid goitrous patients to

detect subclinical thyroid dysf unction. We suggest that long-term L-T4 therapy in

subclinical hypothyroid goitrous children has no adverse effect on BMD.
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Introduction

Osteoporosis is a major health problem and future

risk is determined at an early age. Bone mineral

density in later life largely depends on the peak 

bone mass achieved in adolescence and young

adulthood (1-4) making optimization of bone mass

early in life vital. Thyroid hormones exert an

important action on bone remodeling and their

excess in patients with thyrotoxicosis has long

been recognized as being associated with increased

bone turnover, affecting bone resorption more than

bone formation (5-12). This effect has also been

reported in subclinical hyperthyroid patients (13,14).

Studies have suggested that adult patients receiving 



Hormonal Measur ement:  Serum samples for

total triiodothyronine (TT3), free T3 (FT3), total

thyroxine (TT4), free T4 (FT4) and baseline thyroid

stimulating hormone (bTSH) were obtained. Serum

levels of thyroid hormones and sensitive TSH were

determined by radioimmunoassay with commercially
avaible kits (Amerlax MT4, Amerlax MA8 FT4 and

TSH- IRMA MEDGENIX). Intra- and interassay

coefficient of variation were 1.6-3.7 and 3.2-4.9

for TT3; 3.5-5.8 and 6.4-9.8 for FT3; 2.6-3.3 and

3.6-4.7 for TT4; 3.7-6.5 and 5-7.5 for FT4; 3.46-

4.6 and 5.1-5.8 for TSH.

Subclinical hypothyroidism was diagnosed by mildly

elevated serum sensitive TSH or an exaggerated

response of TSH to the TRH stimulation test and

normal serum thyroxine levels (25,26). Subclinical
hyperthyroidism was defined as suppressed serum

sensitive TSH (<0.1 mIU/L) and normal serum

thyroxine and triiodothyronine levels (25). TRH at

a dose of 7 mg/kg (max 200 mg) was injected intra-

venously and blood samples for TSH were collected

at 0, 20, 40, 60 minutes (27). Our unpublished

thyroid hormone levels and TSH response to TRH

stimulation values determined in 44 age-matched

healthy euthyroid children with no goiter served as

our control (17 girls and 27 boys with a mean age
of 9.91±3.45 years). These reference values were

as follows: TT3: 1.53±0.38 ng/ml, FT3: 6.37±1.6

pmol/L, TT4: 9.10±1.77 µg/dl, FT4: 17.18±4.95

pmol/L, baseline TSH: 2.49±0.92 mIU/ml, peak

TSH response to TRH (pTSH): 16.12±3.93 mIU/

ml and delta TSH (peak TSH- bTSH): 13.75±3.6

mIU/ml. The thyroid hormone and the baseline

and TRH-stimulated TSH levels were considered

pathological when they were 2SD above or below

the control values.

Bone Mineral Measurement:  Bone mineral density

was measured in Group I on admission and in

Group II during L-T4 therapy over one year. The

spine is composed primarily of trabecular bone,

which is metabolically more active than cortical

bone because of its greater surface area. We

therefore preferred the measurement of bone mass

at the vertebral area. Spinal bone mineral mass

BMD and BMC determinations were made at the

L2-L4 levels of the spine with a commercially
available dual energy X-ray absorbtiometer (DEXA)

unit (Hologenic QDR-1000). The subjects were 

chronic levothyroxine (L-T4) treatment, particularly

those receiving doses that can suppress TSH, may

have a relatively reduced bone mass (15-21). Other

authors have reported that long-term L-T4 therapy

has no adverse effect on bone mineral density (22-24).

Goiter is a common endocrine disorder in childhood.

L-T4 administration is controversial in clinically

euthyroid goitrous patients. The thyroid size may

decrease in time or remain the same, and L-T4

therapy may not be essential. Euthyroid goitrous

patients do not always present with a homogenous

thyroid hormone status and may be clinically and

biochemically euthyroid, subclinical hypothyroid

or subclinical hyperthyroid. The effect of L-T4

therapy on BMD may vary according to the degree

of subclinical thyroid dysfunction.

The study objective was to determine the prevalence

of subclinical thyroid dysfunction and the relationship

between hormonal status and spinal bone mass in

142 clinically euthyroid goitrous children, and to

evaluate the impact of long term L-T4 treatment on

spinal bone mass according to their thyroidal status.

Material and Methods

Patients:  A total of 142 patients (91 female, 51

male; mean age: 11.3±3.2 years) with clinically

euthyroid goiter were studied. The exclusion

criteria were nodular goiter, clinical findings

consistent with hypo- or hyperthyroidism, chronic

systemic disease, malnutrition and growth retardation.

The patients were healthy and not taking any other

medication known to interfere with bone metabolism.

None of the patients had any systemic disease

known to influence bone mineralization. Clinically

euthyroid goiter was diagnosed by physical examination,

thyroid ultrasonography and a normal serum sensitive

TSH level with normal serum total and free

thyroxine levels. The patients were divided into two

groups: Group I consisted of 66 newly-diagnosed

patients who had not received L-T4 therapy. Group  II

consisted of 76 cases who had received L-T4 (100

µg/m2/day) for a mean period of 3.4±2.5 years to
shrink goitrous thyroid tissue. These two groups

were also subdivided according to their TRH test

resuts at admission: Group Ia and IIa patients were

clinically and biochemically euthyroid, Group Ib

and IIb patients were subclinical hypothyroid.
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Table 2.  Goitrous Patients Receiving L-T4 Treatment Over One Year (Group II, n=76).

Clinically Euthyroid Subclinical hypothyroid

n: 44 n: 32

Age (years) 13.7 ± 0.16 12.07 ± 4.08

HeightSDS 0.19 ± 0.99  0.03 ± 1.08

Free T3 (pmol/l) 5.82 ± 1.86  5.64 ± 1.85

Free T4 (pmol/l) 15.15 ± 4.75  13.56 ± 4.84

Basal TSH (mlU/ml) 2.18 ± 1.23  4.54 ± 3.17

D TSH 13.47 ± 2.95   34.14 ± 16.63

Spinal L2-4 BMD (gr/cm2) 0.79 ± 0.17  0.76 ± 0.17

Spinal L2-4 BMC (g) 31.5 ± 10.8  29.6 ± 11.2

Subclinical
Hyperthyroid

3.53%

Clinical and
Biochemical
Euthyroid
66.90%

Subclinical
Hypothyroid

29.57%

Figure 1.  Distribution of thyroid dysfunction in 142 clinically euthyroid

goitrous patients according to TRH testing.

Table 1. Goitrous Patients Without L-T4 Treatment (Group I, n=66).

Clinically Euthyroid Subclinical hypothyroid

n: 51 n: 10

Age (years) 10.48 ± 0.14 11.42 ± 2.58

HeightSDS -0.24 ± 0.88  0.20 ± 0.81

Free T3 (pmol/l)  5.50 ± 2.06  5.85 ± 1.97

Free T4 (pmol/l) 19.26 ± 4.43 17.49 ± 5.59

Baseline sensitive TSH (mlU/ml)  2.24 ± 1.26  3.42 ± 2.06

D TSH on TRH testing 13.49 ± 9.06 28.35 ± 9.06

Spinal L2-4 BMD (gr/cm2)  0.62 ± 0.14  0.59 ± 0.15

Spinal L2-4 BMC (g) 20.9 ± 8.2  20.2 ± 7.93

Hormonal characteristics and vertebral BMD and

BMC values of Group I, which did not receive L-

T4, are shown in Table 1. Spinal bone mass criteria

were significantly low in subclinical hypothyroid

patients in comparison with clinically euthyroid

patients (Figure 2, upper panel). 

scanned in the supine position, and no child

required sedation to complete the examination.

Optimal separation of the lumbar vertebrae and

reduction of lumbar lordosis was achieved by

propping the patient’s legs on foam blocks. The

results were expressed as BMD in grams per cm2

as BMC in grams.

Statistical analysis:  The results were expressed as

mean ± standard error. Values of p<0.05 were

considered significant. Differences between the

groups were assessed by unidimensional variance

analyses for vertebral BMD in accordance with the
subclinical dysfunction and whether treatment was

administered or not.

Results

Figure 1 shows the distribution of thyroid dysfunction
in 142 clinically euthyroid goitrous patients. We

found that ninety-five cases (66.90%) were clinically

and biochemically euthyroid, forty-two cases (29.57%)
were subc linical hypothyroid and five cases (3.53%)

were subclinical hyperthyroid.
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Table 3. Vertebral BMD and BMC values in L-T4 untreated (Group I) and treated (Group II) groups without taking subclinical thyroidal

dysfunction into account.

Number of pts (n) BMD L 2-4 (g/cm2) BMC L2-4 (g)

Group I (ages 11.3 ± 3.2) 66 0.64 ± 0.16 21.6 ± 8.8

Group II (ages 13.1 ± 3.1) 76 0.75 ± 0.18   28.7 ± 11.5

Significance p>0.05  p>0.05

Figure 2.  Vertebral BMD and BMC values of goitrous children according to their thyroid dysfunction. Upper panel shows vertebral bone

mass criteria of Group I which did not receive L-T4 treatment. Lower panel shows vertebral bone mass criteria of Group II

receiving L-T4 treatment for over one year (3.4±2.5 yrs)

The comparison of the spinal bone mass of Group

I and Group II is given in Table 3. The spinal
BMD and BMC mean values of the Group I

patients were 0.64±0.16 g/cm 2  and 21.60±8.80 g,
respectively. The same values for the Group II

patients were 0.75±0.18 g/cm 2 and 28.70±11.50 g,
respectively. There was no significant difference

between the two groups. 

In Group II, receiving L-T4 treatment for over one

year (mean 3.4±2.5 years), 44 of the patients (57.89%)
were clinically euthyroid while 32 (42.11%) were

subclinical hypothyroid. Their hormonal characte-

ristics on admission and spinal bone mass criteria
on L-T4 therapy are shown in Table 2. There was

no significant difference in spinal BMD and BMC

values between treated clinically euthyroid and

subclinical hypothyroid patients (Figure 2, lower
panel).
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Significance Ib vs Ia, p<0.05 Significance Ib vs Ia, p<0.05

Significance IIa vs IIb, p>0.05 Significance IIa vs IIb, p>0.05

Ia       Clinically Euthyroid Ib        Subclinical Hypothyroid Ia       Clinically Euthyroid Ib        Subclinical Hypothyroid

IIa       Clinically Euthyroid IIb         Subclinical Hypothyroid IIa        Clinically Euthyroid IIb         Subclinical Hypothyroid
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and childhood (31). Several authors have reported a

reduction in bone density following TSH suppressive
doses of L-T4 among patients with non-toxic

goiter. Nevertheless, others have demonstrated that

an average of 8-10 years of L-T4 suppressive
therapy has no adverse effect on bone density (23).

In a study by Raidetti et al bone mineral content
was significantly low compared to controls in

adolescents and children taking high doses of L-T4

for endemic goiter, Hashimato’s thyroiditis or thyroid
cancer (30). Some degree of L-T4 overtreatment

leading to mild subclinical hyperthyroidism might

be the cause of the decreased bone mass. Duncan
et al have demonstrated that thyroid hormone

therapy in the absence of TSH suppression is not

associated with a significant effect on BMD (32).
On the contrary, Tumer et al have found no

correlation between BMD and TSH levels, which

is the index of tissue hyperthyroidism (22). They
suggested that long-term L-T4 therapy in children

has no adverse effect on BMD. 

We found that treated euthyroid goitrous children show

normal bone mass irrespective of their subclinical

thyroid dysfunction. Our data do not reveal any
consequence on spinal bone mass acquisition when

compared with control subjects.

In conclusion TRH-stimulated TSH levels are more
useful than basal sensitive TSH levels for determining

subclinical thyroid dysfunction. The long-term

carefully monitored (0.5>TSH >0.2 mIU/ml) L-T4

therapy (100 µg/m2/day) in clinically and bio-
chemically euthyroid and subclinical hypothyroid
children has no adverse effect on spinal BMD. 

References

1. Van der Suluis IM, de Muinck Keizer-Schrama SMPF.
Osteoporosis in childhood: Bone density of children in
health and disease. J Pediatr Endocrinol Metab  14: 817-
32, 2001.

2. Saggese G, Baroncelli GI, Bertelloni S. Osteoporosis in
children and adolescents: Diagnosis, risk factors, and
prevention.  J Pediatr Endocrinol Metab  14: 833-59, 2001.

3. Katzman DK, Bachrach LK, Carter DR, Marcus R.
Clinical and anthropometric correlates of bone mineral
acquisition in healthy adolescent girls. J Clin Endocrinol
Metab 73: 1332-9, 1991.

4. Warner JT, Covan FJ, Dunstan FD, Evans WD, Webb
DK, Gregory JW. Measured and predicted bone mineral
content in healthy boys and girls aged 6-18 years:
adjustment for body size and puberty. Acta Paediatr  87:
244-9, 1998. 

Discussion 

The results of our study revealed that L-T4 therapy

in clinical and biochemical euthyroid and sub-

clinical hypothyroid groups has no adverse effect

on spinal bone density, if monitored carefully (0.5
> TSH < 0.2 mIU/ml).

Thyroid hormones are important regulators of

normal growth and bone metabolism (5,8,10).

Although thyroid hormones stimulate both the

osteoblastic and the osteoclastic activity, their

effects are much stronger on osteoclasts (5,10,12),

leading to osteopenia and the risk of repeated bone

fractures in hyperthyroid patients (6,11,14,28,29).

L-T4 is given either as physiological replacement

therapy in children with hypothyroidism or as
suppressive treatment in children with goiter or

thyroid cancer. The management of euthyroid

goiter is still debated. Euthyroid goiter is not a

homogenous clinical entity as regards subclinical

thyroid dysfunction. Up to 80-90% of goiter patients

are considered clinically euthyroid. This incidence

reflects only overt thyroid dysfunction, not sub-

clinical forms. Subclinical thyroid dysfunction and

the balance between the potential benefits (shrinking

the gland) and risk (e.g. L-T4 induced osteopenia)
of treating patients has received attention. The

present study supports the existence of biochemical

subgroups of clinically euthyroid goitrous children.

In our series 66.99% of patients were clinically and

biochemically euthyroid, 29.57% were subclinical

hypothyroid and 3.53% were subclinical hyperthyroid.

The relation between thyroid function and bone mass

has been examined in several cross-sectional and

prospective studies (15-24). To our knowledge,

this is the first study of vertebral bone density in
clinically euthyroid goitrous children regarding

their subclinical dysfunction with or without L-T4

treatment.

Recent studies have suggested that adult patients

receiving chronic L-T4 treatment, particularly those

receiving suppressive L-T4 therapy, have relatively

reduced bone mass (6,15-20, 30). Other authors

have reported that long–term L-T4 therapy has no

adverse effect on mineral density (22-24,31). Leger

et al reported that congenital hypothyroid children
show normal bone mass, confirming the validity of

dose replacement therapy applied thro ughout infancy

133

ORIGINAL ARTICLE



20. Giannini S, Nobile M, Sartori L, Binotto P, Ciuffreda M,
Gemo G, Pelizzo MR, D’Angelo A, Crepaldi G. Bone
density and mineral metabolism in thyroidectomized
patients treated with long-term L-thyroxine. Clin Sci
(Colch) 87: 593-7, 1994.

21. Jodar E, Begona Lopez M, Garcia L, Rigopoulou D,
Martinez G, Hawkins F. Bone changes in pre- and post-
menopausal women with thyroid cancer on levothyroxine
therapy: evolution of axial and appendicular bone mass.
Osteoporos Int 8: 311-6, 1998.

22. Tumer L, Hasanoglu A, Cinaz P, Bideci A. Bone mineral
density and metabolism in children treated with L-
thyroxine. J Pediatr Endocrinol Metab  12: 519-23, 1999.

23. Franklyn JA, Betteridge J, Daykin J. Long-term levo-
thyroxine treatment and bone mineral density. Lancet
340: 9-13, 1992.

24. Marcocci C, Goliz F, Bruno-Bossino G, Vignolli F,
Pinchera A. Carefully monitored levothyroxine suppressive
therapy is not associated with bone loss in premenopausal
women. J Clin Endocrinol Metab  78: 817-22, 1994.

25. Fatourech› V. Subclinical thyroid disease. Mayo Clin
Proc  76: 413-7, 2001.

26. Westwood ME, Butler GE, McLellan AC, Barth JH. The
combined pituitary function test in children: an evaluation
of the clinical usefulness of TRH and LHRH stimulation
tests through a retrospective analysis of one hundred and
twenty six cases. Clin Endocrinol 52: 727-33, 2000.

27. Walker JM, Hughes IA. Test and normal values in
paediatric endocrinology. In: Brook CGD (eds). Clinical
Pediatric Endocrinology 3th edition. Blackwell Science,
London 1995;787.

28. Solomon BL, Warthofsky L, Burman KD. Prevalance of
fractures in postmenopausal women with thyroid disease.
Thyroid 3: 17-23, 1993.

29. Stall GM, Harris S, Sokoll LJ, Dawson-Hughes B.
Accelerated bone loss in hypothyroid patients overtreated
with L-thyroxine. Ann Int Med 113: 265-9, 1990.

30. Raidetti G, Castellan C, Tato L, Platter K, Gentili L,
Adami S. Bone mineral density in children and adolescent
females treated with high doses of L-thyroxine.  Horm Res
39: 127-31, 1993.

31. Leger J, Ruiz JC, Guibourdenche J, Kindermans C,
Garabedian M, Czernichow P. Bone mineral density and
metabolism in children with congenital hypothyroidism
after prolonged L-thyroxine. Acta Pediatr  86: 704-10, 1997.

32. Duncan WE, Chang A, Solomon B, Wartofsky L.
Influence of clinical characteristics and parameters
associated with thyroid hormone therapy on the bone
mineral density of women treated with thyroid hormone.
Thyroid 4: 143-4, 1994.

5. Allain TJ, McGregor AM.  Thyroid  hormones  and  bone.
J Endocrinol 139: 9-18, 1993.

6. Fraser SA, Andersen JB, Smith DA, Wilson GB.
Osteoporosis and fractures following thyrotoxicosis.
Lancet 1: 981-3, 1971.

7. Mundy GR, Shapiro JL, Bandelin JG, Canalis EM, Raisz
LG. Direct stimulation of bone resorption by thyroid
hormones. J Clin Invest 58: 529-34, 1976.

8. Baran DT. Thyroid hormone and bone mass: The
clinician’s dilemma. Thyroid 4: 143-4, 1994.

9. Fallon MD, Perry HM, Bergfeld M, Droke D, Teitelbaum
SL, Aviolo LV. Exogenous hyperthyroidism with osteo-
porosis. Arch Intern Med 143: 442-4, 1993.

10. Compston JE. Thyroid hormone therapy and skeleton.
Clin Endocrinol 39: 519-20, 1993.

11. Sang HT, Claunch BC, Toh SA, Claunch BC, Brown PH.
Effect on hyperthyroidism and its treatment on bone
mineral content. Arch Intern Med 145: 883-6, 1985.

12. Langdahl BL, Eriksen EF. The influence of thyroid
hormones on bone turnover in health and osteopetrosis.
Eur J Endocrinol  139:10-1, 1998.

13. Ross DS, Neer RM, Ridgway EC, Daniels GH. Subclinical
hyperthyroidism and reduced bone density as a possible
result of prolonged suppression of the pituitary- thyroid
axis with L- thyroxine. Am J Med 82: 1167-70, 1987.

14. Faber J, Galloe AM. Changes in bone mass during pro-
longed subclinical hyperthyroidism due to L- thyroxine
treatment: a meta-analysis.  Eur J Endocrinol  130: 350-6,
1994.

15. Hadji P, Hars O, Sturm G, Bzuer T, Emons G, schulz KD.
The effect of long-term, non-supressive levothyroxine
treatment on quantitative ultrasonometry of bone in
women. Eur J Endocrinol 142: 445-50, 2000.

16. Greenspan SL, Greenspan FS, Resnick NM, Block JE,
Friedlander AL, Genand HK. Skeletal integrity in
premenopausal and postmenopausal woman receiving
long–term L- thyroxine therapy. Am J Med 91: 5-14, 1991.

17. Korsic M, Cvijetic S, Dekanic-Ozegovic D, Bolanca S,
Kozic B. Bone mineral density in patients on long- term
therapy with levothyroxine. Lijec Vjesn 120: 103-5, 1998.

18. De Rosa G, Testa A, giacomini D, Carrozza C, Astazi P,
Caradonna P. Prospective study of bone loss in pre- and
post-menopausal women on L-thyroxine therapy for non-
toxic goitre. Clin Endocrinol 47: 529-35, 1997.

19. Affinito, Sorrentino C, farace MJ, di Carlo C, Moccia G,
Canciello P, Palomba S, Nappi C. Effects of thyroxine
therapy on bone metabolism in postmenopausal women
with hypothyroidism. Acta Obstet Gynecol Scand 75:
843-8, 1996.

134

ORIGINAL ARTICLE


