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ARTICLE INFO ABSTRACT
Keywords: The effect of levothyroxine (LT4) therapy for subclinical hypothyroidism (SHypo) on appendicular bone ge-
Levothyroxine ometry and volumetric density has so far not been studied. In a nested study within the randomized, placebo-

Subclinical hypothyoroidism
Peripheral quantitative computational
tomography

Bone geometry

Volumetric bone density

controlled Thyroid Hormone Replacement for Subclinical Hypothyroidism (TRUST) trial, we assessed the ef-
fect of LT4 therapy on bone geometry as measured by peripheral quantitative computed tomography (pQCT). In
the TRUST trial, community-dwelling adults aged >65 years with SHypo were randomized to LT4 with dose
titration vs. placebo with mock titration. We analyzed data from participants enrolled at the TRUST site in Bern,
Switzerland who had bone pQCT measured at baseline and at 1 to 2 years follow-up. The primary outcomes were
the annual percentage changes of radius and tibia epi- and diaphysis bone geometry (total and cortical cross-
sectional area (CSA) and cortical thickness), and of volumetric bone mineral density (bone mineral content
(BMC) and total, trabecular and cortical volumetric bone mineral density (vBMD)). We performed linear
regression of the annual percentage changes adjusted for sex, LT4 dose at randomization and muscle cross-
sectional area. The 98 included participants had a mean age of 73.9 (+SD 5.4) years, 45.9% were women,
and 12% had osteoporosis. They were randomized to placebo (n = 48) or LT4 (n = 50). Annual changes in BMC
and vBMD were similar between placebo and LT4-treated groups, without significant difference in bone ge-
ometry or volumetric bone mineral density changes, neither at the diaphysis, nor at the epiphysis. For example,
in the placebo group, epiphyseal BMC (radius) decreased by a mean 0.2% per year, with a similar decrease of
0.5% per year in the LT4 group (between-group difference in %ABMC 0.3, 95% CI -0.70 to 1.21, p = 0.91).

Abbreviations: SHypo, Subclinical hypothyroidism; TSH, Thyrotropin; FT4, Thyroxine; DXA, Dual energy X-ray absorptiometry; pQCT, Peripheral quantitative
computed tomography; vBMD, Volumetric bone mineral density; TRUST, Thyroid hormone replacement for untreated older adults with subclinical hypothyroidism;
BMC, Bone mineral content; CSA, Cross-sectional area; TBS, Trabecular bone score.
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Compared to placebo, LT4 therapy for an average 14 months had no significant effect on bone mass, bone ge-
ometry and volumetric density in older adults with subclinical hypothyroidism.

Trial registration: The trial was registered on ClinicalTrials.gov numbers NCT01660126 (TRUST Thyroid trial) and
NCT02491008 (Skeletal outcomes).

1. Introduction

Subclinical hypothyroidism (SHypo) is defined as an elevated
thyrotropin (TSH) level with free thyroxine (FT4) within the reference
range [1]. Its prevalence increases with age, reaching >10% in men over
65 years and up to 21% in women over 75 years [1,2]. Even though
levothyroxine (LT4) replacement therapy of SHypo with TSH <10.0
mlU/L is controversial particularly in older adults [3,4], many patients
receive LT4, making it among the most prescribed drugs in the USA [5].

High thyroid hormone levels due to subclinical and overt hyper-
thyroidism (or overuse/overdosing of LT4) are associated with increased
fracture risk [6-8], and the association may be stronger for FT4 than for
TSH [6,9-11]. Thyroid hormones stimulate bone turnover by acting
directly and indirectly on osteoclasts and osteoblasts, leading to bone
mineral loss [12-15]. A direct effect of TSH itself has also been postu-
lated [11,16]. In earlier small trials, either no effect, or a non-significant
deleterious effect of LT4 on bone was observed [17-19]. TRUST (Thy-
roid Hormone Replacement for Untreated Older Adults with Subclinical
Hypothyroidism) was a multicenter, international, double-blind paral-
lel-group randomized controlled trial (RCT) of LT4 versus placebo [20].
In a recently published analysis of 196 TRUST patients, LT4 did not lead
to lower areal bone mineral density measured by dual energy X-ray
absorptiometry (DXA) [21]. However this analysis did not examine the
individual bone compartments or the effects of weight-bearing on bone
geometry and volumetric density.

Peripheral Quantitative Computed Tomography (pQCT) is a three-
dimensional measuring technique that allows the assessment of cross-
sectional bone geometry and volumetric bone mineral density (vBMD)
independent of bone size. This is in contrast to two-dimensional methods
like DXA [22]. Compared with DXA, assessment of bone geometry by
PQCT allows accurate determination of the specific effect of LT4 on
cortical and trabecular bone, the volumetric density of these compart-
ments, and changes in internal and external bone circumference. So far,
only little is known about the effect of TSH on bone geometry and vBMD:
TSH-Suppressive LT4-Treatment in patients with thyroidectomy may
leads to detrimental effects on appendicular bone [23], but long-term
LT4-treatment within physiological limits seems to only minimally in-
fluence areal bone density [24]. High TSH levels have been shown to
increase the risk for fractures [9] and to decrease cortical [10] rather
than trabecular bone, and may impact bone quality. Data on vBMD and
bone geometry are very limited, as most studies present either no in-
formation on bone density, or only use two-dimensional methods such as
DXA. Of interest, a selective negative bone effect on radius but not tibia
was stated by continuously elevated PTH with alteration of geometry,
volumetric density, and both trabecular and cortical microarchitecture
[25]. This deterioration of microarchitecture bone density and micro-
architecture at peripheral sites was found to be a predictor of fracture
risk in postmenopausal women [26]. To date, no such study has explored
the impact of subclinical hypothyroidism and the effect of LT4 on
appendicular bone geometry and volumetric density. Thus, our objec-
tives were to examine the effects of LT4 in hypothyroid patients on
radius and tibia and in particular on geometry and volumetric density,
which might offer new insights on bone protective effect in architecture
and resulting fracture risk.

2. Methods
2.1. Study population

This nested study focused on the skeletal outcomes of TRUST par-
ticipants (clinicaltrials.gov NCT02491008, NCT01660126) who had
PQCT measurements [20]. Community-dwelling individuals aged >65
years with persistent SHypo were included, as detailed before [20]. In
short, persistent SHypo was diagnosed by elevated TSH levels (>4.6 and
< 19.9 mIU/L) at two measurements at least 3 months apart, and FT4
levels within the assay reference range. Exclusion criteria were prior use
of LT4, antithyroid, amiodarone or lithium treatment within 12 months
before enrollment, thyroid surgery or radio-iodine, severe acute
comorbidities, dementia, terminal illness or galactose intolerance [20].
For this study, we included participants from Bern, Switzerland, of the
TRUST trial who had pQCT measurements at baseline and follow-up at 1
or 2 years. The pQCT measurements were started later after funding of
this nested study (Fig. 1).

The trial was approved by the local ethics committee, and written
informed consent was obtained from all participants. The trial was
conducted in accordance with the principles of the Declaration of Hel-
sinki and Good Clinical Practice guidelines.

2.2. Intervention

As previously described [20], participants were randomized 1:1 to
placebo or LT4, with stratification according to country, sex and starting
dose of LT4 using randomly permuted blocks. Treatment started with 50
ug daily (25 pg in individuals <50 kg body weight or with known cor-
onary heart disease) of LT4 or the corresponding placebo. The dose was
titrated according to target TSH levels >0.4 and <4.6 mIU/L in the LT4
arm, and a computerized mock titration was used in the placebo arm to
ensure blinding. The intervention resulted in a significant reduction in
TSH levels after 6-8 weeks and after 12 months (p < 0.001), resulting in
normalization in the levothyroxine group (mean 3.63 mIU/l, SD 2.11
mlU/1) compared to placebo (5.48 mIU/1, SD 2.48 mIU/1) at 12 months.
The average dose of levothyroxine at 1 year was 50 pg.

2.3. Clinical data

Baseline age, sex, current smoking and alcohol consumption, history
of osteoporosis and diabetes mellitus, and all ongoing treatments were
recorded. Bone-affecting treatments were classified in two categories
[21]. Beneficial treatments included anti-osteoporotics (raloxifene,
bisphosphonates, denosumab or teriparatide), hormonal replacement
therapy, and hydrochlorothiazide. Treatments with known deleterious
bone effects included systemic or topical glucocorticoids, proton pump
inhibitors, aromatase inhibitors, serotonin recapture inhibitors, and
antiepileptic treatments.

2.4. pQCT measurements

pQCT measurements were performed using a Stratec XCT 3000
scanner following the manufacturer's instructions and software (XCT
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6.00 B, Stratec Medizintechnik, Pforzheim, Germany) [22]. This was
calibrated with respect to water and the manufacturer's phantom, which
is calibrated to the European Forearm Phantom (Erlangen, Germany).
The measurements of the radius were performed on the non-dominant
side, the measurements on the tibia on the contralateral leg. For radial
measurements, the ulnar length was measured to the nearest 5 mm with
a measuring tape from the olecranon to the ulnar styloid; the radial
length was set equal to the measured ulnar length. Tibial length was
measured from the medial knee joint cleft to the end of the medial
malleolus. A scout view was acquired by the pQCT machine and the
automated detection algorithm was used to place the reference line at
the distal bone end. According to the manufacturer's recommendations,
measurements were performed at 4% (epiphyseal) and 66% (diaphy-
seal) of the bone's total length measured from the reference line. Slice
thickness was 2.2 mm, voxel size was set as 0.5 mm with a scanning
speed of 20 mm/s.

2.4.1. Epiphyseal scans

A contour algorithm using a threshold of 180 mg/cm?® (contour mode
1 and peel mode 1) traced the periosteal surface of the epiphysis of each
bone. Bone mineral content (BMC) per cm slice thickness, total cross-
sectional area (CSA) and total volumetric bone mineral density
(vBMD) were determined. Concentric pixel layers where then digitally
peeled off until a central area covering 45% of the total bone CSA was
left, from this central area, trabecular BMD was determined.

162 randomized TRUST
participantsin Bern, Switzerland

» - withdrawal: 13

Bone 161 (2022) 116404

2.4.2. Diaphyseal scans

The threshold was set to 280 mg/cm?, and BMC and total CSA were
calculated as described above. For cortical bone, the threshold was 710
mg/cm3 (contour and peel mode 1), so that cortical CSA and BMD could
be calculated. Cortical thickness was calculated on the assumption that
the bone shaft is cylindrical from total CSA (including bone marrow and
cortical CSA). Muscle CSA was determined by selecting an area with
upper and lower thresholds of 280 mg/cm® and 40 mg/cm? respectively
with contour mode 3 and peel mode 1. For subtracting the bone area,
contour mode 1 and peel mode 2 were used.

2.5. Outcomes

Defined outcomes in bone parameters at the radius and tibia (epi-
and diaphysis) were yearly changes (in percentage) of bone mineral
content (BMC), total and cortical cross-sectional area (CSA), volumetric
bone mineral density (vBMD) (total, trabecular and cortical) and
cortical thickness.

2.6. Statistical analyses

For categorical variables, we calculated the number of participants
and percentage, and for continuous variables we calculated the mean
and standard deviation (SD). We assumed the baseline values of bone
geometry (i.e. CSA) to be 100%. We then expressed the follow-up values

17 excluded participants

) 4

145 included TRUST participants
in Bern, Switzerland

- death:4

47 excluded participants
- included before start of the
bone substudy: 34

v
98 participants with pQCT data
- 78 with follow-up after 1y
- 20 with follow-up after 2y

- no pQCT measurement: 11
- technical problems: 2

Fig. 1. Study flow chart.
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as percentage of baseline for each participant, and calculated the ab-
solute difference in % (follow-up — baseline). We then divided this value
by the follow-up duration expressed in years (as 78 participants had
follow-up pQCT assessment after 1 year, 20 after 2 years). This resulted
in yearly changes expressed as percentage of baseline (i.e. %ABMC, %A
totalCSA, %AtotalBMD, %AtrabBMD). Between-group comparisons
(placebo — LT4) on the change between follow-up and baseline values
and significance (p-values) were calculated using linear regression,
adjusted for sex, starting dose of LT4 and muscle CSA at site of mea-
surement (muscle mass at site of measurement influences bone density).
In addition, we further adjusted the linear regression model for BMI, age
and deleterious medications (i.e., proton pump inhibitors, systemic or
topic glucocorticoids, aromatase inhibitors, serotonin recapture in-
hibitors, antiepileptic treatments) in a secondary analysis.

47 participants per group were needed to obtain 80% power, at a
least significant difference (LSD) for the tibia of 0.7-1.7% (coefficient of
variability) and 0.8-3.7% for the radius. Statistical significance was
considered for p-values <0.05. All analyses were performed using Stata
version 16 (StataCorp, College Station, TX).

3. Results

In total 98 participants had baseline and follow-up pQCT measure-
ments (Fig. 1); 78 participants had pQCT after 1 year, 20 participants
after 2 years of follow-up, due to the early closure of the study. The mean
age at inclusion was 74.0 (SD 5.4) years, 45.9% were women (Table 1).
48 patients were included in the placebo group, 50 in the treatment

Table 1
Baseline characteristics of included participants, by treatment group.
Placebo Levothyroxine
Sample size 48 50
Female 19 (39.6) 26 (52.0)
Age (years) 74.0 £ 5.8 741+ 49
Weight (kg) 76.5 + 15.8 75.9 + 15.2
Height (cm) 166.8 + 8.1 166.4 + 9.7
BMI (kg/mz) 27.4 £ 48 27.4 £ 5.0
Current smoking 6 (12.5) 2 (4.0)
Excess alcohol consumption 2(4.2) 2 (4.0)
TSH (mlU/L)
Baseline 6.1 +1.5 6.3 +2.0
Median (IQR) 5.5 (5.2-6.8) 5.7 (5.1-6.8)
Range 4.6-11.8 4.6-16.8
Free T4 (pmol/L) 143+ 1.7 14.0 £ 2.1
Osteoporosis history 6 (12.0) 6 (12.0)
Diabetes history 5(10.0) 6 (12.0)
Calcium supplemented 1(2.0) 2 (4.0)
Vitamin D treatment 6 (12.0) 11 (22.0)
Bone affecting medication
Anti-osteoporotic or HRT 1(2.0) 0 (0.0)
HCTZ 0(0.0) 0(0.0)
Systemic GC 0 (0.0) 0(0.0)
Potentially deleterious 5(10.0) 1(2.0)
Forearm muscle CSA (cmz) 3325 + 934 2982 + 841
Lower leg muscle CSA (cm?) 7189 + 1480 6555 + 1322

Results are expressed as mean =+ standard deviation for continuous variables and
as number of participants (percentage) for categorical variables. LT4: Levo-
thyroxine. BMI: body mass index. Excess alcohol consumption: more than 2 units
per day. Anti-osteoporotic treatments: raloxifen, bisphosphonates, denosumab
or teriparatide. HRT: hormonal replacement therapy. HCTZ: hydrochlorothia-
zide. GC: glucocorticoids. Deleterious: proton pump inhibitors, systemic or topic
glucocorticoids, aromatase inhibitors, serotonin recapture inhibitors, antiepi-
leptic treatments. CSA: cross-sectional area.
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group. There were no significant differences between groups except for
sex and lower leg CSA. There were 19 (39.6%) women in the placebo,
and 26 (52%) women in the LT4 group; the mean lower leg CSA was
7189 mm? in the placebo and 6555 mm? in the LT4 group. The pQCT
measurements were similar between the placebo and LT4 groups at
baseline (Table 2).

Specific pQCT changes between baseline and follow-up are shown in
Table 2. There was a trend to significance in cortical BMD (p = 0.06), but
no significant differences could be shown between placebo and LT4
groups in any measurement. Unadjusted analyses were similar (data not
shown). Further adjustments for age, BMI and deleterious medication
showed no significant differences between groups (Appendix Table 1).

4. Discussion

Our RCT did not show any effect of LT4 on bone geometry or vBMD,
as assessed by pQCT in community-dwelling adults aged >65 with
SHypo. Our study is the largest randomized controlled trial for SHypo
treatment to date that included serial pQCT measurements. No other
study has analyzed SHypo treatment effect on epi- and diaphyseal bone
geometry of radius and tibia.

Our results are concordant with previous studies by DXA measure-
ments where no effect on bone density or trabecular bone score (TBS)
was found [17,18,21]. Meta-analyses on the association between SHypo
and fracture risk [6,27] or BMD [27,28] showed no difference in
observed results, but did not analyze outcomes specifically for treated
Shypo. Only the double-blinded randomized controlled trial by Meier
et al. reported a statistically but not clinically significant excess BMD
loss of 1.3% (95% CI -2.9 to 0.5) [19] at the lumbar spine with treatment
compared to placebo in 66 women.

For the assessment of bone geometry using pQCT, a negative change
(placebo — LT4) for % ABMD, %A cortical thickness, %A cortical CSA and
%ABMC would indicate protection by LT4, a negative change of %A
total CSA total would indicate a deleterious effect of LT4 on bone.
Increased total CSA due to periosteal apposition is regarded as
compensation of cortical thinning, since cortical thinning reduces bone
strength and leads to lower bending and torsional strength, and thus
lower bone stability [22]. Data on vBMD and bone geometry changed by
thyroid hormone status are scarce. One study found no effect of LT4 in
thyroidectomy patients on bone density and geometry [29], another
study found no effect of suppressive LT4 in young patients with thyroid
carcinoma [30]. On the other hand, one study found an association of
higher levels of thyroid hormones and less favourable volumetric bone
density and geometry in healthy males [31], while Tournis et al. found
adverse effects on trabecular and cortical bone [32], especially in non-
weight bearing sites (such as the radius) in postmenopausal women in
TSH-suppressive LT4 therapy in patients with thyroid carcinoma. Nic-
olaisen et al. found compromised microarchitecture of radius and tibia
in hyperthyroid women [33], which was improved after restoration of
euthyroidism, and similar improvements in bone geometry were
observed for hypothyroid women when restored to euthyroidism [34].

As those results are conflicting and some studies only analyzed a very
small number of patients, our results add valuable information. They are
in line with the majority of studies that found no effect on bone density
by LT4 in SHypo [17,18,21].

Besides its double-blind RCT design, a strength of our study is the
adequate sample size to detect even small relevant changes in bone
geometry, as indicated by narrow CI, which exclude clinically mean-
ingful differences. As we calculated yearly changes for each patient, we
were able to include a sufficient number of participants in each group as
specified in the power calculation, achieving 48 patients (placebo) and
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Table 2
Baseline, follow-up and yearly change in pQCT measurements by groups.
Placebo LT4 Adjusted between-group p-Value
Mean (SD) Mean (SD) difference (95% CI)
(n=48) (n =50)
Radius at 4% (epiphysis)
BMC
Baseline (g/cm) 1.4 (0.49) 1.2 (0.4)
Follow-up (g/cm) 1.4 (0.4) 1.2 (0.49)
Yearly change (%) -0.2(2.3) —0.5(2.5) 0.2 (—4.3; 3.8) 0.91
Total CSA
Baseline (g/cm) 400.2 (80.9) 378.9 (80.2)
Follow-up (g/cm) 403.5 (78.9) 380.1 (80.2)
Yearly change (%) 0.5 (4.2) 0.3 (4.8) 2.3 (-5.4; 10.0) 0.56
Total BMD
Baseline (g/cm) 341.4 (61.5) 324.9 (69.7)
Follow-up (g/cm) 339.4 (66.1) 322.5 (69.3)
Yearly change (%) —0.6 (3.2) —0.7 (3.8) 2.5(-8.4; 3.5) 0.41
Trabecular BMD
Baseline (g/cm) 201.7 (43.2) 189.1 (55.8)
Follow-up (g/cm) 202.6 (42.6) 189.1 (55.5)
Yearly change (%) 0.4 (2.7) -0.1 (3.1) 2.7 (-2.2; 7.6) 0.28
Radius at 66% (diaphysis)
BMC
Baseline (mmz) 1.0 (0.3) 1.0 (0.3)
Follow-up (mm?) 1.1 (0.3) 1.0 (0.3)
Yearly change (%) —0.6 (1.6) -0.9 (2.1) 0.1(-3.1;3.2) 0.97
Total CSA
Baseline (mm?) 160.3 (36.0) 159.2 (41.1)
Follow-up (mm?) 160.2 (35.8) 159.6 (41.8)
Yearly change (%) —-0.0 (2.4) 0.2 (3.2) -2.1 (-1.7; 5.9) 0.27
Cortical CSA
Baseline (mg/cmB) 82.6 (22.1) 76.5 (23.2)
Follow-up (mg/cms) 81.9 (22.1) 75.8 (24.0)
Yearly change (%) -1.0 (2.4) -1.2(3.8) 2.5 (—6.6; 1.7) 0.24
Cortical BMD
Baseline (mg/cms) 1102.4 (56.0) 1097.5 (60.8)
Follow-up (mg/cms) 1102.8 (55.5) 1093.6 (59.9)
Yearly change (%) 0.0 (0.7) -0.3(1.1) 1.4 (-0.1; 2.9) 0.06
Cortical thickness
Baseline (mm) 3.8 (0.7) 3.8 (0.7)
Follow-up (mm) 2.2 (0.5) 2.0 (0.6)
Yearly change (%) -1.2(2.5) -1.333.7) 42(-94,1.1) 0.12
Tibia at 4% (epiphysis)
BMC
Baseline (g/cm) 3.5(0.8) 3.4(0.9)
Follow-up (g/cm) 3.5 (0.8) 3.3 (0.9)
Yearly change (%) -0.2(1.7) -0.9 (1.9 0.0 (-3.1; 3.0) 0.99
Total CSA
Baseline (g/cm) 1210.5 (221.6) 1204.3 (170.5)
Follow-up (g/cm) 1201.9 (175.6) 1203.9 (222.3)
Yearly change (%) —0.4 (2.8) -0.5(2.2) 1.1 (-3.2;5.4) 0.62
Total BMD
Baseline (g/cm) 292.0 (53.8) 276.7 (49.2)
Follow-up (g/cm) 293.0 (55.0) 275.7 (49.9)
Yearly change (%) 0.3 (2.1) -0.3(1.6) 1.1 (-4.3; 2.0) 0.47
Trabecular BMD
Baseline (g/cm) 221.7 (41.6) 213.0 (44.2)
Follow-up (g/cm) 221.8 (40.7) 211.8 (45.3)
Yearly change (%) 0.0 (2.1) —0.6 (1.8) 0.6 (—2.7; 3.9) 0.74
Tibia at 66% (diaphysis)
BMC
Baseline (mm?) 4.0 (0.8) 3.9(0.8)
Follow-up (mm?) 4.0 (0.8) 3.9 (0.8)
Yearly change (%) —0.3(0.8) —0.6 (0.9) 0.2(-1.2;1.6) 0.79
Total CSA
Baseline (mm?) 672.0 (140.5) 659.9 (125.2)
Follow-up (mm?) 671.2 (140.8) 660.7 (127.7)
Yearly change (%) —-0.1(1.6) 0.0 (1.1) —0.3 (—2.0; 2.6) 0.80
Cortical CSA
Baseline (mg/cms) 300.8 (57.8) 296.4 (62.2)
Follow-up (mg/cms) 299.2 (58.8) 293.4 (62.6)
Yearly change (%) —-0.5(1.3) -0.9 (1.6) 1.3(-3.8;1.1) 0.29
Cortical BMD
Baseline (mg/cms) 1088.0 (37.1) 1094.2 (36.2)
Follow-up (mg/cm®) 1087.8 (38.4) 1092.7 (36.0)
Yearly change (%) —0.0 (0.6) —0.1 (0.5) 0.1 (-0.8;1.0) 0.82

(continued on next page)
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Placebo LT4 Adjusted between-group p-Value
Mean (SD) Mean (SD) difference (95% CI)
(n=48) (n = 50)
Cortical thickness
Baseline (mm) 3.8 (0.7) 3.8 (0.7)
Follow-up (mm) 3.8 (0.7) 3.7 (0.7)
Yearly change (%) -0.5(2.2) -1.1(2.1) 1.7 (-5.3;1.8) 0.34

LT4: Levothyroxine. 4%: Epiphyseal pQCT scans. 66%: Diaphyseal pQCT scans. BMC: Bone mineral content per cm slice thickness.
CSA: Cross-sectional area. BMID: volumetric bone mineral density. For baseline and follow-ups mean absolute values with standard
deviation (SD) are presented. Mean yearly changes were calculated per patient and are presented as mean of change in % (SD) by
assuming baseline is 100%, difference between groups expressed as absolute difference in % per year (95% CI) to make different

lengths of follow-up comparable.

" Calculation for the differences was Placebo minus LT4- derived by a linear regression model adjusted by sex, LT4 starting
dosage and muscle CSA at location. Negative values of the difference indicate a larger change in LT4-, and positive values indicate

a larger change in the placebo group.

50 patients (levothyroxine), thus reaching the 47 participants per group
required by the sample size calculation. Our study has limitations. First,
we might have been limited by the short follow-up period, although it
was the longest blinded trial to date. Second, the sample size was not
sufficient for subgroup analyses regarding TSH levels. In our study, TSH
target values were <4.6 mU/L as proposed for older persons [35] and by
study design [20], while there are different expert opinions [36] we
cannot exclude that attaining lower TSH values might have a deleterious
effect on bone health. Third, we have not done statistical adjustment of
significance levels regarding the multiple outcomes, but we did not find
any significant outcomes with p < 0.05. Fourth, there was a baseline
difference between groups regarding lower leg CSA might be explained
by the slightly different proportion of female participants in the two
groups and was accounted for by inclusion of sex as a covariate in the
linear regression.

For clinical implications, our results are reassuring in the context of
the large number of individuals with SHypo treated with LT4. Only a
large long-term, placebo-controlled trial would definitively determine if
treatment of SHypo adversely affects bone health. Until long-term safety
is ascertained, we suggest that physicians who wish to treat SHypo in
their older patients prescribe the lowest LT4 dose required to achieve a
clinical response and keep TSH within the reference range.
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Appendix
Appendix Table 1
Sensitivity analysis for differences between groups adjusted for potential confounding factors.
Adjusted for Difference between groups (95% CI) of yearly changes’
Age BMI Deleterious medication
Radius at 4% (epiphysis)

BMC —0.1 (-4.1; 3.9) —0.2(—4.3;3.9) —0.2(—4.3;3.9)

Total CSA 2.4 (-5.2; 10.0) 2.3 (-5.4;10.0) 2.1 (-5.6;9.8)

Total BMD —2.6 (—8.5; 3.4) —2.5(-8.5; 3.5) —2.3(-8.2;3.6)

Trabecular BMD 2.7 (-2.2;7.6) 2.7 (-2.2;7.6) 2.7 (—2.2;7.6)

Radius at 66% (diaphysis)

BMC 0.1 (-3.1;3.2) 0.0 (-3.1; 3.2) —0.1 (-3.2;3.1)

Total CSA 2.0(-1.7;1.4) 2.1(-1.7;5.9) 2.0 (-1.5;1.5)

Cortical CSA —2.4(-6.4,1.7) —2.5(-6.7; 1.6) —2.4(-6.6;1.7)

Cortical BMD 1.4 (-0.1; 2.9) 1.4 (-0.1; 2.9) 1.4 (-0.1; 2.9)

Cortical thickness —-4.1(-9.2;1.1) —4.2 (-9.5; 1.1) —4.0(-9.3;1.2)

Tibia at 4% (epiphysis)

BMC —0.1 (-3.1; 3.0) 0.1 (-2.9;3.1) 0.0 (-3.1; 3.1)

Total CSA 0.2 (-1.6; 2.0) 1.2(-3.1;5.5) 1.2(-3.2;5.5)

Total BMD —1.2(—4.3; 2.0) —1.1(—4.3;2.0) -1.2(-4.3;1.9)

Trabecular BMD 0.5(-2.8; 3.8) 0.6 (—2.7; 3.9) 0.5(-2.8; 3.8)

Tibia at 66% (diaphysis)

BMC 0.2(-1.2;1.6) 0.2(-1.2;1.6) 0.2 (-1.3;1.6)

Total CSA 0.3(-2.2;2.6) 0.3 (—2.0; 2.6) 0.2 (—2.1; 2.5)

Cortical CSA -1.3(-3.8;1.2) -1.3(-3.8;1.2) -1.2(-3.7; 1.2)

Cortical BMD 0.1 (-0.8;1.0) 0.1 (-0.8;1.0) 0.1 (—0.8;0.9)

Cortical Thickness -1.7 (-5.3; 1.8) -1.7 (-5.2; 1.9) -1.6 (-5.1; 1.9)

LT4: Levothyroxine. 4%: Epiphyseal pQCT scans. 66%: Diaphyseal pQCT scans. BMC: Bone mineral content per cm slice thickness.
CSA: Cross-sectional area. BMD: volumetric bone mineral density.

Change after treatment presented as change in % with 95% CI. There were no significant p-values (not shown). We displayed the
mean absolute difference in % per year (taking into account the varying follow-up durations). Calculation for the differences was
placebo minus LT4 derived by a linear regression model adjusted by sex, LT4 starting dosage and muscle CSA at location and the
additional adjustment mentioned in the header. Negative values of the difference indicate a larger change in LT4, and positive values
indicate a larger change in the Placebo group. An increase for BMC, BMD (Total, cortical, trabecular) and cortical thickness is
considered beneficial, an increase CSA (total and cortical) is considered deleterious.
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