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Abstract 

Purpose: Fracture risk in hypothyroid patients is debated, and since the effects of hypothyroidism on 

bone microarchitecture and strength are unclarified, we investigated these characteristics by High-

Resolution peripheral Quantitative Computed Tomography (HR-pQCT). 

Methods: Two approaches were used: a cross-sectional control study, comparing 32 hypothyroid 

women (mean age; 47±12 years) suffering from Hashimoto’s thyroiditis with 32 sex-, age- and 

menopause-matched healthy controls; a prospective study, where 27 of the women were re-examined 

one year after restoration of euthyroidism. HR-pQCT of the distal radius and tibia, and dual energy 

X-ray absorptiometry (DXA) of the spine and hip were performed. Bone strength was estimated using 

a finite element analysis (FEA). 

Results: Cross-sectional control study: In the radius, total (mean 14.6±29.3% (SD); p=0.04) and 

trabecular bone areas (19.8±37.1%, p=0.04) were higher, and cortical volumetric bone mineral 

density (vBMD) lower (-2.2±6.5%, p=0.032) in hypothyroid patients than in controls. All indices of 

tibia cortical and trabecular vBMD, microarchitecture, and estimated bone strength were similar 

between groups, as was hip and spine areal BMD (aBMD). Prospective study: In the radius, mean 

cortical ( -0.9±1.8%, p=0.02) and trabecular (-1.5±4.6%, p=0.02) vBMD decreased, and cortical 

porosity increased (18.9±32.7%, p=0.02). In the tibia, mean total vBMD (-1.1±1.9%, p=0.01) and 

cortical vBMD (-0.8±1.4%, p=0.01) decreased, while cortical porosity (8.2±11.5%, p=0.002) and 

trabecular area (0.2±0.6%, p=0.047) increased. No changes in FEA were detected. Lumbar spine 

aBMD decreased (-1.3±3.0%, p=0.04).  

Conclusions: Hypothyroidism was associated with an increased trabecular bone area and a lower 

mineral density of cortical bone in the radius, as assessed by HR-pQCT. Restoration of euthyroidism 

mainly increased cortical porosity, while estimated bone strength was unaffected. 
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Introduction 1 

In Denmark, the lifetime risk of hypothyroidism is 2.7% [1], and the condition has been linked 2 

to somatic as well as psychiatric morbidities [2,3] and increased mortality [4-6]. The thyroid 3 

hormones, triiodothyronine (T3) and thyroxine (T4), are essential for maintenance of skeletal bone 4 

strength in adults [7,8]. Earlier studies on the effects of hypothyroidism on the skeleton showed the 5 

duration of osteoclastic bone resorption phase extended by two-fold, and the osteoblastic bone 6 

formation phase and the secondary bone mineralization phase prolonged up to four-fold [9]. Overall, 7 

this decrease in bone turnover causes an accumulation of bone, especially in the outer (cortical) bone 8 

compartment [10,11], while areal bone mineral density (aBMD), assessed by dual energy X-ray 9 

absorptiometry (DXA). seems to be preserved in patients with hypothyroidism [12]. Despite the 10 

accumulation of bone, some studies [13,14], but not all [15], have found that patients with overt 11 

hypothyroidism carry an increased risk of bone fractures. It is unknown to what extent this is related 12 

to a decrease in bone strength - in theory caused by hypermineralized bone or an accumulation of 13 

bone micro-fractures with inadequate bone remodeling - or is a consequence of an increased 14 

frequency of falls related to hypothyroidism per se or accompanying co-morbidities [13].  15 

Similar to bone mass, microarchitecture, previously studied by bone biopsy, is a determinant 16 

of bone strength. With the advent of High Resolution peripheral Quantitative Computed Tomography 17 

(HR-pQCT), non-invasive three-dimensional evaluation of bone microarchitecture of the distal radius 18 

and tibia, as well as estimates of bone strength, have become available. Emphasizing the importance 19 

of bone microarchitecture for skeletal strength, recent studies showed that bone microarchitecture 20 

indices obtained by HR-pQCT discriminate patients with fractures from those without fractures, 21 

independently of differences in aBMD [16].  22 

Effects of hypothyroidism on bone microarchitecture are not well established, and no 23 

longitudinal studies, using HR-pQCT, have examined the effects of treatment for hypothyroidism in 24 

Hashimoto’s thyroiditis on bone microarchitecture. Thus, the objectives of this study were to examine 25 
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bone microarchitecture and estimate bone strength, based on HR-pQCT, in patients with Hashimoto’s 26 

thyroiditis in comparison to healthy control subjects, and to evaluate the effects of restoration of 27 

euthyroidism. 28 

 29 

Materials and Methods 30 

Study design and participants 31 

Our study was conducted at the Department of Endocrinology, Odense University Hospital, 32 

Denmark, between May 2011 and June 2016. Female patients between 20 and 85 years of age referred 33 

to our clinic were invited to participate. Inclusion criteria were newly diagnosed autoimmune 34 

thyroiditis, defined by positive thyroid peroxidase or thyroglobulin antibodies and overt (plasma TSH 35 

above the reference range of 0.3-4.0 mIU/L and total T4 below the reference range, i.e. 60-130 36 

nmol/L) or mild hypothyroidism (plasma TSH above and total T4 within the reference ranges). 37 

Exclusion criteria were pregnancy beyond 12 weeks of gestation during the study period; treatment 38 

with oral glucocorticoids; reduced kidney function (i.e. serum creatinine above the reference range 39 

of 45-90 μmol/L); known osteoporosis or treatment with anti-osteoporotic agents, or diseases 40 

affecting bone metabolism. Use of oral contraceptives containing estradiol was allowed. Ongoing 41 

vitamin D supplementation continued during follow-up, while initiation or discontinuation of such 42 

supplements during the study period led to exclusion. 43 

The patients received routine clinical care of their thyroid disorder. If not initiated by the 44 

referring physician, the patients were routinely started on levothyroxine (LT4) treatment at study 45 

enrollment. The LT4 dose was adjusted during the study period aiming at a plasma TSH within the 46 

reference range. The first study visit took place a few weeks after the study enrollment. The patients 47 

were reexamined (second study visit) after euthyroidism had been achieved for at least 12 months. 48 

Control subjects, matched for age, sex, and menopausal status were used for comparison in the 49 

cross-sectional part of the study. The control subjects participated in a separate study examining age- 50 
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and sex-related changes of bone microarchitecture in an adult population [17]. These subjects were 51 

randomly selected from the general population and examined once, during the same time period, 52 

using the same equipment and a similar setup as that used in the patients. 53 

Height, without shoes, was measured to the nearest 0.1 cm. Body weight, wearing indoor 54 

clothes, was measured to the nearest 0.1 kg. Body mass index (BMI) was calculated as body weight 55 

divided by the square of the height (kg/m2). 56 

 57 

Blood samples 58 

At the first (baseline) and second (follow-up) study visits, fasting blood samples were drawn 59 

and stored at -20º C for later analyses. From these samples, plasma levels of TSH, free T3 (reference 60 

range: 4.0-6.8 pmol/L), free T4 (10.0-22.0 pmol/L), and 25-hydroxyvitamin D (25-OHD) (50.0-160.0 61 

nmol/L) were analyzed after study completion, using a two-site chemiluminescent immunometric 62 

assay on Cobas® 8000 (Roche Diagnostics, Basel, Switzerland). The coefficients of variation (CV) 63 

for TSH was 8.3% and 4.2% at levels of 0.084 mlU/L and 11.3 mlU/L, respectively; for free T3, 2.1% 64 

and 2.0% at levels of 5.75 pmol/L and 14.0 pmol/L, respectively; for free T4, 7.1% and 4.4% at levels 65 

of 17 pmol/L and 33 pmol/L, respectively; and for 25-OHD, 5.1% and 5.7% at levels of 53 nmol/L 66 

and 106 nmol/L, respectively.  67 

 68 

Dual energy X-ray absorptiometry (DXA)  69 

DXA (Discovery, Hologic, Waltham, MA, USA) was used to measure areal BMD of the lumbar 70 

spine (L1-L4) and the total hip region. In our unit, the CV for measurements is 1.5% at each of these 71 

anatomical sites.  72 

 73 

High-Resolution peripheral Quantitative Computed Tomography (HR-pQCT)  74 
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Bone geometry, volumetric bone mineral density (vBMD), microarchitecture, and estimated 75 

bone strength of the non-dominant distal radius and tibia were assessed using HR-pQCT (XtremeCT, 76 

Scanco Medical, Brüttisellen, Switzerland). The scan procedure and image evaluation have 77 

previously been described in detail [18]. In short, the region of interest (ROI) was positioned with a 78 

9.5 mm and 22.5 mm offset from the radius and tibia endplates, respectively, and extended 79 

proximally, providing a total scan length of 9.02 mm. Each 3D segment consists of 110 2D slices 80 

with an isotropic 82 µm voxel size. The most distal slice was immediately viewed by the operator for 81 

motion artefacts (e.g. blurring or cortical discontinuities), and in such cases up to two repeat 82 

acquisitions at each site were performed. A matching procedure, based on changes in bone area 83 

throughout the scan region, was applied to ensure identical ROI at baseline and follow-up. 84 

Standard evaluation software provided by the manufacturer was applied with extraction of the 85 

following variables, as summarized in Table 1: total, cortical, and trabecular area, trabecular vBMD, 86 

trabecular bone volume per tissue volume (BV/TV), trabecular number (Tb.N), trabecular thickness 87 

(Tb.Th) and trabecular separation (Tb.Sp). An extended cortical bone analysis was also performed, 88 

enabling measurements of cortical thickness (Ct.Th), and cortical porosity (Ct.Po) [19]. The 89 

separation of the cortical and trabecular regions was checked on a slice-by-slice basis by two of the 90 

authors (M.L.O or P.N.), and corrections were performed where necessary, as recommended by the 91 

manufacturer. The inter-observer CV was 0.6% for evaluation of the cortical thickness and 4.2% for 92 

the cortical porosity, respectively. Finally, a finite element analysis (FEA) solver, using software 93 

provided by the manufacturer (µFE Element Analysis Solver v.1.15; Scanco Medical, Brüttisellen, 94 

Switzerland), was employed to estimate bone strength (failure load). In our unit, the CVs are in the 95 

range of 0.4-0.8% for densities, 1.0-7.2% for extended cortical measures, 3.5-5.0% for trabecular 96 

microarchitecture parameters, and 1.2-1.7% for failure load [20].  97 

 98 

Statistical analyses 99 
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Data are presented as mean ± standard deviation (SD) if normally distributed, and median 100 

[interquartile range] in case of non-normality. Baseline data and between-group differences were 101 

quantified using a Wilcoxon rank-sum test, student t-test, or Fisher’s exact test, as appropriate. In the 102 

cross-sectional control study, a multiple regression analysis was performed to explore the influence 103 

of body weight. The assumptions for the linear regression models were checked using histograms and 104 

normal probability plots of residuals. If assumptions were violated, a box-cox regression analysis 105 

guided the transformation of the dependent variable.  106 

Two sensitivity analyses were performed using Wilcoxon rank-sum test or student t-test, as 107 

appropriate. In order to explore the impact of 25-OHD at the first study visit, the patients were divided 108 

into two groups, according to the median 25-OHD level among the patients. Similarly, patients were 109 

divided into two groups according to the TSH level being below or above the upper reference limit 110 

at the first study visit. 111 

The study was designed to detect a 10% change in BV/TV with 80% power, and with a 112 

significance level of 95%. To achieve this, at least 20 patients had to be included. The sample size 113 

calculation was based on changes in BV/TV assessed by histomorphometric bone biopsy analysis in 114 

hyperthyroid patients before and following treatment [21]. 115 

All p-values are two-sided and considered statistically significant if < 0.05. Statistical analyses 116 

were performed using Stata Statistical Software release 15 (StataCorp LLC, Texas, USA). 117 

 118 

Results  119 

Clinical and biochemical characteristics 120 

Table 2 shows the characteristics of the patients and the control group. Thirty-two Caucasian 121 

women with Hashimoto’s thyroiditis (9 with overt hypothyroidism and 23 with mild hypothyroidism) 122 

were included in the study and compared with 32 healthy control subjects. Four patients were 123 

withdrawn during the follow-up period due to donation of a kidney (n=1), full term pregnancy (n=1), 124 
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a weight loss of 48% following gastric bypass surgery (n=1), the diagnosis of an eating disorder 125 

(n=1), while one was lost to follow-up. Thus, twenty-seven of the 32 participants completed the 126 

follow-up examinations. The mean period between initiation of treatment and the first study visit was 127 

43±28 days, while the median period between the first and second (follow-up) study visit was 15 128 

months [interquartile range: 14-23 months]. At the first study visit (n=32), seventeen patients had 129 

normalized their plasma TSH following initiation of treatment at the inclusion visit. The median value 130 

for TSH was 3.78 mIU/L [2.12 - 5.78]; for free T3 4.81 pmol/L [4.08 - 5.09]; for free T4 16.9 pmol/L 131 

[15.2 - 19.2], and for 25-OHD 65.3 [47.6 - 98.7]. At the final visit (n=27), the median value for TSH 132 

was 2.14 mIU/L [0.58 - 4.32]; for free T3 4.21 pmol/L [3.78 - 4.84]; for free T4 18.8 pmol/L [17.1 - 133 

22.1]; and for 25-OHD 67.9 nmol/L [61.6 - 96.8].  134 

 135 

HR-pQCT 136 

Cross-sectional control study 137 

In the tibia, irrespective of body weight, no significant differences were found in any of the 138 

parameters (Table 3). In the radius, patients had a significantly larger total bone area (mean difference 139 

14.6±29.3%; p=0.01) and trabecular area (19.8±37.1%, p=0.01), as compared with the control group, 140 

while the cortical vBMD was significantly lower (-2.2±6.5%; p=0.03). Results were similar after 141 

adjustment for body weight (Table 3). In neither the radius nor the tibia did the estimated bone 142 

strength differ significantly between cases and controls. 143 

 144 

Follow-up study 145 

At the second study visit, where euthyroidism had been attained for at least 12 months, the 146 

trabecular area in the tibia had increased significantly (0.2±0.6%, p=0.047; Table 4). Total vBMD 147 

and cortical vBMD decreased significantly (-1.1±1.9%, p=0.01; and -0.8±1.4%, p<0.01, 148 

respectively), while cortical porosity increased (8.2±11.5%, p<0.01). No significant changes were 149 
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found in the remaining microarchitecture parameters or in the estimated bone strength of the tibia 150 

(Table 4).  151 

In the radius, both trabecular and cortical vBMD decreased significantly (-1.5±4.6%, p=0.02; 152 

and -0.9±1.8%, p=0.02, respectively), while cortical porosity increased (18.9±32.7%, p=0.02). A 153 

significant decrease in trabecular BV/TV was observed (-1.6 ±4.6%, p<0.01). No other significant 154 

changes were observed in microarchitecture or estimated bone strength in the radius (Table 4).  155 

 156 

DXA 157 

At baseline, aBMD was similar in patients and controls both at the spine and total hip (Table 158 

3). After attainment of euthyroidism, total hip aBMD declined without reaching statistical 159 

significance (p=0.07), while spine aBMD was significantly decreased (-1.3±3.0%, p= 0.04; Table 4).  160 

 161 

Sensitivity analyses 162 

When dividing the patients into two groups, according to the upper reference limit of plasma 163 

TSH (i.e. 4.0 mIU/L), no differences between the lower-TSH group and the higher-TSH group were 164 

found in any of the HR-pQCT parameters, at baseline, at follow-up, or in the changes between the 165 

two study visits (data not shown). Likewise, no differences were found between those with high and 166 

low 25-OHD, according to the median 25-OHD level (i.e. 65.3 nmol/L). 167 

 168 

Discussion 169 

In this first study of bone structure using HR-pQCT in hypothyroid patients with Hashimoto’s 170 

thyroiditis, we demonstrated that restoration of euthyroidism following LT4 replacement therapy 171 

causes alterations in the bone microarchitecture. The main effects were seen in the cortical 172 

compartment of both the radius and the tibia where the cortex became less dense and more porous. 173 

The decline in bone mineral density, observed using DXA as well as HR-pQCT, is likely explained 174 
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by an increase in the bone remodeling rate induced by the LT4 treatment. In thyroid function 175 

disorders, it remains unresolved if TSH, independent of the influence by thyroid hormones, has an 176 

impact on bone metabolism [7]. It has also been suggested that thyroid autoimmunity per se may be 177 

of importance in this context [22]. Ideally, a control group of untreated patients should have been 178 

included for comparison in our study, but this was not feasible for practical and ethical reasons. 179 

However, it is most likely that the observed changes in bone microarchitecture were caused by 180 

restoration of euthyroidism, since our results are in line with previous studies based on 181 

histomorphometric and biochemical data, showing that bone turnover is increased by LT4 treatment 182 

[11,23].  183 

Several studies, with conflicting findings, have examined the effect of LT4 treatment on bone. 184 

Some found no long-term effects of LT4 therapy [24,25], while others suggested an unfavorable 185 

impact, mainly because of LT4 overtreatment [15,23,26,27]. We observed that the trabecular area in 186 

the tibia increased during follow-up. In theory, this may be caused by an increase in bone resorption 187 

at the endocortical surface following the normalization of bone remodeling rate. The endocortical 188 

surface has been shown to be more metabolically active than the periosteal surface [28]. Accordingly, 189 

bone resorption at this site, with inadequate bone formation, will gradually shift the border of 190 

trabecular and cortical bone outwards enlarging the trabecular area. However, changes in our study 191 

were minute, and we did not observe any significant impact on the cortical area or the cortical 192 

thickness in the tibia, and there were no corresponding changes in the radius either. Overall, our 193 

results do not suggest that restoration of euthyroidism with LT4 alters bone compartmental geometry 194 

or trabecular bone microarchitecture to any significant degree, at least not when assessed following 195 

at least one year of euthyroidism. Considering the slow turnover of bone tissue, where a bone 196 

remodeling cycle usually is completed after approximately six months [29], the length of follow-up 197 

in our study may be too short to obtain a complete evaluation of the impact of hypothyroidism on 198 

bone tissue. Two recent studies, both cross-sectional, have investigated bone microarchitecture using 199 
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HR-pQCT in thyroidectomized patients treated with LT4 [24,30]. In accordance with our findings, 200 

no differences in bone microarchitecture between patients and a control group were found, 201 

independently of whether the treatment aimed for normalizing [24], or suppressing plasma TSH [30]. 202 

These observations suggest that LT4 treatment beyond one year does not per se cause major alteration 203 

in bone microarchitecture. 204 

When comparing bone microarchitecture in hypothyroid patients with control subjects, we 205 

found that patients had larger total and trabecular bone area in the radius, while all geometric 206 

parameters in the tibia were similar to those observed in the control group. Indices of trabecular bone 207 

microarchitecture were similar at both sites. We adjusted our data for body weight because weight is 208 

known to affect HR-pQCT parameters [31,32]. The weight-adjusted analysis aimed at elucidating 209 

whether the changes in bone microstructure were due to hypothyroidism per se, or merely related to 210 

alterations in body weight. However, an increase in body weight is an inherent feature of 211 

hypothyroidism, and it can be questioned whether adjustment for body weight is justified in this 212 

context.  213 

In hypothyroidism, histomorphometric studies suggest that the amount of bone resorbed and 214 

formed in each bone remodeling cycle is slightly altered, resulting in a slow accrual of primarily 215 

cortical bone width, and without any change in trabecular bone volume [10,11]. Although disease 216 

and treatment effects may be skeletal site specific, depending on whether the bone is weight bearing 217 

or not, our results do not support that hypothyroidism per se causes accrual of bone, or substantially 218 

affects either bone geometry or microarchitecture. An important function of the skeleton is to 219 

withstand mechanical strain to prevent fracture; the HR-pQCT entity ‘failure load’ reflects this 220 

feature. This variable did not change in the follow-up period, and no difference was demonstrated 221 

between the patients and the control group. Thus, hypothyroidism might not have any adverse effects 222 

in the context of bone strength. In support of this, several studies found no increased fracture risk in 223 

patients with overt or mild hypothyroidism [15,33,34], but opposite findings exist [14,13]. These 224 
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inconsistent results may reflect that any increased fracture risk, if present, is caused by accidental 225 

falls related to the hypothyroidism, overtreatment with LT4 [15], or the co-morbidities shown to be 226 

associated with hypothyroidism [2], rather than by a detrimental effect per se on the bone tissue. In 227 

theory, the increased mineralization and the slower bone turnover associated with hypothyroidism 228 

might increase the fracture risk, in parallel with the situation seen in osteopetrosis (i.e. defects in 229 

osteoclast development or function) [35]. In the finite element analysis used in our study, the degree 230 

of bone mineralization is standardized. If the bone mineralization were significantly affected in our 231 

patients compared to this standard value, the bone strength would potentially be underestimated. 232 

However, we believe this problem to be of minor significance as mineralization and bone strength to 233 

a large degree are positively correlated. 234 

In addition to the issues discussed above, other limitations to our study should be mentioned. 235 

First, the study is sensitive to selection bias since not all hypothyroid patients referred to our clinic 236 

were eligible for the study. Thus, our results are confined only to women with hypothyroidism due 237 

to autoimmunity and may not be applicable to all hypothyroid patients. Second, most of our patients 238 

(23 of 32) had mild rather than overt hypothyroidism. In mild hypothyroidism, a meta-analysis found 239 

the risk of fracture to be similar to that in the reference population [34]. Intuitively one would assume 240 

that any impact on bone tissue depends on the severity and duration of the hypothyroid state. 241 

However, the rather small size of our study, albeit adequately powered for our main outcome, 242 

excluded us from doing such sub-analyses. Thus, our findings might have been more pronounced, if 243 

all patients had suffered from overt hypothyroidism. Third, data on biomarkers reflecting bone turn-244 

over might have supported the structural findings by HRpQCT, but such an analysis was beyond the 245 

scope of our study. Finally, seventeen patients had normalized their plasma TSH at the first study 246 

visit due to the initiation of the LT4 treatment before referral to our clinic. However, bone tissue has 247 

a slow metabolic turnover and we find it unlikely that a short period of LT4 therapy should have 248 

normalized the bone structure to any significant degree. Nevertheless, to take this potential problem 249 
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into account, we divided the patients into two groups, according to the upper reference limit of plasma 250 

TSH. Using such a stratification, no differences between the lower-TSH group and the higher-TSH 251 

group were found in any of the HR-pQCT parameters. 252 

In conclusion, bone microarchitecture in women with hypothyroid Hashimoto’s thyroiditis did 253 

not differ considerably from healthy control subjects. Only small differences were detected after LT4 254 

treatment, primarily in the cortical bone compartment, and possibly reflecting a normalization of bone 255 

remodeling. The alteration of bone microarchitecture by hypothyroidism per se and the restoration of 256 

euthyroidism seem not to affect the estimated bone strength. Future studies, including larger numbers 257 

of patients, a broader range of disease phenotypes as well as longer follow-up after treatment 258 

initiation, are needed to further qualify the influence of hypothyroidism and its treatment on bone 259 

microarchitecture. Such studies might clarify whether HR-pQCT variables are of value in the 260 

prediction of bone fractures in patients with hypothyroidism.  261 
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Table 1: HR-pQCT parameters with description and units 

Parameter Description Unit 

Total bone area The mean total area of both trabecular and cortical areas mm2 

Trabecular area The mean total area of trabecular bone and bone marrow mm2 

Cortical area The mean total area of the cortical part of the bone  mm2 

Total density The total volumetric bone mineral density (vBMD) mg/cm3 

Cortical density The volumetric bone mineral density of the cortical bone mg/cm3 

Trabecular density The volumetric bone mineral density of trabecular compartment mg/cm3 

Trabecular bone volume per 

tissue volume (BV/TV) 
The amount of trabecular bone/ total trabecular volume  % 

Trabecular number (Tb.N) The average number of trabeculae per mm mm-1 

Trabecular thickness (Tb.Th) The average thickness of the trabecular structures mm 

Trabecular separation (Tb.Sp) The average distance between the trabecular structures  mm 

Cortical thickness (Ct.Th) 
The mean distance between outer and inner edges of the cortical 

compartment 
mm 

Cortical porosity (Ct.Po) The void intracortical volume/total cortical volume % 

Failure load 
The force by which 2% of the bone tissue is strained 

beyond 0.7% strain, in theory inflicting a fracture 
N 
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Table 2: Clinical and biochemical characteristics of hypothyroid patients with or without follow-up, and of healthy 

control subjects  
 Follow-up study  Cross-sectional study 

 Patients with 

follow-up 

Patients lost to 

follow-up or 

excluded 

 All included 

patients 

Control 

subjects 

 

   p-value   p-value 

Number  27  5  32  32  

Age (yrs)  47 [41 - 58] 34 [29 - 47] 0.06 47 ± 12 47 ± 12  0.91 

Height (m)  1.70 [1.61 - 1.74] 1.66 [1.64 - 1.68] 0.55 1.68 ± 0.07 1.67 ± 0.07 0.63 

Weight (kg) 75 [70 - 84] 77 [68 - 91] 0.82 78 ± 16 71 ± 13 0.06 

BMI (kg/m2) 27 [24 - 30] 26 [25 - 35] 0.98 27 [25 - 31] 25 [22 - 28] 0.07 

Days between treatment start and first study visit 39 ± 26 61 ± 33 0.11 43 ± 28 -  

Disease duration before first study visit (days) 125 [81 - 1016] 1223 [366 - 1368] 0.11  -  

Time between study visits (months) 15 [14 - 23] -   -  

       

Smoking habits    0.88   0.83 

   Current 3  1   4  3   

   Previous 9  2   11  8   

   Never 13  2   15  19   

   Unknown 2  0   2  2   

       

Alcohol intake   1.00    

   < 7 unit per week1
 21  5   26    

   > 7 unit per week1 2  0  2    

   Unknown 4  0  4    

       

Menopause   0.28   0.59 

   Pre 12  5   19  21   

   Post 11  0  11  11   

   Menopause during follow-up 2  0  -  -  

   Unknown 2  0  2  0  

       

Diagnosis   0.52    

   Overt hypothyroidism 7  2   9    

   Mild hypothyroidism 

    

20  3   23    

       

Thyroid function tests       

All patients with hypothyroidism (n) 27 5  32   

  Highest P-TSH ever measured (mU/L) 11.6 [8.2 - 17.4] 9.1 [7.0 - 17.1] 0.76 11.1 [7.9 - 17.3]   

  P-TSH before treatment (mU/L) 8.5 [6.4 - 13.5] 6.5 [5.7 - 8.8] 0.74 8.4 [6.1 - 13.3]    

  P-Total T3 before treatment (nmol/L) 2 1.4 [1.3 - 1.6] 2.0 [1.6 - 2.2] 0.14 1.5 [1.3 - 1.8]   

  P-Total T4 before treatment (nmol/L) 71 [62 - 82] 77 [53 - 78] 0.94 71 [59 - 82]   

       

Overt hypothyroidism (n): 7 2  9   

  Highest P-TSH ever measured (mU/L) 18.3 [14.4 - 20.2] 64.6 [9.1 - 120] 1.00 18.3 [14.4 - 20.2]   

  P-TSH before treatment (mU/L) 14.5 [8.2 - 18.3] 46.9 [6.5 - 87.3] 1.00 14.5 [8.2 - 18.3]    

  P-Total T3 before treatment (nmol/L) 1.6 [1.5 - 1.8] 1.3 [1.3 - 1.3] 0.18 1.5 [1.4 - 1.7]   

  P-Total T4 before treatment (nmol/L) 49 [39 - 54] 42 [30 - 53] 0.51 49 [38 - 54]   

       

Mild hypothyroidism (n): 20 3  23   

  Highest P-TSH ever measured (mU/L) 9.7 [7.4 -12.9] 7.0 [6.1 – 17.1] 0.49 9.5 [7.0 - 13.0]   

  P-TSH before treatment (mU/L) 7.1 [5.1 - 12.0] 5.7 [5.7 – 8.8] 0.58 7.0 [5.2 - 11.2]    

  P-Total T3 before treatment (nmol/L) 1.4 [1.3 - 1.5] 2.1 [1.8 - 2.3] 0.02 1.4 [1.3 - 1.9]   

  P-Total T4 before treatment (nmol/L) 74 [70 - 87.5] 78 [77 - 112] 0.19 75 [70 - 90]   

       

Mean ± SD or median [interquartile range] depending on normality of the data 

1 Defined as 1 unit = 12 g alcohol 

2 P-Total T3 was not analyzed in eight individuals   
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Table 3: DXA and HR-pQCT parameters in hypothyroid patients and control subjects at baseline  

Data are presented as mean ± SD or median [interquartile range] as appropriate. P-values <0.05 are highlighted with 

bold. 

For abbreviations, see Table 1  

 Case subjects Control subjects Difference in 

mean  

P-value P-value adjusted 

for body weight  

DXA (n) 32 32    

  L1-L4 spine aBMD (g/cm2) 0.977 [0.916 - 1.094] 0.993 [0.921 - 1.098]  2.6%  0.89 0.74 

  Total hip aBMD (g/cm2) 0.917± 0.125  0.908 ± 0.116   2.4% 0.75 0.31 

      

Tibia HR-pQCT (n) 
 

32 32    

Geometry      

   Total bone area (mm2) 718 ± 119 683 ± 96  7.9% 0.20 0.45 

   Trabecular area (mm2) 590 ± 124 559 ± 99   10.2% 0.28 0.49 

   Cortical area (mm2) 
 

123 [108 - 131] 110 [102 - 137]  6.8% 0.34 0.48 

Volumetric BMD      

   Total vBMD (mg/cm3) 291 [261 - 330] 299 [251 - 331]  2.3% 0.99 0.76 

   Cortical vBMD (mg/cm3) 873 [846 - 909] 881.1 [833 - 912]  0.1% 0.91 0.73 

   Trabecular vBMD (mg/cm3) 
 

167 [140 - 183] 163 [138 - 185]  4.7% 0.85 0.96 

Trabecular microarchitecture      

   Trabecular BV/TV (%) 13.9 [11.7 - 15.3] 13.5 [11.5 - 15.4]  4.7% 0.86 0.99 

   Tb.N (mm-1) 2.00 [1.66 - 2.17] 1.92 [1.75 - 2.22]  3.5% 0.99 0.53 

   Tb.Th (mm) 0.071 [0.059 - 0.083] 0.068 [0.063 - 0.077]  2.7% 0.92 0.44 

   Tb.Sp (mm) 
 

0.43 [0.40 - 0.53] 0.45 [0.39 - 0.51]  1.7% 0.88 0.55 

Cortical microarchitecture      

   Ct.Th (mm) 1.16 [1.02 - 1.32] 1.13 [0.98 - 1.36]  4.6% 0.99 0.72 

   Ct.Po (%) 
 

4.83 [3.85 - 6.78] 4.95 [4.00 - 7.27]  24.6% 0.95 0.68 

Estimated strength      

   Failure load (N) 10620 [9322 - 11582]  10105 [8732 - 11217]  7.7% 0.31 0.57 

Radius HR-pQCT (n) 32 32    

Geometry      

   Total bone area (mm2) 271 ± 48 243 ± 40  14.6% 0.01 0.04 

   Trabecular area (mm2) 209 ± 47 182 ± 38  19.8% 0.01 0.04 

   Cortical area (mm2) 

 

58 ± 10  58 ± 9  2.1% 0.97 0.77 

Volumetric BMD      

   Total vBMD (mg/cm3) 325 ± 56 343 ± 60  -3.2% 0.23 0.30 

   Cortical vBMD (mg/cm3) 908 [869 - 926] 935 [887 - 954] -2.5% 0.03 0.03 

   Trabecular vBMD (mg/cm3) 

 

154 [121-182] 150 [120 - 168]  10.7% 0.48 0.45 

Trabecular microarchitecture      

   Trabecular BV/TV (%) 12.8 [10.2 - 15.2] 12.5 [10.0 - 14.0] 10.6% 0.48 0.46 

   Tb.N (mm-1) 1.87 [1.67 - 2.06] 1.85 [1.66 - 2.03]  5.0% 0.61 0.63 

   Tb.Th (mm) 0.065 [0.058 - 0.076] 0.064 [0.058 - 0.071]  4.0% 0.56 0.45 

   Tb.Sp (mm) 

 

0.46 [0.42 - 0.53] 0.48 [0.42 - 0.55] -1.8% 0.51 0.55 

Cortical microarchitecture      

   Ct.Th (mm) 0.84 ± 0.15 0.89 ± 0.15 -3.8% 0.17 0.18 

   Ct.Po (%) 

 

1.45 [1.02 - 2.23] 1.28 [0.93 - 2.25] 38.1% 0.72 0.48 

Estimated bone strength      

   Failure load (N) 3823 [3358 - 4121] 3675 [3325 - 4465]  6.2% 0.60 0.69 
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Table 4: DXA and HR-pQCT parameters in hypothyroid patients at baseline and follow-up visits. 

 

Data are presented as mean ± SD or median [interquartile range] as appropriate. P-values <0.05 are highlighted with 

bold. 

1 at least 12 months after restoration of euthyroidism. 

For abbreviations, see Table 1 
 

 Baseline  Follow-up1
 Difference in 

mean  

P-value 

 

DXA (n) 

 

27 

 

27 

  

  L1-L4 spine aBMD (g/cm2) 0.965 ± 0.118 0.953 ± 0.126 -1.3% 0.04 

  Total hip aBMD (g/cm2) 0.904 ± 0.121 0.898 ± 0.126 -0.8% 0.07 

     

Tibia HR-pQCT (n) 
 

27 27   

Geometry     

   Total bone area (mm2) - -   

   Trabecular area (mm2) 597 ± 126 598 ± 126  0.2% 0.047 

   Cortical area (mm2) 
 

122 [106 - 128] 122 [104 - 130] -1.4% 0.07 

Volumetric BMD     

   Total vBMD (mg/cm3) 285 [260 - 327] 282 [258 - 322] -1.1% 0.01 

   Cortical vBMD (mg/cm3) 873 [844 - 910] 861 [836 - 914] -0.8% <0.01 

   Trabecular vBMD (mg/cm3) 
 

162 [136 - 183] 159 [136 - 186]  -0.6% 0.34 

Trabecular microarchitecture     

   Trabecular BV/TV (%) 13.5 [11.4 - 15.3] 13.2 [11.4 - 15.5] -0.6% 0.35 

   Tb.N (mm-1) 2.03 [1.64 - 2.17] 1.87 [1.64-2.19] -2.6% 0.15 

   Tb.Th (mm) 0.069 [0.059 - 0.085] 0.069 [0.063 - 0.079]  2.9% 0.33 

   Tb.Sp (mm) 
 

0.45 ± 0.10 0.47 ± 0.11  3.8% 0.09 

Cortical microarchitecture     

   Ct.Th (mm) 1.15 [1.01 - 1.24] 1.15 [0.98 - 1.24] -1.1% 0.29 

   Ct.Po (%) 
 

4.78 [3.90 - 8.34] 4.84 [4.19 - 9.98]  8.2% <0.01 

Estimated strength     

   Failure load (N) 10453 [8978 - 11602] 10065 [9001 -11431] -0.5% 0.47 

Radius HR-pQCT (n) 27 27   

Geometry     

   Total bone area (mm2) - -   

   Trabecular area (mm2) 205 [181 - 230] 205 [178 - 228] -0.2% 0.17 

   Cortical area (mm2) 

 

58 ± 11 58 ± 11  0.1% 0.94 

Volumetric BMD     

   Total vBMD (mg/cm3) 329 [277 - 364] 330 [276 - 359] -0.7% 0.39 

   Cortical vBMD (mg/cm3) 909 [875 - 925] 907 [862 - 926] -0.9% 0.02 

   Trabecular vBMD (mg/cm3) 

 

152 [120 - 179] 148 [119 - 176] -1.5% 0.02 

Trabecular microarchitecture     

   Trabecular BV/TV (%) 12.6 [10.0 - 14.9] 12.3 [9.9 - 14.7] -1.6% <0.01 

   Tb.N (mm-1) 1.86 ± 0.29 1.88 ± 0.32  1.3% 0.59 

   Tb.Th (mm) 0.064 [0.057 - 0.075] 0.062 [0.057 - 0.072] -2.0% 0.26 

   Tb.Sp (mm) 

 

0.47 [0.43 - 0.54] 0.479 [0.41 - 0.53] -0.01% 0.71 

Cortical microarchitecture     

   Ct.Th (mm) 0.84 [0.49 - 1.08] 0.82 [0.51 - 1.06] -0.3% 0.78 

   Ct.Po (%) 

 

1.43 [1.03 - 2.49] 1.45 [1.13 - 2.37] 18.9% 0.02 

Estimated bone strength      

   Failure load (N) 3806 [3232 - 4099] 3656 [3431 - 4136]  0.4% 0.67 


