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Abstract

Summary In elderly men included in MrOS-Sweden, subclinical hyperthyroidism (SHyper) was markedly associated with
increased risk of vertebral fractures.

Introduction Overt hyperthyroidism is associated with increased risk of fractures. However, only a few studies have investigated
whether SHyper is associated with fracture risk in elderly men. We therefore investigated if SHyper was a risk factor for fractures
in Swedish men.

Methods We followed (median 9.8 years) elderly men (n = 1856; mean age 75, range 69—81 years) participating in the
Gothenburg and Malmo subcohorts of the prospective, population-based MrOS-Sweden study. The statistical analyses included
Cox proportional hazards regression. SHyper was defined as serum thyroid-stimulating hormone (TSH) < 0.45 mIU/L (n = 38).
Results SHyper was associated with increased risk of all fractures [n = 456; hazard ratio (HR) adjusted for age, study center, and
levothyroxine treatment = 1.99, 95% confidence interval (CI): 1.20-3.32], major osteoporotic fractures (MOF, n = 338; HR 2.44,
95% CI: 1.42-4.21), and vertebral fractures (n = 176; HR 3.79, 95% CI: 2.02-7.11). These associations remained after full
adjustment for covariates including total hip bone mineral density and in subanalyses including only men with serum free
thyroxine < the upper normal limit. However, after exclusion of men receiving levothyroxine treatment, the associations with
all fractures and MOF lost significance.

Conclusions In elderly Swedish men, there was a strong association between SHyper and increased risk of vertebral fractures,
whereas the associations with all incident fractures and MOF need to be confirmed in further studies.

Keywords Fracture risk - Older men - Serum thyroid-stimulating hormone - Subclinical hyperthyroidism - Vertebral fracture

Introduction bone mass if thyroid hormone activity is high [1]. This de-
crease is essentially reversible, providing that lasting structural
damage has not been induced due to trabecular perforations

[2]. In children, severe hypothyroidism leads to reduced

Thyroid hormones affect the function of most tissues. In the
skeleton, they increase bone turnover, resulting in decreased
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growth and delayed bone maturation [1], whereas overt hy-
perthyroidism causes short stature due to premature bone mat-
uration [1]. In adult life, untreated overt hyperthyroidism is an
established cause of secondary osteoporosis and associated
with increased risk of fractures [1]. Moreover, overtreatment
with levothyroxine results in thyroid-stimulating hormone
(TSH) suppression, reduced bone mineral density (BMD),
and increased risk of fractures [1, 3, 4].

Not only overt hyperthyroidism, but also subclinical hyper-
thyroidism (SHyper), in which serum TSH levels are low in
the presence of free triiodothyronine (T3) and free thyroxine
(T4) levels within the normal range, is associated with reduced
bone health [1]. Although the results are not fully consistent
[1], low-normal TSH values have generally been associated
with decreased BMD [5, 6] and modest increases in the risk of
fractures [5, 7, 8]. In a pooled analysis of 5458 individuals
from 6 prospective cohorts, SHyper was associated with loss
of femur neck BMD, tended to be associated with loss of total
hip BMD, but was not associated with loss of lumbar spine
BMD [9]. Also in terms of the association between SHyper
and fracture risk, individual studies have shown varying re-
sults [1]. In a meta-analysis by Blum et al., SHyper defined as
TSH < 0.45 mIU/L was associated with increased risk of any
fracture and hip fracture, whereas there were only trends to
associations with increased risks of spine and non-spine frac-
tures [10]. However, the associations were stronger if TSH
levels were less than 0.10 mIU/L and in endogenous SHyper
[10]. In another meta-analysis by Zhu et al., in which the cut-
off TSH value for SHyper varied between 0.30 and 0.55 mIU/
L, there were significant but moderate associations between
SHyper and increased risk of any, hip, spine, and non-spine
fractures [11].

Most previous studies in SHyper have been performed in
postmenopausal women [5, 12, 13]. In study populations
consisting of both genders, the association between SHyper
in men and hip fracture risk has not been consistent [14—17].
In two prospective studies performed only in men (total co-
horts, n = 1817 and n = 3338, respectively), there was no
association between SHyper and increased risk of hip frac-
tures [18, 19] or non-spine fractures [18]. However, in the
MrOS-US study, reduced serum TSH (per standard deviation
decrease) was associated with increased risk of hip fracture in
the total cohort [18]. Furthermore, none of these two studies
evaluated the association between SHyper in older men and
the risk of vertebral fractures.

In summary, the results of two meta-analyses suggest that
SHyper is associated with increased risk of all fractures [10,
11]. However, most individual studies have been performed in
postmenopausal women or in study populations consisting of
both men and women, and to our knowledge, only two previ-
ous prospective studies have been performed in study popu-
lations consisting only of older men. In the present study of
elderly men, we evaluated the association between SHyper
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and fracture risk in two well-controlled subcohorts of the pro-
spective, population-based MrOS-Sweden study with access
to validated fracture data based on computerized X-ray ar-
chives. We hypothesized that SHyper was associated with
increased fracture risk.

Materials and methods
Study population and ethics

The Osteoporotic Fractures in Men Study (MrOS) is an inter-
national, multicenter study that includes older men. The pres-
ent study involved the Malmo (n = 1005) and Gothenburg (n =
1010) subcohorts of MrOS-Sweden. In MrOS-Sweden, men
aged 69-81 years were randomly identified using national
population registers, contacted, and asked to participate [20].
To be included in the study, the men had to be able to walk
without assistance, sign an informed consent, and provide
self-reported information. There were no other exclusion
criteria. Among all the men contacted, 45% participated in
the study. At baseline (years 2001 to 2004), the participants
were physically examined, a questionnaire was answered,
blood samples were drawn, and BMD was measured (see
below). Then, during the follow-up, all new fractures were
registered until the end of 2013.

In the present study, we investigated whether SHyper, de-
fined as baseline serum TSH concentration < 0.45 mIU/L [10,
21, 22], was associated with the risk of all fractures, major
osteoporotic fractures (MOF), vertebral fractures, or hip frac-
tures. Measurements of serum TSH were available in 1856 of
the elderly men (92% of the entire cohort).

All procedures were performed in accordance with the eth-
ical standards of the institutional research committees and
with the 1964 Helsinki Declaration and its later amendments.
The study was approved by the ethics committees at Lund and
Gothenburg Universities (LU 693/00 and Gbg M 014-1).
Written informed consent was obtained from all participants.

Assessment of BMD

Areal BMD (aBMD; g/cmz), later referred to as BMD, was
assessed using dual-energy X-ray absorptiometry (DXA) with
the Lunar Prodigy DXA (GE Lunar Corp., Madison, WI,
USA) in Malmo and the Hologic QDR 4500/A-Delphi
(Hologic, Waltham, MA, USA) in Gothenburg. Because the
DXA measurements were performed with different equip-
ment, all values for total hip BMD and lumbar spine BMD
were standardized; the method used to calculate standardized
BMD (sBMD) values has been described previously [20]. The
coefficients of variation (CVs) for the BMD measurements
varied from 0.5 to 3%.
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Assessment of covariates

Body height and weight were measured using standard equip-
ment. Body mass index (BMI) was calculated as weight (in
kilograms) divided by height (in meters) squared.
Appendicular lean mass was assessed using the Lunar
Prodigy DXA (GE Lunar Corp.) in the Malmo cohort and
the Hologic QDR 4500/A-Delphi (Hologic, Inc.) in the
Gothenburg cohort. Hand grip strength was determined using
a Jamar® hand dynamometer (Jackson, MI, USA) [23]. The
maximum value (kilograms) from two trials from both hands
was analyzed. Walking speed was calculated after determin-
ing the duration in seconds of a 6 m walk at normal pace.
Information of smoking (yes, no, former) was obtained using
a standardized questionnaire.

Biochemical procedures

Blood samples were drawn from all study participants and
serum was separated, aliquoted, and stored at —80 °C until
analyses. Serum concentrations of TSH and free T4 were an-
alyzed on the Roche Modular system (Roche Diagnostics
Scandinavia AB, Solna, Sweden) as described previously
[24]. The total CV of the TSH assay was < 10% and the
detection limit was 0.005 mIU/L. The total CV of the free
T4 assay was < 10% and the detection limit was 1.5 pmol/L.

Assessment of fractures

The participants were followed for 8.9 (SD 2.8) years on av-
erage (median 9.8 years, 25th—75th percentiles: 7.5-10.8
years) after the baseline examination. The follow-up time
was recorded from the date of baseline visit to the time of
fracture or the date of death or the end of the study
(December 31, 2013). Emigrants were followed up to the
day of emigration. All fractures were recorded, and when sub-
jects suffered from a first fracture at all sites during the follow-
up, the follow-up time for respective fracture was analyzed.
Deaths were documented from the National Cause of Death
Register that includes all deaths in Sweden. All Swedish citi-
zens have a unique personal registration number that enables
access to information about the time as well as the site of
fracture using computerized X-ray archives. The definition
of a vertebral fracture was that the participant reported clinical
symptoms after the baseline visit and that a vertebral fracture
was confirmed by physician review of the radiology report.
Thus, all fractures (vertebral and others) included in the anal-
ysis were confirmed by physician review of the radiology
reports. Fractures reported by the study participants that were
not possible to confirm by radiology were excluded. Further
fracture analysis was then made of all validated fractures,
vertebral fractures, hip fractures, and major osteoporotic

fractures (MOF). MOF was defined as fracture of the hip,
pelvis, proximal humerus, forearm, and vertebral fractures.

Statistical analysis

Statistical analyses were performed using SPSS for Windows
(version 25.0, IBM Corp., Armonk, NY, USA). Unless other-
wise stated, the descriptive statistical results at baseline are
shown as the mean and standard deviation (SD). Between-
group differences were examined using one-way analysis of
variance (ANOVA) for continuous variables and using chi-
square tests for categorical variables.

We used Cox proportional hazards regression to analyze
the association between SHyper and the risk of all fractures,
MOF, vertebral fractures, or hip fractures. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were calculated for the
risk of having a fracture in men with SHyper compared to
men with serum TSH > 0.45 mIU/L. We also performed sim-
ilar Cox proportional regression analyses in men with SHyper
and normal serum free T4 (exclusion of men with serum free
T4 > the upper limit of the reference range of 22 pmol/L), men
with endogenous SHyper (exclusion of men receiving
levothyroxine), and men with endogenous SHyper and normal
serum free T4 (exclusion of men receiving levothyroxine as
well as men with serum free T4 > 22 pmol/L). Finally, in the
total study population, we used Cox proportional hazards re-
gression analyses to determine whether serum concentrations
of TSH or free T4 as standardized continuous variables (per
SD decrease in TSH and per SD increase in free T4) were
associated with the risk of all fractures, MOF, vertebral frac-
tures, or hip fractures. We adjusted all estimates for age,
MrOS site, and treatment with levothyroxine (yes/no) (base
model). Moreover, to examine the independent effect of
SHyper on fracture risk, further adjustments were made for
BMI, appendicular lean mass, grip strength, walking speed,
and smoking status (model A). In model B, we also included
total hip sBMD as a covariate. A two-sided P < 0.05 was
considered statistically significant.

Results
Baseline characteristics

Table 1 shows the baseline characteristics of the 38 elderly
men with SHyper (serum TSH < 0.45 mIU/L) and the 1818
men with serum TSH > 0.45 mIU/L. As expected, serum TSH
was lower, and serum free T4 was higher, in the men with
SHyper. Levothyroxine treatment was more common in the
SHyper group. There were no between-group differences in
age, BMI, appendicular lean mass, grip strength, walking
speed, or lumbar spine L1 to L4 sBMD. The men with
SHyper had lower total hip sSBMD and higher prevalence of
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Table 1 Baseline characteristics
of the study population

Variable Subclinical Other men™ P-
hyperthyroidism® value
n=38 n=1818

Serum TSH (mIU/L) 0.21 (0.15) 2.65 (3.63) <0.001

Serum free T4 (pmol/L) 19.1 (6.4) 17.1 (3.4) <0.001

Levothyroxine treatment, n (%) 9 (23.7) 22 (1.2) <0.001

Age (years) 759 (3.1) 754 (3.2) 0.31

BMI (kg/m?) 26.7 (3.3) 26.4 (3.6) 0.60

Appendicular lean mass (kg) 25.1 (3.6) 24.5 (3.3) 0.33

Grip strength (kg) 42.7 (7.5) 43.2 (8.0) 0.68

Walking speed (m/s) 1.35(0.24) 1.36 (0.30) 0.79

Current smoking (yes, no, former), % (n)  21/18/61 (8/7/23) 9/35/56 0.01

(164/625/1006)
Lumbar spine L1 to L4 sBMD (g/cm?) 1.08 (0.16) 1.13 (0.19) 0.17
Total hip sBMD (g/cm?) 0.89 (0.14) 0.94 (0.14) <0.05

If not otherwise stated, values are given as means (SD). Between-group differences were examined using one-way
analysis of variance (ANOVA) for continuous variables and using chi-square tests for categorical variables

#Men with serum TSH < 0.45 mIU/L
## Men with serum TSH > 0.45 mIU/L

BMI, Body mass index; free T4, free thyroxine; sBMD, standardized bone mineral density; 7SH, thyroid-

stimulating hormone

smoking. One man in the SHyper group, who received
levothyroxine treatment, had a previous history of thyroid
cancer. None of the men with serum TSH > 0.45 mIU/L had
previous thyroid cancer. Exclusion of the man with previous
thyroid cancer did not alter the results of the present study
(data not shown).

SHyper and risk of fractures

During follow-up [mean 8.9 (SD 2.8) years, median 9.8
(25th—75th percentiles: 7.5-10.8) years], 456 (25%) of
the men suffered from a fracture. Analysis of risks in
the men with SHyper vs. that in other men using Cox
proportional hazards regression demonstrated that
SHyper was associated with increased risks of all inci-
dent fractures (base model: HR 1.99, 95% CI: 1.20-
3.32), MOF (base model: HR 2.44, 95% CI: 1.42-4.21),
and vertebral fractures (base model: HR 3.79, 95% CI:
2.02—7.11) (Table 2). All these associations remained sig-
nificant after full adjustment for covariates (Table 2).
However, the association between SHyper and the risk
of hip fractures could not be evaluated in a meaningful
way as there was only one incident hip fracture in the
men with SHyper (data not shown). Finally, cumulative
survival curves further illustrated that SHyper was asso-
ciated with increased risk of all fractures (log-rank test, P
< 0.01; data not shown), MOF (P < 0.001; Fig. 1a), and
vertebral fractures (P < 0.001; Fig. 1b).
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Table 2 Risk (hazard ratios and 95% confidence intervals) of first
fracture (all fractures, major osteoporotic fractures, or vertebral
fractures) in subclinical hyperthyroidism

Subclinical hyperthyroidism®  Other men™
All fractures
Fractures, n (%) 16 (42.1%) 440 (24.2%)
Base model 1.99 (1.20-3.32) 1.0 (referent)

2.06 (1.21-3.50)
1.87 (1.10-3.20)

1.0 (referent)
1.0 (referent)

Multivariate model A

Multivariate model B
Major osteoporotic fractures

Fractures, n (%)

Base model

Multivariate model A

Multivariate model B
Vertebral fractures

Fractures, n (%)

Base model

Multivariate model A

Multivariate model B

14 (36.8 %)

244 (142-4.21)
249 (1.41-4.41)
2.21 (1.25-3.91)

324 (17.8 %)
1.0 (referent)
1.0 (referent)
1.0 (referent)

11 (28.9%)

3.79 (2.02-7.11)
3.73 (1.92-7.26)
3.39 (1.73-6.63)

165 (9.1%)

1.0 (referent)
1.0 (referent)
1.0 (referent)

Hazard ratios were calculated using Cox proportional hazards regression
#Men with serum TSH < 0.45 mIU/L

# Men with serum TSH > 0.45 mIU/L

Base model: adjustment for age, MrOS site, and levothyroxine treatment
(yes/no)

Multivariate model A: age, MrOS site, levothyroxine treatment, BMI,
appendicular lean mass, grip strength, walking speed, and smoking status
(yes, no, former)

Multivariate model B: age, MrOS site, levothyroxine treatment, BMI,
appendicular lean mass, grip strength, walking speed, smoking status,
and total hip sBMD
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0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Years Years
No. at risk 1856 1747 1568 1388 1195 696 28 No.atrisk 1856 1778 1614 1448 1268 745 30
Cumulative 0 54 128 190 265 322 338 Cumulaive 0 23 70 104 143 170 176
MOF vertebral fractures
Analyses in men with serum free T4 equal to or below
the upper normal limit
Table 3  Risk (hazard ratios and 95% confidence intervals) of first

In subanalyses, we excluded men with serum free T4 > 22
pmol/L, thereby only analyzing men with serum free T4 equal
to or below the normal upper limit of the reference range of the
free T4 assay. In this group of men, using Cox proportional
hazards regression analysis, SHyper (n = 29) was still associ-
ated with increased risk of all fractures [base model: HR 2.22,
95% CI: 1.26-3.92; fully adjusted (model B): HR 1.90, 95%
CI: 1.04-3.47] and MOF [base model: HR 2.58, 95% CI:
1.39-4.79; fully adjusted (model B): HR 2.07, 95% CI:
1.08-3.98] compared to other men (n = 1776). Furthermore,
also in this setting, there was a marked association between
SHyper and increased risk of vertebral fractures (Table 3).

Analyses in men not receiving levothyroxine

We also performed subanalyses in which men with
levothyroxine treatment were excluded. In the group of men
with SHyper without levothyroxine treatment (n = 29), as
compared to men not receiving levothyroxine (n = 1796),
there was no association with the risk of all fractures [base
model: HR 1.58, 95% CI: 0.87-2.88; fully adjusted (model
B): HR 1.47, 95% CI: 0.78-2.78]. Furthermore, the associa-
tion with MOF did not remain after additional adjustment for
covariates (base model: HR 1.92, 95% CI: 1.02-3.61; model
A:HR 1.89, 95% CI: 0.97-3.68; model B: HR 1.68, 95% CI:
0.86-3.28). However, the association with vertebral fractures
remained statistically significant in the Cox proportional haz-
ards regression analyses (Table 3).

Analyses in men with free T4 < the upper normal
limit and not receiving levothyroxine

In further subanalyses, we excluded men with serum free T4 >
22 pmol/L as well as men with levothyroxine treatment. In

vertebral fracture in subclasses of subclinical hyperthyroidism (men
with free T4 equal to or below the upper normal limit, men without
levothyroxine treatment, and men with free T4 equal to or below the
upper normal limit and without levothyroxine treatment)

Subclinical Other men™
hyperthyroidism®
Men with normal free T4™#
Vertebral fractures, n (%) 9 (31.0%) 162 (9.1%)

Base model 4.02 (2.00-8.10)
3.68 (1.75-7.75)
3.28 (1.54-6.98)
Men without levothyroxine treatment
Vertebral fractures, n (%) 9 (31.0%)
342 (1.74-6.71)
3.31 (1.61-6.80) 1.0 (referent)
3.05 (1.48-6.26) 1.0 (referent)
Men with normal free T4** and without levothyroxine treatment
Vertebral fractures, n (%) 7 (31.8%) 162 (9.2%)
Base model 3.55 (1.65-7.60) 1.0 (referent)
3.12 (1.37-7.12) 1.0 (referent)
2.83 (1.24-6.48) 1.0 (referent)

1.0 (referent)
1.0 (referent)
1.0 (referent)

Multivariate model A
Multivariate model B

165 (9.2%)
Base model 1.0 (referent)
Multivariate model A

Multivariate model B

Multivariate model A

Multivariate model B

Hazard ratios were calculated using Cox proportional hazards regression
#Men with serum TSH < 0.45 mIU/L
# Men with serum TSH > 0.45 mIU/L

### Men with serum free T4 < 22 pmol/L (serum free T4 equal to or below
the normal upper limit of the reference range of the free T4 assay)

Base model: adjustment for age, MrOS site, and levothyroxine treatment
(yes/no)

Multivariate model A: age, MrOS site, levothyroxine treatment, BMI,
appendicular lean mass, grip strength, walking speed, and smoking status
(yes/no/former)

Multivariate model B: age, MrOS site, levothyroxine treatment, BMI,

appendicular lean mass, grip strength, walking speed, smoking status,
and total hip sBMD
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these men, SHyper (n = 22) was not significantly associated
with the risk of all fractures [base model: HR 1.79, 95% CI:
0.92-3.48; fully adjusted (model B): HR 1.52, 95% CI: 0.75-
3.09], and the significant association with MOF was lost after
additional adjustment for covariates [base model: HR 2.09,
95% CI: 1.03-4.24; model A: HR 1.86, 95% CI: 0.87-3.96;
model B: HR 1.62, 95% CI: 0.76-3.46]. In contrast, the risk of
vertebral fractures was still significantly increased in men with
SHyper compared to that in other men (n = 1759) [HR 3.55,
95% CI: 1.65-7.60; fully adjusted (model B): HR 2.83, 95%
CI: 1.24-6.48; Table 3].

Analyses after excluding high serum TSH

In final subanalyses, we excluded men with serum free T4 >
22 pmol/L, men with levothyroxine treatment, and in addition
men with serum TSH > 4.5 mIU/L. Thus, in these analyses,
the men not having SHyper (n = 1623) were biochemically
defined as euthyroid [10, 21, 22]. In the Cox proportional
hazards regression analyses, SHyper (n = 22) was not associ-
ated with the risk of all fractures in any model (data not
shown). Moreover, the significant association with MOF did
not remain after additional adjustments for covariates (base
model: HR 2.08, 95% CI: 1.03-3.61; model A: HR 1.86.
95% CI: 0.87-3.96; model B: HR 1.63, 95% CI: 0.76-3.48).
However, the risk of vertebral fractures [base model: HR 3.49,
95% CI: 1.62-7.48; fully adjusted (model B): HR 2.92, 95%
CI: 1.28-6.67] was still significantly increased.

Analysis in the total study population

In the total study population (n = 1856), we used Cox propor-
tional hazards regression analyses to assess whether TSH or
free T4 levels as standardized continuous variables were as-
sociated with the risk of fractures. Serum TSH (per SD de-
crease) was not associated with the risk of vertebral fractures
[base model: HR 1.23, 95% CI: 0.86—1.74; fully adjusted
(model B): HR 1.12, 95% CI: 0.82—1.52] or the risk of other
fractures (data not shown). Serum free T4 (per SD increase)
was not associated with the risk of all fractures, MOF, or
vertebral fractures (data not shown). There was a significant
association between serum free T4 (per SD increase) and hip
fracture risk (base model: HR 1.14, 95% CI: 1.004—1.30),
which lost significance after additional adjustments (model
A: HR 1.14, 95% CI: 0.95-1.36; model B: HR 1.11, 95%
CI: 0.89-1.39).

Discussion
The association between SHyper and fracture risk has been

evaluated in postmenopausal women [5, 12, 13] or in study
populations consisting of both women and men [14-17], but
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there are only two previous prospective studies in study pop-
ulations consisting only of older men [18, 19]. In the present
study, we evaluated the association between SHyper and frac-
ture risk in two of the well-controlled MrOS-Sweden
subcohorts with reliable fracture data based on computerized
X-ray archives. Our results demonstrate that SHyper in elderly
men is associated with a robust and marked increase in the risk
of vertebral fractures. SHyper was also associated with in-
creased risk of all fractures and MOF. The latter associations
remained after exclusion of men with serum free T4 above the
reference range, but they lost significance after exclusion of
men receiving levothyroxine treatment.

In the present study, 38 (2.0%) of the totally 1856 men
suffered from SHyper, which is in line with that found in some
previous studies [10, 25]. At baseline, measures of body com-
position and physical performance did not differ between the
two study groups, whereas the men with SHyper had lower
total hip sSBMD and also non-significantly tended to have
lower lumbar spine L1 to L4 sBMD compared to the men with
serum TSH > 0.45 mIU/L. Although the results have varied
between studies, our results to some extent converge with
those of a pooled analysis of 6 prospective cohorts (n =
5458). In the latter study, SHyper was associated with loss
of femur neck BMD, tended to be associated with loss of total
hip BMD, but was not associated with loss of lumbar spine
BMD [9]. Furthermore, at baseline of the present study,
smoking was more prevalent in the men with SHyper.
However, in the Cox proportional hazards regression analy-
ses, we adjusted for smoking status and several other covari-
ates. In the final model (model B), we also adjusted for total
hip sBMD although it could be argued that reduced BMD is a
mediator, not a confounder, in terms of the association be-
tween SHyper and fracture risk.

A major finding of the present study is that SHyper was
associated with a 3- to 4-fold increase in the risk of incident
vertebral fractures. This association was only marginally atten-
uated by adjustment for covariates and remained statistically
significant also after exclusion of men with elevated serum free
T4 (>22 pmol/L) and men receiving levothyroxine treatment.
Moreover, the association also remained in the men with en-
dogenous SHyper and normal serum free T4 (TSH < 0.45 mIU/
L, free T4 <22 pmol/L, and no levothyroxine) as compared to
euthyroid men (serum TSH between > 0.45 mIU/L and < 4.5
mlU/L, free T4 <22 pmol/L, and no levothyroxine). It could be
hypothesized that we were able to detect a significant associa-
tion between SHyper and increased risk of vertebral fractures
because we had access to reliable fracture data based on com-
puterized X-ray archives. Furthermore, our findings are in some
agreement with the results of the meta-analysis by Blum et al.
[10]. This meta-analysis demonstrated that SHyper was associ-
ated with a more marked risk of fractures in men than in women
[10]. Although none of the individual studies included in the
meta-analysis could detect any significant association between
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SHyper and spine fracture risk among men, the pooled results
showed a significantly increased risk of spine fractures in men
with SHyper (n = 282) [10].

To our knowledge, the present study is the third prospec-
tive study that has investigated the association between
SHyper and fracture risk in a study population consisting only
of older men. In the two previous studies (total cohorts, n =
1817 and n = 3338, respectively) [18, 19], the mean age at
baseline (74 and 77 years, respectively) was approximately
similar as that in the present study (75 years). None of the
two earlier studies detected any association between SHyper
and the risk of incident hip fractures [18, 19] or non-spine
fractures [18], but in the total MrOS-US cohort, reduced se-
rum TSH (per standard deviation decrease) was associated
with increased risk of hip fracture [18]. Furthermore, as none
of these two studies evaluated the association with the risk of
vertebral fractures [18, 19], our finding of a strong and robust
association between SHyper and incident vertebral fractures
adds novel information. However, a limitation of our study as
well as the two other studies [18, 19] is that there were very
few incident hip fractures in the included men with SHyper.

In addition to the increased risk of vertebral fractures, we
also observed that SHyper in men was associated with in-
creased risk of all incident fractures and MOF. These associ-
ations remained statistically significant after full adjustment
for covariates and after exclusion of men with serum free T4
above the reference range. However, when men receiving
levothyroxine treatment were excluded, the associations lost
significance after full adjustment for covariates. In earlier
studies, the influence of levothyroxine treatment on fracture
risk has been moderate [1], and of less importance than that
exerted by endogenous SHyper [10]. Therefore, it seems less
likely that levothyroxine treatment was a major confounder in
terms of the associations between SHyper and the risks of all
incident fractures and MOF. Instead, it could be hypothesized
that the lack of statistical significance between SHyper and the
risks of all fractures and MOF after exclusion of men receiv-
ing levothyroxine was a consequence of lack of sufficient
statistical power, which could be supported by the fact that
HRs remained relatively high. In additional support of this, in
the meta-analysis by Blum et al. [10], SHyper was associated
with increased risk of all fractures in men [10].

In our total study population, serum concentrations of TSH
or free T4 as standardized continuous variables were not as-
sociated with the risk of fractures after adjustment for multiple
covariates (models A and B). Thus, serum TSH was not asso-
ciated with the risk of vertebral fractures in the total study
population. This suggests that increased risk of vertebral frac-
tures was specifically associated with SHyper in men.
However, the mechanisms underlying this association are
not fully clear. The association between SHyper and increased
risk of vertebral fractures remained after full adjustment for
covariates (model B), which included adjustment for variables

such as BMI, appendicular lean mass, grip strength, walking
speed, and total hip sSBMD. However, SHyper could have
induced alterations in bone turnover or musculoskeletal func-
tion that were not captured by the tests performed in our study.

In our study as in several previous studies [10, 21, 22], a
broader serum TSH range (<0.45 mIU/L) was used to define
SHyper than that used in clinical practice, which could limit
the clinical interpretations of our findings. However, even so,
it is important that clinicians are aware of the increased risk of
vertebral fractures in men with low serum TSH (<0.45 mIU/
L). In a prospective study of low-risk differentiated thyroid
cancer patients, suppressive doses of levothyroxine increased
the risk of postoperative osteoporosis without beneficial effect
on tumor recurrence [26]. Therefore, the focus of long-term
levothyroxine treatment in low-risk thyroid cancer patients
should be to avoid therapeutic harm [1, 26].

Our study has several strengths and weaknesses. Strengths
are the relatively long follow-up and the reliable fracture data
based on computerized X-ray archives, enabling us to include
only X-ray—verified fractures with information about the time
and site of each fracture. Furthermore, our cohort of elderly
men was large and well-controlled, but even so, the subgroup
with SHyper was small (n = 38). This likely resulted in limited
statistical power, especially in terms of subanalyses, and we
could not perform meaningful statistical analyses regarding
the risk of hip fractures in men with SHyper. Levothyroxine
treatment was recorded, and free T4 was measured, but except
for previous history of thyroid cancer, it was not registered
whether the men had a previous thyroid disorder. One addi-
tional limitation is that self-reported questionnaires were used,
and we cannot exclude the possibility that this could have
resulted in an underestimation of the prevalence of smoking.
Finally, most measurements were only performed at baseline
(thyroid hormones, sSBMD, presence of levothyroxine treat-
ment, and covariates/confounders), which could result in an
underestimation of the true associations.

In summary, this is the third prospective study that has
determined the association between SHyper and the risk of
incident fractures in a study population consisting only of
older men. We extend the previous knowledge by showing a
marked and robust association between SHyper and increased
risk of vertebral fractures in elderly men. SHyper was associ-
ated with increased risk of all incident fractures and MOF also
after exclusion of men with serum free T4 above the reference
range, but after exclusion of men receiving levothyroxine
treatment, these associations lost statistical significance. A
limitation of the present study is that we did not have sufficient
statistical power to investigate the association between
SHyper and the risk of hip fractures. Further studies are there-
fore needed in larger study populations to investigate the as-
sociation between SHyper and the risk of incident fractures in
more detail as well as whether treatment of SHyper can reduce
the risk of vertebral fractures in older men.
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