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Abstract
Purpose To comprehensively investigate the associations of subclinical thyroid dysfunction with BMD and fractures at
various sites.
Methods Comprehensive electronic and manual searches of databases were systematically conducted to identify prospective
cohort studies from the inception of the databases to May 2019. The summary results for fractures and BMDs at various sites
were calculated by relative risks (RRs) and weighted mean differences (WMDs) with corresponding 95% confidence
intervals (CIs) using the random-effects model.
Results Seventeen prospective cohorts from 24 studies were identified and 313,557 individuals were recruited in a final
analysis. The summary RR indicated that subclinical hyperthyroidism was associated with an increased risk of any fracture
(RR, 1.17; 95% CI, 1.08–1.26; P < 0.001), hip fracture (RR, 1.27; 95% CI, 1.09–1.48; P= 0.003), spine fracture (RR, 1.97;
95% CI, 1.31–2.97; P= 0.001), and non-spine fracture (RR, 1.19; 95% CI, 1.04–1.37; P= 0.014). However, there were no
significant associations of subclinical hypothyroidism with the risk of any fractures (P= 0.166), hip fracture (P= 0.068),
spine fracture (P= 0.818), and non-spine fracture (P= 0.277). Finally, subclinical hyperthyroidism was associated with
lower distal forearm BMD in women, and ultradistal forearm BMD in both men and women, whereas subclinical hypo-
thyroidism was associated with higher femur neck BMD in women.
Conclusion Subclinical hyperthyroidism could induce additional risk on fractures at any, hip, spine, and non-spine, whereas
subclinical hypothyroidism did not have any impact on fractures. Moreover, BMD at the lower distal and ultradistal forearms
might be affected by subclinical hyperthyroidism, and higher femur neck BMD could be affected by subclinical
hypothyroidism.
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Introduction

Osteoporotic fractures, which are associated with significant
functional disability, morbidity, mortality, and reduction in
quality of life, are expected to increase worldwide [1–3].
There were nearly 10 million adults aged ≥50 years

diagnosed with osteoporosis, and an additional 33 million
with low bone mass, which was associated with an
increased risk of fractures at various sites, in the US
according to the National Osteoporosis Foundation [4].
Nowadays, numerous risk factors of fractures have already
been identified, including bone mineral density (BMD), low
body mass, sedentary lifestyle, type of fall, fracture history,
smoking, and alcohol intake. Moreover, the association of
overt hyperthyroidism with the risk of osteoporosis and
fractures have already identified [5]. However, the pre-
valence of subclinical thyroid dysfunction is significantly
higher than overt hyperthyroidism and hypothyroidism, and
its impacts on subsequently fracture and BMD at various
sites should been evaluated [6, 7].

Studies have already illustrated that individuals with
subclinical thyroid dysfunction were associated with an
increased risk of fractures, and the prevalence of fractures
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was increased when thyroid-stimulating hormone was
reduced from the reference range [8]; however, these
associations did not persist. Although numerous systematic
reviews and meta-analyses have already conducted to
evaluate the relation between subclinical thyroid dysfunc-
tion and fracture or BMD at various sites, these studies just
pooled the data from individual studies and updated the
pooled conclusion [9–14]. However, whether these asso-
ciations differ according to the patients’ characteristics
remain limited and inconclusive. Therefore, the current
meta-analysis was conducted based on a prospective cohort
study to systematically explore any potential impacts of
subclinical thyroid dysfunction (including subclinical
hyperthyroidism and subclinical hypothyroidism) on frac-
ture and BMD at various sites. Moreover, the relationship
between subclinical thyroid dysfunction and fractures at
various sites according to age, sex, cutoffs of the subclinical
hyperthyroidism and subclinical hypothyroidism defini-
tions, follow-up duration, and the relation between sub-
clinical thyroid dysfunction and BMD at various sites
according to sex were also illustrated.

Methods

Data sources, search strategy, and selection criteria

This comprehensive systematic review and meta-analysis
was carried out and reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Statement [15]. Studies that were designed as prospective
cohort studies and evaluated the associations of subclinical
hyperthyroidism or subclinical hypothyroidism with the
fracture and BMD at various sites was eligible in this meta-
analysis. Furthermore, there were no restrictions on the
published language and status of the status. The electronic
searches were placed on PubMed, EmBase, and the
Cochrane library, and the cutoff date for searching data was
May 2019. The core search terms included (“thyroid” OR
“thyrotropin” OR “hyperthyroidism” OR “Hypothyroid-
ism”) AND (“bone mineral density” OR “fracture”) AND
“human”. The reference lists of retrieved studies were also
searched manually to identify any new eligible study.

The literature search and study selection were indepen-
dently carried out by two reviewers, and any disagreement
was settled by group discussion. The inclusion criteria of
this meta-analysis are as follows: (1) study design, pro-
spective cohort study; (2) participants, individuals who did
not present fractures at baseline; (3) exposure and control,
subclinical hyperthyroidism or subclinical hypothyroidism
compared with normal thyroid-stimulating hormone; (4)
outcomes, the study should have reported at least one of the
following outcomes: any fracture, hip fracture, spine

fracture, non-spine fracture, and BMD at various sites. If the
study reported several multivariable adjusted effect esti-
mates, we selected the effect estimate that was maximally
adjusted for potential confounders.

Data collection and quality assessment

Two independent reviewers performed the data extraction
and quality assessment, and conflicts were resolved by
group discussion by referring to the original articles until a
consensus was reached. The collected data items included
the first author and study groups’ name, publication year,
country, sample size, mean age, percentage male, cutoff
values of subclinical hypothyroidism and subclinical
hyperthyroidism, thyroid medication, follow-up duration,
adjusted factors, and investigated outcomes. The quality of
the included studies was evaluated using the Newcastle-
Ottawa Scale (NOS), which is a comprehensive and par-
tially validated method for assessing the quality of obser-
vational study in a meta-analysis [16]. A “star system” of
NOS to evaluate the quality of the observational study
ranged from 0–9, and studies with 7–9 stars were con-
sidered as high quality.

Statistical analysis

The associations of subclinical hyperthyroidism and sub-
clinical hypothyroidism with the risk of any fracture, hip
fracture, spine fracture, non-spine fracture were assessed
through effect estimates and 95% confidence intervals (CIs)
in each included study, and the pooled relative risks (RRs)
with its 95% CIs were calculated using the random-effects
model [17, 18]. Moreover, the impacts of subclinical
hyperthyroidism and subclinical hypothyroidism on BMD
at various sites were calculated using weighted mean dif-
ference (WMD) and its 95% CI, and the pooled analysis
using the random-effects model [17, 18]. Heterogeneity
across the included studies were assessed using the I-square
and P-value by Q statistic, and I-square > 50.0% or P < 0.10
was regarded as significant heterogeneity [19, 20]. Sensi-
tivity analyses were conducted to assess the stability of the
pooled conclusion and the impacts of single studies from
the overall analysis [21]. After this, subgroup analyses for
the risk of fracture at various sites were conducted based on
age, sex, cutoff of subclinical hyperthyroidism and sub-
clinical hypothyroidism definition, and follow-up duration.
Moreover, the results of BMD at various sites between
subclinical thyroid dysfunction and normal thyroid-
stimulating hormone were calculated and stratified by sex.
Next, the interaction test was conducted to compare dif-
ferences between estimates of the two subgroups based on
the Student’s t distribution rather than on a normal dis-
tribution [22]. Publication biases for the investigated
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outcomes were calculated using the funnel plots, Egger, and
Begg test analyses [23, 24]. The P-value for all pooled
results are two-sided, and P < 0.05 was considered as sta-
tistically significant. All the statistical analyses in this study
were conducted using the STATA software (version 12.0;
Stata Corporation, College Station, TX, USA).

Results

Literature search

The details of the study selection process are presented in
Fig. 1. The electronic searches produced 1942 records, and
892 were excluded due to duplicate topics. Moreover, 1001
articles were excluded due to irrelevant topics, and 49 studies
were selected for full-text evaluations. After detailed eva-
luations, 17 prospective cohorts from 24 studies were
selected for the final meta-analysis [25–48]. A manual search
of the reference lists of these studies did not yield any new
eligible studies. The baseline characteristics of the included
studies and enrolled patients are summarized in Table 1.

Study characteristics

Seventeen prospective cohorts from 24 studies that
recruited a total of 313,557 individuals were included.
These studies were published between 2001 and 2014, and
367–231,355 participants were included in each cohort.
The mean age of the included patients ranged from 51.0 to
85.0 years, and the follow-up duration ranged from 3.20 to
20.20 years. The cutoff values of subclinical

hypothyroidism ranged from 3.50 to 5.50, and the cutoff
values of subclinical hyperthyroidism ranged from 0.30 to
0.55. Sixteen cohorts were reported in western countries,
and one cohort was reported in an eastern country. The
NOS of the included studies ranged from 8 to 9, and all the
studies were of high quality.

Any fracture

The breakdown for the number of studies available for the
associations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of any fracture included 11
and 10 cohorts, respectively. We noted that subclinical
hyperthyroidism was associated with an increased risk of
any fracture (RR, 1.17; 95% CI, 1.08–1.26; P < 0.001; with
no evidence of heterogeneity; Fig. 2), whereas subclinical
hypothyroidism was not associated with the risk of any
fracture (RR, 1.14; 95% CI, 0.95–1.38; P= 0.166; with
significant heterogeneity; Fig. 2). The relation between
subclinical hyperthyroidism and subclinical hypothyroidism
with the risk of any fracture were not statistically significant
(P= 0.941). Sensitivity analyses indicated that these con-
clusions were stable and not altered by sequential excluding
of the individual cohort (Online Resource 1). No significant
publication biases for the impacts of subclinical hyper-
thyroidism (P-value for Egger: 0.375; P-value for Begg:
0.876) and subclinical hypothyroidism (P-value for Egger:
0.644; P-value for Begg: 0.721) on the risk of any fractures
(Online Resource 2).

Hip fracture

The breakdown for the number of studies available for the
associations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of hip fracture included 13 and
13 cohorts, respectively. The pooled RR suggested sub-
clinical hyperthyroidism produce an excess risk of hip frac-
ture (RR, 1.27; 95% CI, 1.09–1.48; P= 0.003; with no
evidence of heterogeneity; Fig. 3), whereas there was no
significant association between subclinical hypothyroidism
and hip fracture (RR, 1.14; 95% CI, 0.99–1.31; P= 0.068;
with unimportant heterogeneity; Fig. 3). The differences for
the potential impacts of subclinical hyperthyroidism or sub-
clinical hypothyroidism on the risk of hip fracture were not
statistically significant (P= 0.283). The summary conclusion
for the relation between subclinical hyperthyroidism and hip
fracture risk was stable, whereas for subclinical hypothyr-
oidism was variable due to marginal 95% CI (Online
Resource 1). No significant publication biases for the relation
of subclinical hyperthyroidism (P-value for Egger: 0.303; P-
value for Begg: 0.760) or subclinical hypothyroidism (P-
value for Egger: 0.862; P-value for Begg: 0.760) with the
risk of hip fracture (Online Resource 2).

Articles identified after duplicate removed (n=1050)   

Articles reviewed in details (n=49)

Articles excluded (n=25)

Retrospective design (n=14)

No sufficient data (n=8)

No appropriate control (n=3)

24 studies (17 cohorts) included

Articles from PubMed, EmBase 

and the Cochrane (n=1942)

Additional records identified

from reference lists (n=216)

Abstracts and title excluded 

  during first screening (n=1001)

Fig. 1 Flow diagram of the literature search and study selection
process
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Spine fracture

The breakdown for the number of studies available for the
associations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of spine fracture was 7 cohorts
and 6 cohorts, respectively. We noted that subclinical
hyperthyroidism was associated with an increased risk of
spine fracture (RR, 1.97; 95% CI, 1.31–2.97; P= 0.001;
with no evidence of heterogeneity; Fig. 4), whereas no
significant association between subclinical hypothyroidism
and spine fracture was detected (RR, 0.95; 95% CI,
0.63–1.44; P= 0.818; with no evidence of heterogeneity;
Fig. 4). We noted significant difference regarding the
associations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of spine fracture (P= 0.014).
Sensitivity analyses indicated these conclusions were stable
and not altered by any single cohort (Online Resource 1).
There was no significant publication bias for the relation
between subclinical hyperthyroidism (P-value for Egger:
0.382; P-value for Begg: 0.548) or subclinical hypothyr-
oidism (P-value for Egger: 0.201; P-value for Begg: 0.452)
and the risk of spine fracture (Online Resource 2).

Non-spine fracture

The breakdown for the number of studies available for the
associations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of non-spine fracture was 10
cohorts and 8 cohorts, respectively. We noted subclinical
hyperthyroidism produce additional risk of non-spine frac-
ture (RR, 1.19; 95% CI, 1.04–1.37; P= 0.014; with no
evidence of heterogeneity; Fig. 5), whereas subclinical
hypothyroidism was not associated with the risk of non-
spine fracture (RR, 1.09; 95% CI, 0.93–1.27; P= 0.277;
with no evidence of heterogeneity; Fig. 5). The relation
between subclinical hyperthyroidism and subclinical hypo-
thyroidism with the risk of non-spine fracture was not
associated with statistically significant (P= 0.406). The
results of sensitivity analyses indicated these conclusions
are stable and not changed by sequential excluding included
cohorts (Online Resource 1). No significant publication
biases for subclinical hyperthyroidism (P-value for Egger:
0.605; P-value for Begg: 0.858) and subclinical hypothyr-
oidism (P-value for Egger: 0.561; P-value for Begg: 0.536)
with the risk of non-spine fracture (Online Resource 2).

Subgroup analysis

The results of subgroup analyses for the associations of
subclinical hyperthyroidism with the risk of fracture at
various sites are shown in Table 2. Although subclinical
hyperthyroidism was associated with an increased risk of
any fracture, hip fracture, spine fracture, and non-spineTa
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fracture in mostly subsets, we noted no significant asso-
ciation between subclinical hyperthyroidism and any frac-
ture risk when study just included men, and follow-up

duration ≥ 10.0 years. Moreover, there was no significant
association between subclinical hyperthyroidism and the
risk of hip fracture when the mean age of individuals < 70.0

RR

.3 .5 1 2

 Study
 R R
 (95% CI)

 Subclinical hyperthyroidism

 Gussekloo (Leiden 85−Plus)   1.24 ( 0.49, 3.11)

 Rodondi (Health−ABC)   1.48 ( 1.05, 2.10)

 Walsh (BHS)   0.41 ( 0.10, 1.63)

 van der Deure (Rotterdam)   1.20 ( 0.85, 1.68)

 Flynn (TEARS)   1.13 ( 0.92, 1.39)

 Boekholdt (EPICNorfolk)   1.40 ( 0.91, 2.15)

 Nanchen (PROSPER)   1.41 ( 0.87, 2.29)

 Svare (HUNT2)   1.10 ( 0.85, 1.44)

 Waring (MrOS)   1.60 ( 0.71, 3.61)

 Ceresini (InCHIANTI)   1.31 ( 0.66, 2.61)

 Abrahamsen (OPENTHYRO)   1.13 ( 1.01, 1.26)

 Subtotal   1.17 ( 1.08, 1.26); P<0.001
  (I-square: 0.0%; P=0.763)

 Subclinical hypothyroidism

 Gussekloo (Leiden 85−Plus)   0.61 ( 0.20, 1.84)

 Rodondi (Health−ABC)   0.97 ( 0.77, 1.22)

 Walsh (BHS)   1.25 ( 0.72, 2.16)

 van der Deure (Rotterdam)   1.20 ( 0.84, 1.71)

 Flynn (TEARS)   1.83 ( 1.41, 2.37)

 Boekholdt (EPICNorfolk)   0.92 ( 0.64, 1.32)

 Nanchen (PROSPER)   1.13 ( 0.78, 1.64)

 Svare (HUNT2)   0.94 ( 0.63, 1.40)

 Waring (MrOS)   1.00 ( 0.64, 1.58)

 Ceresini (InCHIANTI)   1.71 ( 0.79, 3.74)

 Subtotal   1.14 ( 0.95, 1.38); P=0.166
  (I-square: 54.1%; P=0.021)

Fig. 2 Associations of subclinical hyperthyroidism and subclinical hypothyroidism with the risk of any fracture

RR

.3 .5  1 2

 Study
 RR
 (95% CI)

 Bauer (SOF)   2.39 ( 1.11, 5.17)

 Gussekloo (Leiden 85−Plus)   2.33 ( 0.90, 6.02)

 Rodondi (Health−ABC)   1.17 ( 0.57, 2.41)

 Walsh (BHS)   0.55 ( 0.03, 9.20)

 van der Deure (Rotterdam)   1.03 ( 0.54, 1.99)

 Finigan   0.52 ( 0.08, 3.42)

 Flynn (TEARS)   1.08 ( 0.84, 1.39)

 Lee (CHS)   1.37 ( 0.90, 2.08)

 Boekholdt (EPICNorfolk)   1.38 ( 0.73, 2.61)

 Murphy (OPUS)   0.85 ( 0.10, 7.06)

 Svare (HUNT2)   1.24 ( 0.86, 1.79)

 Waring (MrOS)   3.09 ( 0.96, 9.94)

 Ceresini (InCHIANTI)   2.03 ( 0.91, 4.52)

 Subtotal   1.27 ( 1.09, 1.48); P=0.003
  (I-square: 0.0%; P=0.505)

 Imaizumi (RERF)   0.54 ( 0.25, 1.18)

 Gussekloo (Leiden 85−Plus)   0.38 ( 0.05, 2.72)

 Rodondi (Health−ABC)   0.90 ( 0.59, 1.38)

 Walsh (BHS)   2.00 ( 0.84, 4.75)

 van der Deure (Rotterdam)   1.25 ( 0.67, 2.34)

 Finigan   1.84 ( 1.04, 3.25)

 Lee (CHS)   1.31 ( 1.01, 1.70)

 Boekholdt (EPICNorfolk)   0.92 ( 0.53, 1.58)

 Murphy (OPUS)   5.68 ( 0.25, 131.00)

 Svare (HUNT2)   0.92 ( 0.50, 1.67)

 Waring (MrOS)   1.14 ( 0.51, 2.51)

 Ceresini (InCHIANTI)   1.15 ( 0.35, 3.72)

 Abrahamsen (OPENTHYRO)   1.13 ( 0.97, 1.31)

 Subtotal   1.14 ( 0.99, 1.31); P=0.068
  (I-square: 11.3%; P=0.332)

 Subclinical hyperthyroidism

 Subclinical hypothyroidism

Fig. 3 Associations of subclinical hyperthyroidism and subclinical hypothyroidism with the risk of hip fracture
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years, study just included men, used other cutoff value of
subclinical hyperthyroidism, and follow-up duration ≥ 10.0
years. Furthermore, subclinical hyperthyroidism was not
associated with the risk of spine fracture if the mean age of
individuals < 70.0 years, study just included men, and used
other cutoff value of subclinical hyperthyroidism. Addi-
tionally, no significant association of subclinical

hyperthyroidism with the risk of non-spine fracture when
the mean age of individuals < 70.0 years, the study just
included men or women, the study used 0.45 as cutoff value
of subclinical hyperthyroidism, and irrespective follow-up
duration. Finally, the associations of subclinical hyper-
thyroidism with the risk of hip fracture could affect by the
participants’ age (P= 0.024). The results of subgroup

RR

.3 .5 1 2

 Study
 RR
 (95% CI)

 Bauer (SOF)   3.43 ( 1.52, 7.71)
 Rodondi (Health−ABC)   2.10 ( 1.06, 4.16)
 Walsh (BHS)   1.13 ( 0.06, 20.60)
 van der Deure (Rotterdam)   1.30 ( 0.60, 2.85)
 Boekholdt (EPICNorfolk)   2.01 ( 0.26, 15.30)
 Waring (MrOS)   1.29 ( 0.18, 9.40)
 Ceresini (InCHIANTI)   0.69 ( 0.03, 14.30)

 Subtotal   1.97 ( 1.31, 2.97); P=0.001
  (I-square: 0.0%; P=0.720)

 Rodondi (Health−ABC)   0.58 ( 0.30, 1.13)
 Walsh (BHS)   0.94 ( 0.12, 7.20)
 van der Deure (Rotterdam)   1.38 ( 0.63, 3.01)
 Boekholdt (EPICNorfolk)   1.83 ( 0.42, 8.05)
 Waring (MrOS)   0.92 ( 0.33, 2.59)
 Ceresini (InCHIANTI)   2.93 ( 0.36, 23.60)

 Subtotal   0.95 ( 0.63, 1.44); P=0.818
  (I-square: 0.0%; P=0.431)

 Subclinical hyperthyroidism

 Subclinical hypothyroidism

Fig. 4 Associations of subclinical hyperthyroidism and subclinical hypothyroidism with the risk of spine fracture

RR

.3 .5 1 2

 Study
 RR
 (95% CI )

 Bauer (SOF)   2.10 ( 1.11, 4.00)
 Rodondi (Health−ABC)   1.29 ( 0.85, 1.96)
 Walsh (BHS)   0.43 ( 0.11, 1.75)
 van der Deure (Rotterdam)   1.16 ( 0.81, 1.66)
 Finigan   1.55 ( 0.57, 4.21)
 Flynn (TEARS)   1.11 ( 0.90, 1.37)
 Boekholdt (EPICNorfolk)   1.36 ( 0.88, 2.11)
 Murphy (OPUS)   0.84 ( 0.50, 1.43)
 Waring (MrOS)   1.54 ( 0.63, 3.75)
 Ceresini (InCHIANTI)   1.45 ( 0.73, 2.90)

 Subtotal   1.19 ( 1.04, 1.37); P=0.014
  (I-square: 0.0%; P=0.472)

 Rodondi (Health−ABC)   1.02 ( 0.79, 1.31)
 Walsh (BHS)   1.24 ( 0.70, 2.20)
 van der Deure (Rotterdam)   1.15 ( 0.80, 1.67)
 Finigan   1.84 ( 1.04, 3.25)
 Boekholdt (EPICNorfolk)   0.90 ( 0.62, 1.31)
 Murphy (OPUS)   0.38 ( 0.02, 6.20)
 Waring (MrOS)   0.99 ( 0.60, 1.61)
 Ceresini (InCHIANTI)   1.56 ( 0.67, 3.61)

 Subtotal   1.09 ( 0.93, 1.27); P=0.277
  (I-square: 0.0%; P=0.522)

 Subclinical hyperthyroidism

 Subclinical hypothyroidism

Fig. 5 Associations of subclinical hyperthyroidism and subclinical hypothyroidism with the risk of non-spine fracture
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analyses for the associations of subclinical hypothyroidism
with the risk of fracture at various sites are shown in Online
resource S3. We noted the no significant impacts of sub-
clinical hypothyroidism on the risk of fracture at various
sites in mostly subsets. However, we noted subclinical
hypothyroidism was associated with an increased risk of hip
fracture when used other cutoff value of subclinical hypo-
thyroidism. Finally, we noted the association of subclinical
hypothyroidism with the risk of any fracture could affect by
cutoff value of subclinical hypothyroidism and follow-up
duration.

BMD at various sites

The results for the impacts of subclinical hyperthyroidism
or subclinical hypothyroidism on BMD at various sites are
summarized in Online resource S4. We noted subclinical
hypothyroidism was associated with an increased femur
neck BMD in women (WMD: 0.04; 95% CI, 0.01 to 0.08;
P= 0.026). Moreover, subclinical hyperthyroidism was
associated with a reduced distal forearm BMD in women
(WMD: −0.03; 95% CI, −0.05 to −0.00; P= 0.039).
Furthermore, subclinical hyperthyroidism was associated
with lower ultradistal forearm BMD in men (WMD: −0.03;
95% CI, −0.05 to −0.00; P= 0.031) and women (WMD:
−0.03; 95% CI, −0.05 to −0.00; P= 0.027). No other
significant difference was detected for the impacts of sub-
clinical hyperthyroidism or subclinical hypothyroidism on
BMD at other sites.

Discussion

The current meta-analysis of prospective cohort studies
aimed to explore any potential correlations between sub-
clinical hyperthyroidism or subclinical hypothyroidism and
the outcomes of fracture and BMD at various sites. This
comprehensive quantitative study included 313,557 indivi-
duals from 17 cohorts published in 24 studies with a wide
range of individuals’ characteristics. The results of this
meta-analysis indicated that subclinical hyperthyroidism
produces excess risk of any fracture, hip fracture, spine
fracture, and non-spine fracture, whereas subclinical hypo-
thyroidism was not associated with the risk of any fracture,
hip fracture, spine fracture, and non-spine fracture. The
BMD at the femur neck, distal forearm, and ultradistal
forearm could be affected by subclinical hyperthyroidism or
subclinical hypothyroidism. Finally, the individuals’ age
could affect the relationship between subclinical hyper-
thyroidism and hip fracture, whereas the relationship
between subclinical hypothyroidism and any fracture could
be affected by the cutoff of the subclinical hypothyroidism
definition and follow-up duration.

The results and limitations of previous systematic reviews
and meta-analyses have already presented in Table 3. The
current updated meta-analysis was conducted based on
prospective cohort studies to evaluate the relationship of
subclinical hyperthyroidism or subclinical hypothyroidism
with the risk of fracture and BMD at various sites to address
the limitations of previous studies [9–14]. The summary
results indicated that subclinical hyperthyroidism was
associated with the excess risk of any fracture, hip fracture,
spine fracture, and non-spine fracture, which was consistent
with previous meta-analyses [9, 11, 14]. The included stu-
dies reported a positive trend for the impacts of subclinical
hyperthyroidism on fractures at various sites. The potential
reason for this significant association could be due to the
follow mechanisms: (1) the direct impacts of thyroid hor-
mones on osteoclasts, since subclinical hyperthyroidism
was associated with low thyroid-stimulating hormone and
produces greater bone turnover and bone loss [49, 50];
(2) individuals presented with subclinical hyperthyroidism
could have decreased thigh muscle strength and thus a
greater risk of fall-related fractures [51]; and (3) subclinical
hyperthyroidism was associated with an increased risk of
osteoporosis that caused vulnerabilities to fractures [52, 53].
The results of the subgroup analyses indicated that the
relationship between subclinical hyperthyroidism and hip
fracture could be affected by an individual’s age. The
potential reason for this could be the severity of osteo-
porosis. Furthermore, BMD could be affected by an indi-
vidual’s age, and the synthetic effects of age and low BMD
could affect the relationship between subclinical hyper-
thyroidism and hip fracture.

The summary results of this study indicated no sig-
nificant associations of subclinical hypothyroidism with the
risk of any fracture, hip fracture, spine fracture, and non-
spine fracture, which were inconsistent with previous meta-
analysis [14]. The potential reasons for this included: (1)
individuals with subclinical hypothyroidism were sig-
nificantly correlated with bone metabolism disorders,
whereas there were no significantly impacts on BMD levels
at various sites [54]; and (2) the effects of exogenous and
endogenous thyroid hormone differed due to different
metabolic pathways [55]. Subgroup analyses indicated that
subclinical hypothyroidism was associated with an
increased risk of hip fracture when other cutoff values of
thyroid-stimulating hormone were used. Moreover, cutoff
values of subclinical hypothyroidism and follow-up dura-
tion could affect the relationship between subclinical
hypothyroidism and the risk of any fracture. The potential
reasons for this included: (1) the cutoff value could deter-
mine the categories of subclinical hypothyroidism and
euthyroid, which could affect the absolute effect estimate
for the relationship between subclinical hypothyroidism and
fracture at various sites; and (2) the duration of follow-up
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were significantly correlated with the background therapies,
severity of disease, other chronic disease, and the number of
events that occurred. Finally, we noted that subclinical
hyperthyroidism induces low-distal forearm BMD in
women, and ultradistal forearm BMD in men and women.
Moreover, high femur neck BMD in women with sub-
clinical hypothyroidism was observed. However, these
results were not stable due to the smaller number of
included studies that reported the impacts of subclinical
hyperthyroidism and subclinical hypothyroidism on BMD
at various sites.

Several limitations in this meta-analysis should be
mentioned: (1) the adjusted factors were not consistent
among included studies, which might affect the progression
of fractures at various sites; (2) the cutoff values of sub-
clinical hyperthyroidism and subclinical hypothyroidism
could affect the absolute effect estimates for the assessed
relationship between subclinical thyroid dysfunction and
fracture risk; (3) the analysis on the basis of published
articles and publication bias was inevitable; and (4) the
individual data from the included studies were not available,
which prevented us from conducting more detail stratified
analyses.

In conclusion, the findings of this study suggested that
subclinical hyperthyroidism was a potential risk factor on
the incidences of any fracture, hip fracture, spine fracture,
and non-spine fracture. However, subclinical hypothyroid-
ism has no significant effects on the risk of any fracture, hip
fracture, spine fracture, and non-spine fracture. Moreover,
subclinical hyperthyroidism and subclinical hypothyroidism
might play an important role on BMD at the femur neck,
distal forearm, and ultradistal forearm. Finally, the asso-
ciations of subclinical hyperthyroidism and subclinical
hypothyroidism with the risk of any fracture and hip frac-
ture might be affect by the individual’s age, cutoff value,
and follow-up duration.
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