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3. Timeline: Data is currently available. Analysis is planned to start as soon as
approval is obtained and will take between 3 and 6 months. Manuscript will be prepared
during the 3 months following the completion of the analysis.

4. Rationale:

Thyroid dysfunction is a well-established risk factor for several cardiovascular (1, 2)
and bone-related (3, 4) outcomes. Patients with overt thyroid dysfunction are usually
symptomatic, readily diagnosed, and should be treated with anti-thyroid medication in the
case of overt hyperthyroidism and thyroid hormone replacement therapy in the case of
overt hypothyroidism (5, 6, 7). However, less is known about subclinical thyroid
dysfunction and there is debate regarding whether to treat subclinical hyperthyroidism
and subclinical hypothyroidism, defined as suppressed or elevated thyrotropin (TSH),
respectively, in the context of reference range free thyroxine (T4) and triiodothyronine
(T3) (8-10).

Subclinical thyroid dysfunction is fairly prevalent in the general population, with a
prevalence of 5.0% among US adults who do not have a history of thyroid disease or
prior thyroid medication use. Subclinical hypothyroidism is more common (4.3%) than
subclinical hyperthyroidism (0.7%) (10). Subclinical thyroid dysfunction can be a result
of endogenous or exogenous causes. In measuring subclinical thyroid dysfunction
prevalence, it is important to distinguish between these two separate etiologies. As well,
prevalence estimates vary by cut-point used.

The prevalence of endogenous subclinical hyperthyroidism is estimated to be 0.2%
using the TSH cut-point < 0.1 mU/L from the National Health and Nutrition
Examination. However, exogenous subclinical hyperthyroidism, namely due to thyroid-
hormone replacement for hypothyroidism, is prevalent in roughly 9% of US adults (11),
and thus contributes significantly to the overall prevalence of subclinical
hyperthyroidism. Studies estimate that between 20-40% of individuals on thyroid
hormone replacement therapy develop subclinical hyperthyroidism (12, 13). An overall
estimate of subclinical hyperthyroidism, for both endogenous and exogenous causes,
ranges from 0.7% to 2.2% in an adult population (11, 12). Although these two causes of
subclinical hyperthyroidism (exogenous and endogenous) are different, their clinical
effects appear to be very similar (14, 15). Endogenous subclinical hypothyroidism is
prevalent in 3.9% of the adult population from NHANES 111, while exogenous subclinical
hypothyroidism is prevalent in 11% of those taking medication (11). Overall, subclinical
hypothyroidism is prevalent in 4.3% to 9.5% of the US adult population (11, 12).

As there exists much debate over treatment guidelines for subclinical thyroid
dysfunction, studies have measured follow-up TSH concentrations to assess progression
of disease. A recent study found that after an average of 32-month follow up among those
with subclinical hyperthyroidism at baseline, 56.7% of the patients remained subclinical,
11.8% progressed to overt hyperthyroidism, and 31.6% reverted to euthyroid level (16).
Moreover, among patients with subclinical hypothyroidism at baseline, 28% progressed
to overt hypothyroidism, while 68% remained subclinical and 4% reverted to euthyroid
over 9.2 years of follow up (17). With the majority of patients remaining subclinical, this
warrants the investigation of clinical outcomes associated with subclinical thyroid
dysfunction.



The existing literature linking subclinical thyroid dysfunction to clinical risks is
inconsistent. Several studies have reported associations between subclinical
hyperthyroidism and incident cardiovascular outcomes and all-cause mortality (18-24).
However, other studies have found no association for these various cardiovascular
outcomes (22, 25-27), including 3 meta-analyses (28-30) as well as a major report (10).
The literature has been somewhat conflicting for subclinical hypothyroidism, with some
studies reporting an association with CVD and mortality (25, 31, 32), while others have
not (22, 33, 34). However, a recent meta-analysis that extracted individual-level data
from over 25,000 study participants demonstrates an association (35).

There are known effects of the thyroid hormones on bone and mineral metabolism,
as shown in studies on patients with overt hyperthyroidism (3, 4, 36) and hypothyroidism
(4, 36) as well as mechanistic papers assessing thyroid function and impact on bone
mineralization (37, 38). Abnormal thyroid hormone levels, T3 and T4, in the setting of
overt thyroid dysfunction, have a direct impact on bone metabolism. Elevated levels of
thyroid hormones, T3 and T4, in the case of overt hyperthyroidism, accelerate bone
resorption without compensatory bone formation, and thus reduce bone density (38, 39).
Suppressed levels of T3 and T4, in the case of overt hypothyroidism, are not as well
understood, however studies (4, 40, 41) have demonstrated that hypothyroid individuals
have decreased bone resorption, with either normal or slightly increased bone mass (4). It
is suggested that the apparent increased risk of fractures in hypothyroid individuals could
be explained by reduced bone remodeling and renewal, or by confounding comorbidities,
such as obesity, cardiovascular disease and neuromuscular complications that are
associated with hypothyroidism and could lead to increased risk of fracture (4).
Moreover, treatment of hypothyroidism with thyroid hormones increases bone resorption,
causing reduced bone mineral density and increased risk of fracture (37, 38, 42).

However, much less is known regarding the possible clinical relevance of subclinical
thyroid dysfunction on bone-related outcomes. Recent studies demonstrate the presence
of TSH receptors in bone (39) and inhibitory effects of TSH on bone resorption (39, 43),
which suggests that there may be a direct impact of TSH levels on bone metabolism. This
offers plausibility to the association between subclinical thyroid dysfunction and bone
mass. The current epidemiologic evidence linking subclinical thyroid dysfunction to risk
of fracture is sparse and previous studies have been conflicting (44-51). Moreover, a
recent meta-analysis concluded that the mixed results in the existing literature make it
difficult to determine the association between subclinical hyperthyroidism and fractures,
and that further longitudinal research is necessary (52). Better understanding the
association of subclinical thyroid dysfunction and clinical outcomes could inform clinical
guidelines for thyroid screening and treatment, which several studies have suggested as
beneficial for cardiovascular outcomes (53-55) and bone-related outcomes for subclinical
hyperthyroidism (36, 56), but not subclinical hypothyroidism (57-59).

Therefore, the primary aim of this study is to characterize the association between
endogenous subclinical hyperthyroidism and incident fracture-related hospitalization in a
community-based population. The secondary objective is to assess this same association
in those with endogenous subclinical hypothyroidism. It is important to understand these
individuals’ risk of fracture, as persons with endogenous subclinical thyroid dysfunction
would not be detected clinically. A sensitivity analysis will also be performed including
those with exogenous subclinical thyroid dysfunction (due to treatment of either



hyperthyroidism or hypothyroidism), to evaluate if the risk of fracture is similar from
over-treatment.

5. Main Hypothesis/Study Questions:

Aim 1. To evaluate the association between endogenous subclinical hyperthyroidism,
defined as low TSH (<0.56 mU/L) with normal range free thyroixine (fT4),levels (0.85
ng/dL< fT4 <1.4 ng/dL), and incident fracture-related hospitalization.

Hypothesis: Individuals with endogenous subclinical hyperthyroidism will have
higher risk of incident fracture-related hospitalization than euthyroid individuals.

Aim 2. To evaluate the association between endogenous subclinical hypothyroidism,
defined as elevated TSH (>5.1 mU/L) with normal range free thyroixine (fT4) levels
(0.85 ng/dL< fT4 <1.4 ng/dL), and incident fracture-related hospitalization.

Hypothesis: Individuals with endogenous subclinical hypothyroidism will have
higher risk of incident fracture-related hospitalization than euthyroid individuals
due to development of confounding risk factors that increase risk of fracture, such
as obesity, neuromuscular symptoms, and cardiovascular disease.

Aim 3. To perform a cross-sectional analysis evaluating the association between
subclinical thyroid dysfunction and several mineral metabolism markers: 25(0OH)D,
calcium, phosphate and parathyroid hormone

Hypothesis: Individuals with subclinical thyroid dysfunction (both hyper- and
hypo-) will have lower 25(0OH)D levels, low calcium levels, high phosphate levels
and high PTH levels compared euthyroid individuals.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study Design: Prospective cohort analysis of subclinical thyroid dysfunction and incident
fracture-related hospitalization. Thyroid function tests were assessed at visit 2 which will
serve as baseline for the present study.

Study Population (Inclusion/Exclusion Criteria):

All ARIC participants who attended visit 2 and who did not meet any of the following
exclusion criteria:

-ldentify as non-white race in Minnesota or Maryland

-The small number of persons who were neither black nor white

-Taking thyroid medication (anti-thyroid medication or thyroid replacement therapy) at
visit 2

-History of hospitalized fracture prior to visit 2




Exposure:
Thyroid-stimulating hormone (TSH, thyrotropin) and free thyroxine (FT4) were

measured in 2012-2013 at the University of Minnesota in stored serum samples originally
collected from ARIC participants at visit 2 (1990-1992). For the main analyses,
subclinical hyperthyroidism is defined from ARIC-derived cut-points: TSH <0.56 mU/L
and 0.85 ng/dL < FT4 <1.4 ng/dL, excluding participants on thyroid medication.
Subclinical hypothyroidism is defined from ARIC-derived cut-points: TSH >5.1 mU/L
and 0.85 ng/dL< FT4 <1.4 ng/dL, excluding participants on anti-thyroid treatment. In
sensitivity analyses, we will examine the associations using cut-points provided by the
manufacturer (Roche Diagnostics).

Laboratory Methods: Thyroid-stimulating hormone (TSH, thyrotropin)

Thyroid-stimulating hormone was measured in serum on a Roche Elecsys 2010 Analyzer
(Roche Diagnostics Corporation) using a sandwich immunoassay method (Roche
Diagnostics, Indianapolis). The lower and upper limits of detection were 0.005 mU/L and
1,000 mU/L, respectively. The inter-assay CVs from the University of Minnesota were
7.6% at a concentration of 0.195 mU/L and 4.5% at a concentration of 1.98 mU/L.

Laboratory Methods: Free Thyroxine (FT4)

Thyroxine (free) was measured in serum on a Roche Elecsys 2010 Analyzer (Roche
Diagnostics Corporation) using a competition immunoassay method (Roche Diagnostics,
Indianapolis). The lower and upper limits of detection were 0.023 mU/L and 7.77 mU/L,
respectively. The inter-assay CVs from the University of Minnesota were 4.2% at a
concentration of 1.22 ng/dL and 4.5% at a concentration of 2.84 ng/dL.

Outcome:

Fracture information was obtained from hospitalization data that was ascertained from
annual telephone contact with study participants and through active surveillance of
hospitalizations occurring in all study communities. ARIC hospitalization data are
currently available through December 31, 2011. Incident fracture was defined using
ICD9 discharge codes after visit 2 (1990-1992) of 733.1-733.19 (pathologic fractures),
733.93-733.98 (stress fracture), and 800-829 (fracture by injury). We

categorized all diagnostic and procedural ICD-9 codes of each hospitalization using the
Clinical Classification Software (CCS) developed by the Agency for Healthcare Quality
and Research. The diagnostic ICD-9 codes for each hospitalization were classified into
18 systems-based categories and then sub-classified into 285 disease-based categories
and the procedural ICD-9 codes were classified into 16 systems-based categories and
then sub-classified into 231 disease-based categories (60).

Covariates:

Age (years, continuous), sex (male/female), race/field center (Maryland whites;
Minnesota whites, North Carolina whites; North Carolina blacks; Mississippi blacks),
education level (categorical), body mass index (continuous), smoking



(current/former/never), alcohol use (current/former/never), physical activity (categorical
score), diabetes (yes/no), menopausal status in women (yes/no), 25(OH)D, calcium,
phosphate, PTH, use of thyroid medications during follow up (thyroid hormones, anti-
thyroid medications), and use of other medications related to fracture risk: anticoagulants
(harmful), oral steroids (harmful), bisphosphonates (protective), thiazide diuretics
(protective), statins (protective) estrogens (protective), beta-blockers (protective), vitamin
D supplementation (protective).

Statistical Analysis:

We will use standard survival analysis methods and Cox proportional hazards models to
evaluate the association of baseline subclinical thyroid dysfunction (vs euthyroid) with
risk of incident fracture-related hospitalization. We will also employ Fine & Gray’s
competing risk method (61) to account for intervening deaths, giving the associations
between subclinical thyroid dysfunction and mortality.

Sensitivity Analyses:
We will perform seven sensitivity analyses:

1. Sensitivity analysis evaluating the association between subclinical hyperthyroidism,
including both endogenous and exogenous cases, and risk of fracture-related
hospitalization and compare the strength of association to that observed for just
endogenous subclinical hyperthyroidism (Aim 1).
2. Sensitivity analysis evaluating the association between subclinical hypothyroidism,
including both endogenous and exogenous cases, and risk of fracture-related
hospitalization and compare the strength of association to that observed for just
endogenous subclinical hypothyroidism (Aim 2).
3. Sensitivity analysis comparing the strength of association between endogenous
subclinical thyroid dysfunction and incident fracture using ARIC cut-points and the more
specific Roche cut-points.
a. Subclinical Hyperthyroidism: ARIC (TSH< 0.56 mU/L and 0.85ng/dL< FT4
<1.4 ng/dL) vs Roche (TSH<0.27 mU/L and 0.93 ng/dL <FT4<1.7 ng/dL).
b. Subclinical Hypothyroidism: ARIC (TSH>5.1 mU/L and 0.85ng/dL< FT4 <1.4
ng/dL) vs Roche (TSH>4.2 mU/L and 0.93 ng/dL <FT4<1.7 ng/dL).
4. Sensitivity analysis using data only from North Carolina to assess race-field center
aliasing.
5. Accounting for progression to overt thyroid dysfunction by excluding those who are
identified as taking anti-thyroid medication or thyroid hormones during the follow-up
visits.
6. Sensitivity analysis looking at pathologic fractures (ICD9 733.1-733.19) and stress
fractures (ICD9 733.93 - 733.98; ICD9 800-829) as separate outcomes.
7. Sensitivity analysis assessing the associations between subclinical thyroid dysfunction
and different fracture sites.

Potential effect modifiers:




We will test for interaction by age, race, sex and menopausal status (in women). A
stratified analysis will be performed if statistically significant effect modification for any
of the mediators is observed, using p-interaction < 0.10.

Limitations:

We are limited by the one set of thyroid measurements at visit 2, and thus cannot
characterize the progression of subclinical thyroid dysfunction from visit 2, using TSH,
free T4 and T3. However, we will conduct sensitivity analyses censoring those who use
thyroid medication after visit 2 to account for incident treatment. The ascertainment of
the outcome through ICD-9 codes will limit us to the most severe cases of fracture
(inpatient hospitalizations only), however this is a highly specific outcome and it is these
cases that result in greatest burden of morbidity and healthcare resources.Lastly, because
this is an observational study only, we will not be able to rule out the potential for
confounding.

7.a. Will the data be used for non-CVD analysis in this manuscript? X _Yes
No

b. If Yes, is the author aware that the file ICTDERO3 must be used to exclude
persons with a value RES_OTH = “CVD Research” for non-DNA analysis, and
for DNA analysis RES_DNA = “CVD Research” would be used? _X_Yes
No
(This file ICTDER has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript?
Yes _X_No

8.b. If yes, is the author aware that either DNA data distributed by the
Coordinating Center must be used, or the file ICTDERO3 must be used to
exclude those with value RES_DNA = “No use/storage DNA”?

Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing
ARIC Study manuscript proposals and has found no overlap between this
proposal and previously approved manuscript proposals either published or still
in active status. ARIC Investigators have access to the publications lists under the
Study Members Area of the web site at: http://www.cscc.unc.edu/ARIC/search.php

_X_Yes No
10. What are the most related manuscript proposals in ARIC (authors are

encouraged to contact lead authors of these proposals for comments on the new
proposal or collaboration)?



MS #1769: Diabetes, Glycemia, and Incident Fracture Risk: The Atherosclerosis
Risk in Communities (ARIC) Study

MS #2151: Thyroid Dysfunction and Venous Thromboembolism
MS #2193: Thyroid Dysfunction and Risk of Chronic Kidney Disease

MS #2329: Ankle-Brachial Index and Long-Term Risk of Fractures: the
Atherosclerosis Risk in Communities (ARIC) Study

MS #2371: Chronic Kidney and Risk of Fracture Hospitalization: the
Atherosclerosis Risk in Communities Study

MS #2376: 25-Hydroxyvitamin D Levels, Vitamin D Binding Protein Gene
Polymorphisms, and Vitamin D3 Epimer with Risk of Incident Fracture-Related
Hospitalization: Twenty-Year Follow Up in a Bi-Ethnic Cohort

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use
any ancillary study data? X _Yes No

ARIC Ancillary Study #2009.24: Subclinical Thyroid Dysfunction and Clinical
Outcomes (Selvin)

11.b. If yes, is the proposal
_X_ A primarily the result of an ancillary study (list number* #2009.24)
___ B. primarily based on ARIC data with ancillary data playing a minor
role (usually control variables; list number(s)*

)

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date
of the approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the
public has access to the published results of NIH funded research. It is your
responsibility to upload manuscripts to PUBMED Central whenever the journal does
not and be in compliance with this policy. Four files about the public access policy from
http://publicaccess.nih.gov/ are posted in http://www.cscc.unc.edu/aric/index.php, under
Publications, Policies & Forms. http://publicaccess.nih.gov/submit_process_journals.htm
shows you which journals automatically upload articles to Pubmed central.


http://www.cscc.unc.edu/aric/forms/
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm

References:

1. Boelaert, K., & Franklyn, J. A. (2005). STARLING REVIEW Thyroid hormone in health and disease.
Journal of Endocrinology, 187, 1-15. d0i:10.1677/joe.1.06131

2. Klein, 1., & K, O. (2001). Thyroid Hormone and the Cardiovascular System. New England Journal of
Medicine, 344(7), 501-509.

3. Gorka, J., Taylor-Gjevre, R. M., & Arnason, T. (2013). Metabolic and clinical consequences of
hyperthyroidism on bone density. International Journal of Endocrinology, 2013(3).
doi:10.1155/2013/638727

4. Vestergaard, P., & Mosekilde, L. (2002). Fractures in Patients with Hyperthyroidism and
Hypothyroidism: a Nationwide Follow-Up Study in 16,249 Patients. Thyroid, 12(5), 411-419.

5. Nordyke, R. A., Gillbert, F. 1., & Harada, A. S. M. (1988). Graves ’ Disease Influence of Age. Archives
of Internal Medicine, 148, 626—631.

6. Singer, P. A., Cooper, D. S., Levy, E. G., Ladenson, P. W., Braverman, L. E., Daniels, G, ... Nikolai, T.
F. (1995). Treatment Guidelines for Patients With Hyperthyroidism and Hypothyroidism. Journal of
the American Medical Association, 273(10), 808—812.

7. Torring, O., Tallstedt, L., Wallin, G., Lundell, G., Ljunggren, J. G., Taube, A., ... Hamberger, B. (1996).
Graves’ hyperthyroidism: treatment with antithyroid drugs, surgery, or radioiodine--a prospective,
randomized study. Thyroid Study Group. The Journal of Clinical Endocrinology and Metabolism,
81(8), 2986-2993.

8. Rugge, J. B., Bougatsos, C., & Chou, R. (2014). Screening and Treatment of Thyroid Dysfunction: An
Evidence Review for the U.S. Preventive Services Task Force. Annals of Internal Medicine, 1-12.
doi:10.7326/M14-1456

9. Bahn, R. S., Burch, H. B., Cooper, D. S., Garber, J. R., Greenlee, M. C., Klein, I., ... Stan, M. N. (2011).
Hyperthyroidism and Other Causes of Thyroitoxicosis: Management Guidelines of the American
Thyroid Association and American Association of Clinical Endocrinologists. Thyroid, 17(3), 1-65.

10. Cooper, D. S., & Biondi, B. (2012). Subclinical thyroid disease. Lancet, 379, 1142-54.
doi:10.1016/S0140-6736(11)60276-6

11. Hollowell, J. G., Stachling, N. W., Flanders, W. D., Hannon, W. H., Gunter, E. W., Spencer, C. A., &
Braverman, L. E. (2002). Serum TSH, T 4, and Thyroid Antibodies in the United States Population (
1988 to 1994 ): National Health and Nutrition Examination Survey ( NHANES III ). The Journal of
Clinical Endocrinology and Metabolism, 87(2), 489—499.

12. Canaris, G. J., Manowitz, N. R., Mayor, G., & Ridgway, C. (2000). The Colorado Thyroid Disease
Prevalence Study. Archives of Internal Medicine, 160, 526-534.

13. Somwaru, L. L., Arnold, A. M., Joshi, N., Fried, L. P., & Cappola, A. R. (2009). High frequency of and
factors associated with thyroid hormone over-replacement and under-replacement in men and women
aged 65 and over. The Journal of Clinical Endocrinology and Metabolism, 94(4), 1342-5.
doi:10.1210/jc.2008-1696



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Biondi, B., & Cooper, D. S. (2008). The clinical significance of subclinical thyroid dysfunction.
Endocrine Reviews, 29(1), 76—131. doi:10.1210/er.2006-0043

Flynn, R. W., Bonellie, S. R., Jung, R. T., MacDonald, T. M., Morris, A. D., & Leese, G. P. (2010).
Serum thyroid-stimulating hormone concentration and morbidity from cardiovascular disease and
fractures in patients on long-term thyroxine therapy. The Journal of Clinical Endocrinology and
Metabolism, 95(1), 186-93. doi:10.1210/j¢.2009-1625

Das, G., Ojewuyi, T. a, Baglioni, P., Geen, J., Premawardhana, L. D., & Okosieme, O. E. (2012).
Serum thyrotrophin at baseline predicts the natural course of subclinical hyperthyroidism. Clinical
Endocrinology, 77, 146-51. doi:10.1111/j.1365-2265.2012.04345.x

Huber, G., Staub, J. J., Meier, C., Mitrache, C., Guglielmetti, M., Huber, P., & Braverman, L. E.
(2002). Prospective study of the spontaneous course of subclinical hypothyroidism: Prognostic value
of thyrotropin, thyroid reserve, and thyroid antibodies. Journal of Clinical Endocrinology and
Metabolism, 87, 3221-3226. doi:10.1210/jc.87.7.3221

Vadiveloo, T., Donnan, P. T., Cochrane, L., & Leese, G. P. (2011). The Thyroid Epidemiology, Audit,
and Research Study (TEARS): morbidity in patients with endogenous subclinical hyperthyroidism.
The Journal of Clinical Endocrinology and Metabolism, 96(5), 1344-51. d0i:10.1210/jc.2010-2693

Parle, J. V, Maisonneuve, P., Sheppard, M. C., Boyle, P., & Franklyn, J. A. (2001). Prediction of all-
cause and cardiovascular mortality in elderly people from one low serum thyrotropin result : a 10-
year cohort study. Lancet, 358, 861-865.

Collet, T.-H., Gussekloo, J., Bauer, D. C., den Elzen, W. P. J., Cappola, A. R., Balmer, P., ... Rodondi,
N. (2012). Subclinical hyperthyroidism and the risk of coronary heart disease and mortality. Archives
of Internal Medicine, 172(10), 799—809. doi:10.1001/archinternmed.2012.402

Gengcer, B., Collet, T.-H., Virgini, V., Bauer, D. C., Gussekloo, J., Cappola, A. R., ... Rodondi, N.
(2012). Subclinical thyroid dysfunction and the risk of heart failure events: an individual participant
data analysis from 6 prospective cohorts. Circulation, 126(9), 1040-9.
doi:10.1161/CIRCULATIONAHA.112.096024

Cappola, A. R, Fried, L. P., Arnold, A. M., Danese, M. D., Kuller, L. H., Burke, G. L., ... Ladenson, P.
W. (2006). Thyroid status, cardiovascular risk, and mortality in older adults. Journal of the American
Medical Association, 295, 1033—-1041. doi:10.1001/jama.295.9.1033

Sawin, C. T., Geller, A., Wolf, P. A., Belanger, A. J., Baker, E., Bacharach, P., ... D’Agostino, R. B.
(1994). Low Serum Thyrotropin Concentrations as a Risk Factor for Atrial Fibrillation in Older
Persons. The New England Journal of Medicine, 331, 1249—1252.

Auer, J., Scheibner, P., Mische, T., Langsteger, W., Eber, O., & Eber, B. (2001). Subclinical
hyperthyroidism as a risk factor for atrial fibrillation. American Heart Journal, 142(5), 838—42.
doi:10.1067/mhj.2001.119370

Walsh, J. P., Bremner, A. P., Bulsara, M. K., & Leary, P. O. (2005). Subclinical Thyroid Dysfunction
as a Risk Factor for Cardiovascular Disease. Archives of Internal Medicine, 165, 2467-2472.

Boekholdt, S. M., Titan, S. M., Wiersinga, W. M., Chatterjee, K., Basart, D. C. G., Luben, R., ...
Khaw, K.-T. (2010). Initial thyroid status and cardiovascular risk factors: the EPIC-Norfolk
prospective population study. Clinical Endocrinology, 72, 404-10. doi:10.1111/j.1365-
2265.2009.03640.x



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Surks, M. L., Ortiz, E., Daniels, G. H., Sawin, C. T., Cobin, R. H., Franklyn, J. A., ... Weissman, N. J.
(2004). Subclinical Thyroid Disease: Scientific Review and Guidelines for Diagnosis and
Management. Journal of the American Medical Association, 291, 228-238.

Ochs, N., Auer, R., Bauer, D. C., Nanchen, D., Gussekloo, J., & Cornuz, J. (2008). Meta-analysis :
Subclinical Thyroid Dysfunction and the Risk for Coronary Heart Disease and Mortality. Annals of
Internal Medicine, 148, 832—-845.

Volzke, H., Schwahn, C., Wallaschofski, H., & Dorr, M. (2007). Review: The association of thyroid
dysfunction with all-cause and circulatory mortality: is there a causal relationship? The Journal of
Clinical Endocrinology and Metabolism, 92(7), 2421-9. d0i:10.1210/j¢c.2007-0179

Singh, S., Duggal, J., Molnar, J., Maldonado, F., Barsano, C. P., & Arora, R. (2008). Impact of
subclinical thyroid disorders on coronary heart disease, cardiovascular and all-cause mortality: A
meta-analysis. International Journal of Cardiology, 125, 41-8. doi:10.1016/j.ijcard.2007.02.027

Razvi, S., Weaver, J. U., Vanderpump, M. P., & Pearce, S. H. S. (2010). The incidence of ischemic
heart disease and mortality in people with subclinical hypothyroidism: Reanalysis of the Whickham
survey cohort. Journal of Clinical Endocrinology and Metabolism, 95, 1734—1740.
doi:10.1210/jc.2009-1749

Imaizumi, M., Akahoshi, M., Ichimaru, S., Nakashima, E., Hida, A., Soda, M., ... Eguchi, K. (2004).
Risk for ischemic heart disease and all-cause mortality in subclinical hypothyroidism. The Journal of
Clinical Endocrinology and Metabolism, 89, 3365-3370. doi:10.1210/j¢.2003-031089

Rodondi, N., Newman, A. B., Vittinghoff, E., de Rekeneire, N., Satterfield, S., Harris, T. B., & Bauer,
D. C. (2005). Subclinical hypothyroidism and the risk of heart failure, other cardiovascular events,
and death. Archives of Internal Medicine, 165, 2460-2466. doi:10.1001/archinte.165.21.2460

Hyland, K. a, Arnold, A. M., Lee, J. S., & Cappola, A. R. (2013). Persistent subclinical hypothyroidism
and cardiovascular risk in the elderly: the cardiovascular health study. The Journal of Clinical
Endocrinology and Metabolism, 98, 533-40. doi:10.1210/j¢.2012-2180

Rodondi, N., den Elzen, W. P. J., Bauer, D. C., Cappola, A. R., Razvi, S., Walsh, J. P., ... Gussekloo, J.
(2010). Subclinical hypothyroidism and the risk of coronary heart disease and mortality. JAMA : The
Journal of the American Medical Association, 304, 1365—1374. doi:10.1001/jama.2010.1361

Vestergaard, P., Rejnmark, L., & Mosekilde, L. (2005). Influence of hyper- and hypothyroidism, and
the effects of treatment with antithyroid drugs and levothyroxine on fracture risk. Calcified Tissue
International, 77, 139—-144. doi:10.1007/s00223-005-0068-x

Faber, J., & Galloe, A. M. (1994). Changes in bone mass during prolonged subclinical hyperthyroidism
due to L-thyroxine treatment: A meta-analysis. European Journal of Endocrinology, 130, 350-356.
doi:10.1530/eje.0.1300350

Uzzan, B., Campos, J., Cucherat, M., Nony, P., Boissel, J. P., & Perret, G. Y. (1996). Effects on bone
mass of long term treatment with thyroid hormones: a meta-analysis. The Journal of Clinical
Endocrinology and Metabolism, 81, 4278-4289. doi:10.1210/jc.81.12.4278

Zaidi, M., Davies, T. F., Zallone, A., Blair, H. C., Igbal, J., Moonga, S. S., ... Sun, L. (2009). Thyroid-
stimulating hormone, thyroid hormones, and bone loss. Current Osteoporosis Reports.
doi:10.1007/s11914-009-0009-0



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Eriksen, E. F., Mosekilde, L., & Melsen, F. (1986). Kinetics of trabecular bone resorption and
formation in hypothyroidism: evidence for a positive balance per remodeling cycle. Bone, 7, 101—
108. doi:10.1016/8756-3282(86)90681-2

Mosekilde, L., Eriksen, E. F., & Charles, P. (1990). Effects of thyroid hormones on bone and mineral
metabolism. Endocrinol Metab Clin North Am, 19, 35-63. Retrieved from
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list uid
$s=2192868

Coindre, J. M., David, J. P., Riviére, L., Goussot, J. F., Roger, P., de Mascarel, A., & Meunier, P. J.
(1986). Bone loss in hypothyroidism with hormone replacement. A histomorphometric study.
Archives of Internal Medicine, 146, 48-53. doi:10.1001/archinte.1986.00360130058007

Mazziotti, G., Sorvillo, F., Piscopo, M., Cioffi, M., Pilla, P., Biondi, B., ... Carella, C. (2005).
Recombinant human TSH modulates in vivo C-telopeptides of type-1 collagen and bone alkaline
phosphatase, but not osteoprotegerin production in postmenopausal women monitored for
differentiated thyroid carcinoma. Journal of Bone and Mineral Research : The Official Journal of the
American Society for Bone and Mineral Research, 20, 480—486. doi:10.1359/JBMR.041126

Lee, J. S., & Bu, P. (2010). Subclinical Thyroid Dysfunction and Incident Hip Fracture in Older Adults.
Archives of Internal Medicine, 170(21), 1876—1883.

Bauer, D. C., Ettinger, B., Nevitt, M. C., & Stone, K. L. (2001). Risk for Fracture in Women with Low
Serum Levels of Thyroid-Stimulating Hormone. Annals of Internal Medicine, 134, 561-568.

Mazziotti, G., Porcelli, T., Patelli, I., Vescovi, P. P., & Giustina, A. (2010). Serum TSH values and risk
of vertebral fractures in euthyroid post-menopausal women with low bone mineral density. Bone,
46(3), 747-51. doi:10.1016/j.bone.2009.10.031

Svare, A., Nilsen, T. I. L., Asvold, B. O., Forsmo, S., Schei, B., Bjero, T., & Langhammer, A. (2013).
Does thyroid function influence fracture risk? Prospective data from the HUNT2 study, Norway.
European Journal of Endocrinologyy, 169(6), 845-52. doi:10.1530/EJE-13-0546

Grimnes, G., Emaus, N., Joakimsen, R. M., Figenschau, Y., & Jorde, R. (2008). The relationship
between serum TSH and bone mineral density in men and postmenopausal women: the Tromsg
study. Thyroid, 18, 1147-55. doi:10.1089/thy.2008.0158

Waring, A. C., Harrison, S., Fink, H. a, Samuels, M. H., Cawthon, P. M., Zmuda, J. M., ... Bauer, D. C.
(2013). A prospective study of thyroid function, bone loss, and fractures in older men: The MrOS
study. Journal of Bone and Mineral Research, 28(3), 472-9. doi:10.1002/jbmr.1774

Garin, M. C., Arnold, A. M., Lee, J. S., Robbins, J., & Cappola, A. R. (2014). Subclinical thyroid
dysfunction and hip fracture and bone mineral density in older adults: the cardiovascular health study.
The Journal of Clinical Endocrinology and Metabolism, 99(8), 2657—64. doi:10.1210/jc.2014-1051

Foldes, J., Tarjan, G., Szathmari, M., Varga, F., Krasznai, 1., & Horvath, C. (1993). Bone mineral
density in patients with endogenous subclinical hyperthyroidism: is this thyroid status a risk factor for
osteoporosis? Clinical Endocrinology, 39(5), 521-527.

Wirth, C. D., Blum, M. R., da Costa, B. R., Baumgartner, C., Collet, T.-H., Medici, M., ... Rodondi, N.
(2014). Subclinical thyroid dysfunction and the risk for fractures: a systematic review and meta-
analysis. Annals of Internal Medicine, 161(3), 189-99. doi:10.7326/M14-0125


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=2192868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=2192868

53.

54.

55.

56.

57

58.

59.

60

61.

Buscemi, S., Verga, S., Cottone, S., Andronico, G., D’Orio, L., Mannino, V., ... Cerasola, G. (2007).
Favorable clinical heart and bone effects of anti-thyroid drug therapy in endogenous subclinical
hyperthyroidism. Journal of Endocrinological Investigation, 30, 230-235.

Sgarbi, J. A., Villaga, F. G., Garbeline, B., Villar, H. E., & Romaldini, J. H. (2003). The effects of early
antithyroid therapy for endogenous subclinical hyperthyroidism in clinical and heart abnormalities.
Journal of Clinical Endocrinology and Metabolism, 88, 1672—1677. doi:10.1210/j¢.2002-021046

Biondi, B., Palmieri, E. A., Lombardi, G., & Fazio, S. (2002). Review Effects of Subclinical Thyroid
Dysfunction on the Heart. Annals of Internal Medicine, 137, 904-914.

Muddle, A., Houben, A., & Nieuwenhuijzen Kruseman, A. (1994). Bone metabolism during anti-
thyroid drug treatment of endogenous subclinical hyperthyroidism. Clinical Endocrinology, 41(4),
421-4.

. Turner, M. R., Camacho, X., Fischer, H. D., Austin, P. C., Anderson, G. M., Rochon, P. A., &

Lipscombe, L. L. (2011). Levothyroxine dose and risk of fractures in older adults: nested case-control
study. BMJ, 342, d2238. doi:10.1136/bmj.d2238

Stott, D. J., Bauer, D. C., Ford, 1., Kearney, P., Gussekloo, J., Quinn, T. J., ... Westerdorp, R. (2014).
The Dilemma of Treating Subclinical Hypothyroidism: Risk that Current Guidelines Do More Harm
than Good. European Thyroid Journal, 3(2), 137—-138.

Sheppard, M. C., Holder, R., & Franklyn, J. A. (2002). Levothyroxine treatment and occurrence of
fracture of the hip. Archives of Internal Medicine, 162, 338-343. doi:10.1001/archinte.162.3.338

. Pfuntner, A., Wier, L., & Stocks, C. (2013). Most Frequent Conditions in U.S. Hospitals, 2011:

Statistical Brief #162. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.
doi:NBK 127490

Fine, J. P., & Gray, R. J. (1999). A proportional hazards model for the subdistribution of a competing
risk. Journal of the American Statistical Association, 94, 496-509.
doi:10.1080/01621459.1999.10474144



