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Thyroid function within the reference range and fracture risk: individual participant analysis of prospective cohorts

Supplemental Data



Supplemental Table 1. Description of assays used for TSH and FT4 measurement

TSH reference

FT4 reference

Calabasas, California), FS 0.05mIU/L, CV<6.3%

Study TSH assay range (mIU/L) FT4 assay range pmol/L
Busselton Health Immulite 2000 chemiluminescent analyzer (Diagnostic Immulite 2000 chemiluminescent analyzer 9-23
sysse on e Products Corporation, Los Angeles, Calif ), FS 0.4-4.0 (Diagnostic Products Corporation, Los Angeles,
uey 0.02IU/L, CV 7.6% Calif ), CV 9.6%
Chemiluminescent immunometric assay (LumaTag . . i ) 4.9-22
CHS hTSH; Nichols Institute, San Juan Capistrano, 0.14.5 iilrg;tsg; ?:;?gig?i t?:;ﬁoi};;s::}?aﬁrgzﬂf;ng[\&
California), FS 0.008mIU/L : - BhE
AutoDelfia time resolved fluoroimmunoassay kits AutoDelfia time resolved fluoroimmunoassay kits 9-20
EPIC-Norfolk Study |y ijac. Finland), FS 0.03mIU/L, CV <3.5% 0440 | (Wallac, Finland), FS 2.0pmol/L, CV <4.5%
Immunoassay (ACS; ChironDiagnosticsCorp, e s 10.3-23.2
Health ABC Study | Emeryville,Calif), CV 4.1% at 18.94mIU/L and 3.6% at | 0.14.5 | Competitive immunoassay (ACS; Chiron
Diagnostics Corp)
1.26mIU/L
DELFIA hTSH Ultra (Wallac Oy, Turku, Finland), FS o 5% 8-20
HUNT Study 0.03 mIU/L, VC 5% 0.5-3.5 DELFIA FT4, CV <7%
o . Chemiluminescent Immunoassay (Vitros Reagent. 9.9-28.2
Chemiluminescent Immunoassay (Vitros Reagent, P . X >
INCHIANTI Study | Ortho-Clinical Diagnostics, Johnson & Johnson Medical | 0.46-4.68 ﬁgﬁiggﬁfg&fﬁﬁ;ﬁ“ﬁf ‘))h;l;‘)g f; Jggisﬂ‘jncv
Section, Milan, Italy), FS 0.003mIU/L, VC <5.4% 530, ’ » HALY), £ B 57pMoyL,
Elecsys 2010 system (Hitachi, Tokyo, Japan) with an Elecsys 2010 system (Hitachi, Tokyo, Japan) with 13-23
Leiden 85-Plus Study | electrochemiluminescence technique (Boehringer, 0.34.8 an electrochemiluminescence technique
Mannheim, Germany), VC 5-11% (Boehringer, Mannheim, Germany), VC 5-8%
MrOS ADVIA Centaur (Siemens Diagnostics, Deerfield, IL, 0.55-4.78 Compezltlve immunoassay (Siemens Diagnostics), 9.0-23.8
USA) CV4.1%
Single automated analyzer using the ARCHITECT single automated analyzer using the ARCHITECT 9.15-16.99
OPUS System (Abbott ARCHITECT i2000; Abbott 0.13-3.48 System (Abbott ARCHITECT i2000; Abbott
Laboratories, Maidenhead, UK), CV<10.4% Laboratories, Maidenhead, UK), CV<10.4%
: - . - A F
PROSPER Zgﬁ/ee different immunoassays, FS 0.05 mIU/L, CV 045-4.5 Zgﬁ/ie different immunoassays, FS 0.05 mIU/L, CV 12-18
()
. . . Chemiluminescence assay (Vitros, ECI 11-25
Rotterdam Study ESH Lun)ntest (Henning currently Brahms, Berlin, 0.4-4.0 Immunodiagnostic System, Ortho-Clinical
ermany Diagnostics, Amersham, UK)
High-sensitivity immunoradiometric assay with reagents . MAB
Sheffield Study supplied by NETRIA (St. Bartholomew’s Hospital, Siﬁzsf:&;azfge&z?g;gd%?; aél\(]/%“n;;lex ’
London, UK), CV 8.0% ’ ) 070
SOF Chemiluminescent assay (Endocrine Science, 0.5-5.5 NA NA

Abbreviations: CHS, Cardiovascular Health Study; CV, coefficient of variation; EPIC, European Prospective Investigation of Cancer; FS, functional sensitivity; FT4, free thyroxine; Health ABC, Health, Aging and
Body Composition; HUNT, Nord-Trendelag Health; InNCHIANTI, Invecchiare in Chianti; MrOS, Osteoporotic Fractures in Men Study; NA, not appropriate; OPUS, Osteoporosis and Ultrasound Study; PROSPER,
Prospective Study of Pravastatin in the Elderly at Risk; SOF, Study of Osteoporotic Fractures; TSH, thyroid-stimulating hormone.
Functional sensitivity was defined as the concentration at which the interassay CV is >20%.
* In the HUNT Study, FT4 was measured only if TSH was >4.0mIU/L or if the participant had known thyroid disease.
** Narrowed range among 3 different assays used for measurement.




Supplemental Table 2. Definition of fractures in each study

Study Hip fracture Any fracture Non-vertebral fracture Vertebral fracture
Non-vertebral or vertebral | Including: ICD9: 807-829. Clinically dlggnosed; (ferV1ca1 (ICD10:
) o S12), thoracic (ICD10: S22) or lumbar
Busselton Health Study ICD10: S72.0-1 fracture Excluding: skull/face brae (ICD10: S32 b ¢
(first event) (ICDY: 800-804) vertebrae (IC . 0: S32), vertebrae o
' unknown location (ICD10: TOS)
ICD9: 820.0-820.9 for inpatients, plus
CHS CPT procedure code on fracture NA NA NA
treatment for outpatients
Clinically diagnosed; thoracic (ICD10:
Non-vertebral or vertebral . ’ .
EPIC-Norfolk Study ICD10: S72.0-2 fracture Excluding skull/face, ankle, | S22), lumbar vertebrae (ICDIO. S32), '
fingers, toes vertebrae of unknown location (ICD10:
(first event)
TO08)
Femoral neck, intertrochanteric Non-vertebral or vertebral Excluding ankle, fingers Clinically diagnosed; thoracic or lumbar
Health ABC Study . ’ ’ fracture ’ ’ ’
proximal femur toes vertebrae
(first event)
ICD9: 820.0-820.9, SIFF-95 procedure
HUNT Study codes; NA NA NA
ICD10: §72.0-2, S72.9, NCSP codes
ICD9: 820.0-820.9 for inpatients, plus | Non-vertebral or vertebral Excluding skull/face. ankle Clinically diagnosed; thoracic (ICD9:
InCHIANTI Study CPT procedure code on fracture fracture g ’ > | 805.2-5) or lumbar vertebrae (ICD9:

treatment for outpatients

(first event)

fingers, toes

806.2-5)

Leiden 85-Plus Study

Any hip fracture

Any fracture

NA

NA

Femoral neck, intertrochanteric,

Non-vertebral or vertebral

Excluding skull/face, ankle,

Clinically diagnosed; thoracic or lumbar

MrOS subtrochanteric fracture fingers, toes vertebrae

(first event)

- Any low-traumatic non-

OPUS Any low-traumatic hip fracture NA vertebral fracture NA
PROSPER NA Any fracture NA NA

Non-vertebral or vertebral Excluding skull, ankle/foot, | Any clinically diagnosed vertebral
Rotterdam Study Any hip fracture fracture f g SKu’l, ’ Y y diag

ingers/and/wrist fracture

(first event)

Sheffield Study Any hip fracture NA Any non-vertebral fracture | NA
. . Any non-vertebral fracture, | Any clinically diagnosed vertebral

SOF Any hip fracture, excluding severe Any fracture excluding severe traumatic | fracture, excluding severe traumatic

traumatic fracture

fracture

fracture

Abbreviations: CHS, Cardiovascular Health Study; CPT; Current Procedural Terminology; EPIC, European Prospective Investigation of Cancer; GP, general practitioner; Health ABC, Health, Aging and Body
Composition; HUNT, Nord-Trendelag Health; ICD, international classification of disease; INCHIANTI, Invecchiare in Chianti; MrOS, Osteoporotic Fractures in Men Study; NA, not appropriate; OPUS, Osteoporosis
and Ultrasound Study; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; SOF, Study of Osteoporotic Fractures.




Supplemental Table 3. Study quality assessment

Adjudication

Median

. . . Assessment of fractures . Fractures
. . Ascertainment | Covariates available blinded to (IQR) Loss to
Study Design Setting . F 1 . data
of exposure for adjustment Method used orma thyroid length of | follow-up blished®
adjudication function follow-up publishe
fﬁgﬁ;x’sgﬁ’ ICDY and ICD10
Busselton | Prospective | Population- | Third generation diabetes: t% roid ;n d coded diagnoses in No NA 20.0 59 No
Health Study | cohort study | based study TSH assay 165, FIYTOIC hospital discharge (17.6-20.0) ’
anti-osteoporotic
N records
medication
Age, sex, BMI,
smoking status, Interview and
CHS Prospective | Population- | Third generation dlabgtes; thyrmd, hospital records No NA 13.0 0% Yes
cohort study | based study TSH assay thyroid-altering and . (7.6-19.0)
! . reviewed by experts
anti-osteoporotic
medication
%elljssx, glt\u/ﬂ’ Hospital discharge
EPIC-Norfolk | Prospective | Population- | Third generation dia?aet?a N t% sroi ds;n d coding by data Yes Yes 12.4 1.3% Yes
Study cohort study | based study TSH assay > thyrol linkage with NHS (11.7-13.3) =70
thyroid-altering .
. central register
medication
Age, sex, BMI,
Pr i smoking status, Interview, hospital
Health ABC (;ZF;E)C rtve Population- | Third generation diabetes; thyroid, records and other Yes Yes 12.7 <59 Yes
Study tstud based study TSH assay thyroid-alterating and | documents reviewed (8.0-13.2) ’
y anti-osteoporotic by clinicians
medication
Age, sex, BMI, Hospltal and
) radiology records
Prospective | Population- | Third generation . smoking status, reviewed by 12.2
HUNT Study diabetes; thyroid and . Yes Yes : <5% Yes
cohort study | based study TSH assay ; . physicians, health (11.6-12.8)
thyroid-altering .
o secretaries and
medication
nurses
Age, sex, BMI,
smoking status, Hospital records
InCHIANTI | Prospective | Population- | Third generation diabetes; thyroid, ar;)n d other Yes Yes 9.1 <59 No
Study cohort study | based study TSH assay thyroid-altering and (7.8-9.3) ’
X . documents
anti-osteoporotic
medication
Age, sex, BMI, Annual interview of
smoking status, treating GP or
Leiden 85- | Prospective | Population- | Third generation diabetes; thyroid, nursing home No NA 4.8 <49 Yes
Plus Study | cohort study | based study TSH assay thyroid-alterating and physician and (2.2-8.1) °

anti-osteoporotic
medication

review of their
medical records




Assessment of fractures Adjudication Median Fractures
Stud Desien Settin Ascertainment | Covariates available blinded to (IQR) Loss to data
Y g g of exposure for adjustment Formal thyroid length of | follow-up . "
Method used S . published
adjudication function follow-up
Age, sex, BMI, Interviewed
Random Sample of smoking status, reported fractures.
sample of a | community- | Third generation diabetes; thyroid, Central adjudication 11.1 o
MrOS rospective dwellin, TSH assa thyroid-alterating and by physician Yes Yes 8.1-11.8 2% Yes
prosp g y Y] g Y phy:
cohort study | volunteers anti-osteoporotic through radiology
medication reports or X-rays
Age, sex, BMI, Interview after 6
smoking status, years follow-up,
Prospective | Population- | Third generation diabetes; thyroid, validated by 6.0 o
OPUS cohort study | based study TSH assay thyroid-altering and | medical records and Yes Yes (5.8-6.3) nie Yes
anti-osteoporotic imaging reviewed
medication by radiologist
Age, sex, BMI,
~ : ~ - smoking status, Fractures
PROSPER | L1oShective g;iﬁ";ttﬁ' Thl{‘;ﬁe::;‘imon diabetes; thyroid and | ~documented as No NA G P 5 | <1% No
Y Y Y thyroid-altering adverse events U9
medication
Age, sex, BMI GP and hospital
Rotterdam | Prospective | Population- | Third generation smoking status, re%éi?’;:g%ﬂ& Ves Yes 15.2 1% Yes
Study cohort study | based study TSH assay diabetes; thyroid . M (10.4-16.2) °
medication 1ndep endent
medical experts
Age, sex, BMI GP records and
Sheffield Prospective | Population- | Third generation smoking status, érétsgvrﬁ?;’blf Yes Yes 10.0 20 Yes
Study cohort study | based study TSH assay diabetes; thyroid ol Y (2.8-10.1) °
medication radio o8y of
orthopedic report
Age, S, BML, Mail interview, with
Sample of smoking status, confirmation by X-
SOF Prospective | community- | Third generation diabetes; thyroid, ravs or writ tgn Yes Yes 14.3 50 Yes
cohort study | dwelling TSH assay thyroid-altering and re }(’) rt review b (9.8-19.8) ’
volunteers anti-osteoporotic port looi y
medication radiologist

Abbreviations: BMI, body mass index; CHS, Cardiovascular Health Study; EPIC, European Prospective Investigation of Cancer; GP, general practitioner; Health ABC, Health, Aging and Body Composition; HUNT, Nord-Trendelag

Health; ICD, international classification of disease; INCHIANTI, Invecchiare in Chianti Study; IQR, interquartile range; MrOS, Osteoporotic Fractures in Men Study; OPUS, Osteoporosis and Ultrasound Study; PROSPER, Prospective
Study of Pravastatin in the Elderly at Risk; SOF, Study of Osteoporotic Fractures; TSH, thyroid-stimulating hormone.
* Four cohorts had not published their fractures data in a separate manuscript previously.




Supplemental Table 4. Analysis stratified by publication status of fractures data

Analysis by thyroid-stimulating hormone categories
Hip fracture* Any fracturef Non-vertebral fracture] Vertebral fracture§
No. of events/ Hazard ratio No. of events/ Hazard ratio No. of events/ Hazard ratio No. of events/ Hazard ratio
participants (95% CI) participants (95% CI) participants (95% CI) participants (95% CI)
Main analysis 610/13,390 1.25 (1.05-1.49) 561/5,587 1.00 (0.83-1.19) 504/5,013 1.04 (0.85-1.26) 60/4,854 1.46 (0.82-2.61)
Studies with published 572/12,460 | 135(1.13-1.61) | 387/4,097 | 1.16(0.93-143) |  423/4,643 | 127(1.03-1.57) | 533,977 | 1.44(0.79-2.62)
fractures studies
ptucles with unpublished 33/865 | 0.44(021-090) | 172/2,039 | 0.70 (0.50-0.96) |  79/862 | 0.54(0.33-0.91) 7/858 117 (0.14-9.88)
ractures data
P-value for interaction NA 0.0001 NA 0.17 NA 0.12 NA 0.84
Analysis by one standard deviation increase in free thyroxine'
Hip fracture** Any fractureft Non-vertebral fracture}} Vertebral fracture§§
No. of events/ Hazard ratio No. of events/ Hazard ratio No. of events/ Hazard ratio No. of events/ Hazard ratio
participants (95% CI) participants (95% CI) participants (95% CI) participants (95% CI)
Main analysis 542/20,633 1.24 (1.12-1.37) | 1,629/22,977 | 1.08 (1.02-1.15) | 1,273/19,101 | 1.10 (1.03-1.18) 129/17,711 1.06 (0.86-1.30)
Studies with published 453/17,663 | 1.25(1.12-1.40) | 1,003/15,192 | 1.09 (1.01-1.18) | 1,031/16,143 | 1.12(1.03-1.20) | 103/14,741 | 1.09(0.67-1.76)
fractures studies
ptucles with unpublished 892970 | 1.16(090-1.89) 626/7,785 | 1.07(097-1.17| 2422958 | 1.03(0.87-120) | 26/2.970 | 1.05(0.84-131)
ractures data

P-value for interaction NA 0.59 NA 0.70 NA 0.35 NA 0.89

Abbreviations: CHS, Cardiovascular Health Study; CI, confidence interval; EPIC, European Prospective Investigation of Cancer; Health ABC, Health, Aging and Body Composition; INCHIANTI, Invecchiare in Chianti;
MrOS, Osteoporotic Fractures in Men Study; OPUS, Osteoporosis and Ultrasound Study; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; SOF, Study of Osteoporotic Fractures; TSH, thyroid-stimulating
hormone.FT4, free thyroxine; No., number.
All analyses were adjusted for age (as a continuous variable) and sex.

* Data on hip fractures were available for 12 studies (all but PROSPER).
+ Data on any fractures were available for 9 studies (MrOS, EPIC-Norfolk Study, InCHIANTI Study, Leiden 85-Plus Study, PROSPER, Rotterdam Study, Busselton Health Study, SOF, Health ABC Study).

i Data on non-vertebral fractures were available for 9 studies (MrOS, EPIC-Norfolk Study, InCHIANTI Study, Rotterdam Study, Busselton Health Study, Sheffield Study, OPUS, SOF, Health ABC Study).

§ Data on vertebral fracture were available for 7 studies (MrOS, EPIC-Norfolk Study, InNCHIANTI Study, Rotterdam Study, Busselton Health Study, SOF, Health ABC Study). Vertebral fracture was defined as a clinical

symptomatic dorsal or lumbar fracture.
Busselton Health Study, and InCHIANTI Study did not previously publish hip fracture data associated with thyroid function in a separate article.
IFT4was measured in all studies but SOF and Health ABC Study (FT4not measured in participants with TSH within normal range).
** Data on hip fracture were available for 10 studies with measured FT4 (all but PROSPER).
++ Data on any fracture were available for 7 studies with measured FT4 (MrOS, EPIC-Norfolk Study, INCHIANTI Study, Leiden 85-Plus Study, PROSPER, Rotterdam Study, Busselton Health Study).
11 Data on non-vertebral fracture were available for 7 studies with measured FT4 (MrOS, EPIC-Norfolk Study, InNCHIANTI Study, Rotterdam Study, Busselton Health Study, Sheffield Study, OPUS).
§§ Data on vertebral fracture were available for 5 studies with measured FT4 (MrOS, EPIC-Norfolk Study, InNCHIANTI Study, Rotterdam Study, Busselton Health Study). Vertebral fracture was defined as a clinical
symptomatic dorsal or lumbar fracture.



Supplemental Table 5. Risk of any, non-vertebral, and vertebral fractures according to thyroid-stimulating
hormone categories

Any fracture* Non-vertebral fracturef Vertebral fracture]
TSH level (mIU/L) No. of events/ Hazard ratio No. of events/ Hazard ratio No. of events/ Hazard ratio
participants (95% CI) participants (95% CI) participants (95% CI)
3.50-4.49 179/1,769 1 (Reference) 140/1,396 1 (Reference) 16/1,353 1 (Reference)
2.50-3.49 376/4,096 0.98 (0.82-1.17) 280/3,301 0.91 (0.74-1.12) 48/3,194 1.40 (0.80-2.47)
1.50-2.49 841/9,847 1.01 (0.86-1.19) 650/8,033 0.97 (0.81-1.17) 99/7,752 1.48 (0.87-2.50)
1.00-1.49 555/6,105 1.07 (0.90-1.27) 440/5,165 1.02 (0.84-1.24) 56/4,818 1.35(0.78-2.37)
0.45-0.99 382/4,379 1.00 (0.83-1.19) 364/4,121 1.04 (0.85-1.26) 44/3,501 1.46 (0.82-2.61)
P-value for trend NA 0.56 NA 0.19 NA 0.43

Abbreviations: CI, confidence interval; Health ABC, Health, Aging and Body Composition; No., number; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; SOF,
Study of Osteoporotic Fractures; TSH, thyroid-stimulating hormone.

All analyses were adjusted for age (as a continuous variable) and for sex.

* Data on any fractures were available for 9 studies (MrOS, EPIC-Norfolk Study, InCHIANTI Study, Leiden 85-Plus Study, PROSPER, Rotterdam Study, Busselton Health Study,
SOF, Health ABC Study).

+ Data on non-vertebral fractures were available for 9 studies (MrOS, EPIC-Norfolk Study, InCHIANTI Study, Rotterdam Study, Busselton Health Study, Sheffield Study, OPUS,
SOF, Health ABC Study).

i Data on vertebral fractures were available for 7 studies (MrOS, EPIC-Norfolk Study, InCHIANTI Study, Rotterdam Study, Busselton Health Study, SOF, Health ABC Study).
Vertebral fracture was defined as a clinical symptomatic dorsal or lumbar fracture.



Supplemental Figure 1. Flow diagram of the studies assessed for inclusion

13 studies identified
through our previous
literature search

265 studies identified
through new database
search and screened

254 studies excluded based
on title and abstract because
not meetinginclusion criteria

h 4

2 studies excluded:

-1 meta-analysisreporting
studies alreadyincluded or
not meetinginclusion criteria
-1 study not prospective

11 full-text articles
assessed for elegibility

N

9 reports meeting
inclusion criteria

8 studies alreadyidentified
through our previous
literature search

N

A

1 study excluded because
using 15t generation TSH assay

1 study meetinginclusion
criteria and notyetincluded

13 studiesincluded in the individual participants data (IPD) analysis

Abbreviations: IPD, individual participants data; TSH, thyroid-stimulating hormone.




Supplemental Figure 2. Risk of hip fracture in participants with thyroid-stimulating hormone 0.45-
1.49mIU/L, compared to the reference group with thyroid-stimulating hormone 3.50-4.49mIU/L,
stratified by sex, age, and duration of follow-up

No. with No. of Hazard ratio P-value for
fracture participants (95% CI) interaction
Overall 429 10,142 —— 1.25(1.05-1.49) -
Sex
Women 483 8,629 | 1.21(0.99-1.47) 042
Men 127 4 761 & 1.51 (1.00-2.26)
Age
<75 years 354 11,246 B B 1.16 (0.92-1.46) 0.07
>75 years 256 2144 — 1.36 (1.04-1.77)
Duration of follow-up
<byears 41 1,029 - 1.03 (0.52-2.02) 0.58
25 years 569 12,361 —a— 1.26 (1.05-1.51)
I I I I
05 086 1 15 2
HR (95%CI)

Abbreviations: CI, confidence interval; HR, hazard ratio; No, number; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk; TSH, thyroid-stimulating
hormone.

We present a selected analysis for the TSH categories 0.45-0.99mIU/L and 3.50-4.99mIU/L. Hazard ratios are for TSH 0.45-0.99mIU/L, compared with the reference group
3.50-4.99mIU/L. The analysis stratified by sex was adjusted for age. All other analyses were adjusted for age (as a continuous variable) and sex.

Data on hip fractures were available for 12 studies (all except PROSPER).



