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Cohort description
The following cohorts are part of the Meta-Thyroid consortium:

Baltimore longitudinal study on Aging (BLSA): BLSA is a population-based study aimed to evaluate contributors of healthy aging in the older population residing predominantly in the Baltimore-Washington DC area [1]. Starting in 1958, participants are examined every one to four years depending on their age. Currently there are approximately 1100 active participants enrolled in the study. The BLSA has continuing approval from the Institutional Review Board (IRB) of Medstar Research Institute. 
Cardiovascular Health Study (CHS): CHS is a population-based cohort study of risk factors for coronary heart disease and stroke in adults aged 65 years or older conducted across four field centers in the United States [2]. The original cohort of 5,201 persons consisting of 4,925 Caucasians was recruited in 1989-1990 from a random sample of people on Medicare eligibility lists. An additional 687 African-Americans were enrolled subsequently. African American participants were excluded from this analysis of individuals of European ancestry. CHS participants completed standardized clinical examinations and questionnaires at study baseline and at nine annual follow-up visits. DNA was extracted from blood samples drawn on all participants who consented to genetic testing at the 1989-90 examination.
Framingham Heart Study (FHS): The original cohort of FHS was recruited in 1953 in the town of Framingham in Massachusetts. In 1971, an Offspring cohort of 5,124 (2,483 men with average age of 37 and 2,641 women with average age of 36) was recruited and has been examined every four years. The subjects in the Offspring cohort include adult children of Original cohort and spouses of offspring. All participants provided a written informed consent and all study protocols were approved by Boston University 
 ADDIN EN.CITE 
[3,4]
.
Genetics, Arthrosis, and Progression study (GARP): The GARP study has been described in detail previously 
 ADDIN EN.CITE 
[5]
. It aimed at identifying determinants of osteoarthritis and the progression of this disease. The study is based on sibships of white Dutch ancestry with clinical- and radiographically-confirmed osteoarthritis at two or more joint sites of the hand, spine (cervical or lumbar), knee or hip. In the current analyses we included 359 subjects from whom we had genome wide scan data and thyroid levels available.

Helsinki Birth Cohort Study (HBCS): The HBCS is composed of 8,760 individuals born between the years 1934-44 in one of the two main maternity hospitals in Helsinki, Finland. Between 2001 and 2003, a randomly selected sample of 928 males and 1,075 females participated in a clinical follow-up study with a focus on cardiovascular, metabolic and reproductive health, cognitive function and depressive symptoms. Detailed information on the selection of the HBCS participants and on the study design can be found elsewhere 
 ADDIN EN.CITE 
[6]
. Research plan of the HBCS was approved by the Institutional Review Board of the National Public Health Insitute and all participants have signed an informed consent.

Invecchiare in Chianti study (InCHIANTI): The InCHIANTI study is a population-based epidemiological study aimed at evaluating the factors that influence mobility in the older population living in the Chianti region in Tuscany, Italy. The details of the study have been previously reported 
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[7,8]
. Briefly, 1616 residents were selected from the population registry of Greve in Chianti (a rural area: 11,709 residents with 19.3% of the population > 65 years of age), and Bagno a Ripoli (Antella village near Florence; 4,704 inhabitants, with 20.3% of the population > 65 years of age). The participation rate was 90% (n=1453), and the subjects ranged between 21-102 years of age.
LBC1921: The LBC1921 cohort consists of 550 relatively healthy individuals, 316 females and 234 males, assessed on cognitive and medical traits at around 79 years of age. They were born in 1921, most took part in the Scottish Mental Survey of 1932, and almost all lived independently in the Lothian region (Edinburgh City and surrounding area) in Scotland. When tested, the sample had a mean age of 79.1 years (SD = 0.6). A full description of participant recruitment and testing can be found elsewhere [9]. Ethics permission for the study was obtained from the Multi-Centre Research Ethics Committee for Scotland (MREC/01/0/56) and from Lothian Research Ethics Committee (LREC/1998/4/183). The research was carried out in compliance with the Helsinki Declaration. All subjects gave written, informed consent.
LBC1936: The LBC1936 consists of 1,091 relatively healthy individuals assessed on cognitive and medical traits at around 70 years of age. They were born in 1936, most took part in the Scottish Mental Survey of 1947, and almost all lived independently in the Lothian region of Scotland. The sample of 548 men and 543 women had a mean age 69.6 years (SD = 0.8). A full description of participant recruitment and testing can be found elsewhere 
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[10]
. Ethics permission for the study was obtained from the Multi-Centre Research Ethics Committee for Scotland (MREC/01/0/56) and from Lothian Research Ethics Committee (LREC/2003/2/29). The research was carried out in compliance with the Helsinki Declaration. All subjects gave written, informed consent.

LifeLines: The LifeLines Cohort Study is a multi-disciplinary prospective population-based cohort study examining in a unique three-generation design the health and health-related behaviours of 165,000 persons living in the North East region of The Netherlands [11]. It employs a broad range of investigative procedures in assessing the biomedical, socio-demographic, behavioural, physical and psychological factors which contribute to the health and disease of the general population, with a special focus on multimorbidity. All survey participants are between 18 and 90 years old at the time of enrollment. Recruitment has been going on since the end of 2006, and until January 2011 over 40,000 participants have been included.

Leiden Longevity Study (LLS): For the Leiden Longevity Study, long-lived siblings of European descent were recruited together with their offspring and the partners of the offspring. Families were recruited if at least two long-lived siblings were alive and fulfilled the age criterion of 89 years or older for males and 91 years or older for females, representing less than 0.5% of the Dutch population in 2001 [12]. In total 944 long-lived siblings were included with a mean age of 94 years (range 89-104), 1671 offspring (61 years, 39-81) and 744 partners (60 years, 36-79). DNA from the Leiden Longevity Study was extracted from samples at baseline using conventional methods 
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[13]
.
MICROS: The MICROS study is part of the genomic health care program 'GenNova' and was carried out in three villages of the Val Venosta, South Tyrol (Italy), in 2001-2003. It comprised members of the populations of Stelvio, Vallelunga and Martello. A detailed description of the MICROS study is available elsewhere 
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[14]
. Briefly, study participants were volunteers from three isolated villages located in the Italian Alps, in a German-speaking region bordering with Austria and Switzerland. Owing to geographical, historical and political reasons, the entire region experienced a prolonged period of isolation from surrounding populations. The study participants are connected among each other in a unique genealogy for the three villages. Information on the participant’s health status was collected through a standardized questionnaire. 
Nijmegen Biomedical Study (NBS): Details of the NBS have been described before 
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[15]
. In brief, the Nijmegen Biomedical Study is a population- based cross-sectional study conducted by the Radboud University Nijmegen Medical Centre. Approval to conduct the study was obtained from the Institutional Review Board. Nijmegen is a town in the eastern part of The Netherlands with 156,000 inhabitants, approximately 87% of Caucasian descent. Age and sex stratified randomly selected adult (age 18 years and older) inhabitants of Nijmegen (N=22,452) received an invitation to fill out a postal questionnaire on lifestyle and medical history. A total of 6,434 participants donated blood for measurement of thyroid function and DNA-isolation. Informed consent was obtained from each participant, and the Institutional Review Board of the Radboud University Nijmegen Medical Centre approved the study. 
Old Order Amish (OOA) 

The Old Order Amish (OOA) study participants reported here were from ongoing studies of cardiovascular disease and longevity 
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[16,17]
. Nearly all of the enrolled individuals are descendants of a small number of Amish who settled in Lancaster County, Pennsylvania, in the mid-eighteenth century. A total of 1,136 individuals from these two studies had serum TSH measured by Immulite 2000 (Siemens), using a standardized third generation assay, and were previously genotyped with the 500K Affymetrix Mapping Array set. This study was approved by the Institutional Review Boards of the University of Maryland and the National Cancer Institute.
PROSPER/PHASE: All data come from the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER). A detailed description of the study has been published elsewhere 
 ADDIN EN.CITE 
[18,19]
. PROSPER was a prospective multicenter randomized placebo-controlled trial to assess whether treatment with pravastatin diminishes the risk of major vascular events in elderly. Between December 1997 and May 1999, we screened and enrolled subjects in Scotland (Glasgow), Ireland (Cork), and the Netherlands (Leiden). Men and women aged 70-82 years were recruited if they had pre-existing vascular disease or increased risk of such disease because of smoking, hypertension, or diabetes. A total number of 5,804 subjects were randomly assigned to pravastatin or placebo. A large number of prospective tests were performed including Biobank tests and cognitive function measurements.
Rotterdam Study (RS): The RS is a prospective population-based cohort study on determinants of chronic diseases in the elderly, which has been described previously 
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[20,21]
. The study comprised 7983 men and women aged 55 years and over, living in a district of Rotterdam, The Netherlands. Informed consent was obtained from each participant, and the Medical Ethics Committee of the Erasmus Medical Center Rotterdam approved the study.
SardiNIA: The SardiNIA study consists of 6,148 volunteers, males and females, ages 14–102 yr, recruited and phenotyped from a cluster of four towns in the Ogliastra province of Sardinia 


[22,23] ADDIN EN.CITE . The local ethical committee approved the study protocol and all participants provided a written informed consent. 
Twins UK: The Twins UK cohort consists of 2,217 female twins of northern European/UK ancestry (1,831 dizygotic and 386 monozygotic), aged 18–82 yr, from St Thomas’ UK Adult Twin Registry (TwinsUK), a volunteer sample recruited in the United Kingdom without selection for particular traits (www.twinsuk.ac.uk/) [24].
ValBorbera (INGI): The Val Borbera (INGI) population is a collection of 1,664 genotyped samples collected in the Val Borbera Valley, a geographically isolated valley located within the Appennine Mountains in NorthWest Italy 
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[25]
. The valley is inhabited by about 3000 descendants from the original population, living in 7 villages along the valley and in the mountains. The valley was inhabited by about 10,000 people in the 19th century when endogamy was >80%. Participants were healthy people between 18 and 102 years of age that had at least one grandfather living in the valley.

Genotyping and imputation 
Nine different genotyping platforms were used by the cohorts included in this meta-analysis: Illumina HumanHap 610K (HBCS, LBC1921, LBC1936), Illumina HumanHap 550K (BLSA, InCHIANTI, RS), Illumina HumanHap 660K (LLS, PROSPER), Illumina HumanHap 370K (CHS, NBS, ValBorbera), Illumina Cyto-SNP12 v2- 300K (LifeLines), Illumina HumanHap 300K (MICROS), the Affymetrix 500K in combination with the 10K supplemental array (SardiNIA), the Affymetrix 500K in combination with the 50K supplemental array (FHS), the Illumina HumanHap 300K, 550K and 610K arrays (TwinsUK). Each study performed genotyping quality control checks based on duplicate sample genotyping, SNP call rate, Hardy-Weinberg equilibrium, Mendelian inconsistencies, sex mismatch, and principle components methods were used to evaluate the presence of population stratification. Each study imputed 2.5 million HapMap SNPs for each participant using currently available imputation methods. BLSA, FHS, HBCS, InCHIANTI, LBC1921, LBC1936, MICROS, PROSPER, RS, SardiNIA, and ValBorbera used the MACH algorithm (http://www.sph.umich.edu/csg/abecasis/MaCH/); LifeLines, LLS and TwinsUK used IMPUTE (http://www.stats.ox.ac.uk/~marchini/software/gwas /impute), and CHS used BimBam (Servin, B. and Stephens, M. Imputation-based analysis of association studies: candidate genes and quantitative traits. PLoS Genetics, 2007). Further details are summarized in Table S1.

Thyroid function measurements
Methods used by each study cohort to measure TSH and FT4 levels are reported in Table S1.

Statistical analyses

All cohorts excluded subjects with thyroid medication, thyroid surgery, or with out-of-range TSH values (TSH > 4.0 mIU/L or TSH < 0.4 mIU/L). Linear regression analyses (additive model) were performed after applying inverse normal transformation to both TSH and FT4. Age, age-squared, and gender were used as covariates, as well as principal components axes or additional variables, when needed. Further details are summarized in Table S1.

Association of TSH SNPs in pregnant women. 

Association of TSH lead SNPs was tested in pregnant women of the Exeter Family Study of Childhood Health (EFSOCH). EFSOCH is a consecutive birth cohort consisting of children born between 2000 and 2004 in central Exeter, UK, and their parents 
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[26]
. Both parents attended a study visit at 28 weeks of gestation, at which DNA was collected and a fasting blood sample was taken for biochemical assays. The local research ethics committees approved the study, and all adult participants gave informed written consent. Serum TSH and FT4 levels were determined in 974 pregnant women using an electrochemiluminescent immunoassay, run on the Modular E170 Analyzer (Roche, Burgess Hill, UK). The manufacturer’s population reference ranges (for non-pregnant samples) were: TSH, 0.35–4.5 mIU/L; and FT4, 11–24 pmol/L. For the analyses of the pregnant women, we used reference ranges specific for the assay and 28th week of gestation based on our own set of TPOAb-negative, healthy, pregnant women (n=901): TSH, 0.49–4.21 mIU/L and FT4, 9.13–15.17 pmol/L [27]. Serum TPOAb levels were determined using the competitive immunoassay (Roche) in 970 pregnant women. A titer above 34 IU/mL was considered positive.

DNA samples were genotyped at KBiosciences (Hoddesdon, UK; www.kbioscience.co.uk), using their own system of fluorescence-based competitive allele-specific PCR (KASPar). Call rates of the 9 SNPs analyzed were >95% and there was no evidence of deviation from Hardy-Weinberg equilibrium (P > 0.05). Concordance between duplicate samples (10% of total) was >99% for all SNPs.

Association analyses were carried out using Stata SE v.10 (StataCorp, Texas, USA). A total of 862 pregnant women with TSH levels and genotype were available for analysis (mean age 30.4 years, s.d. 5.3 years). Women taking medication for thyroid disorders were excluded (n = 14). We used linear regression to analyse the association between TSH level (inverse normal transformation) and each individual SNP (coded as 0, 1 or 2 TSH-increasing alleles), with age and age-squared as covariables. We then constructed a genetic risk score (GRS) for all women with at least 7 available SNPs: 

GRS = weighted score x N available SNPs / sum of weights of available SNPs, 

where 

weighted score = w1 x SNP1 + w2 x SNP2 +…wi x SNPi 

and wi is the beta coefficient from the association between TSH levels and SNPi. We performed linear regression of TSH level against the GRS (additive model), with age and age-squared as covariables. We performed all analyses twice: first including, and then excluding the women who tested positive for TPO antibodies (7.5% of the sample). We also verified that the results were not materially altered on adjustment for fetal genotype at all 9 SNPs. Finally, we used logistic regression to assess the association between subclinical hypothyroidism in pregnancy and the GRS, again adjusting for age and age-squared. We defined cases as TSH > 4.21 mIU/L (the upper limit of the reference range) and controls as TSH <=4.21 mIU/L [27].
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