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Abstract  

A relation between low thyroid activity and prolonged lifespan in humans has been 

observed. Several studies have demonstrated hereditary and genetic influences on thyroid 

function. The aim of this study was to test whether low thyroid activity associated with 

extreme longevity constitutes a heritable phenotype which could contribute to the familial 

longevity observed in the Leiden Longevity Study. The Leiden Longevity Study 

comprises 859 nonagenarian siblings (median age 92.9 year) from 421 long-lived 

families. Families were recruited from the entire Dutch population 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. There were no selection criteria on health or demographic 

characteristics. In the present study we calculated the Family Mortality History score of 

the parents of the nonagenarian siblings and related this to thyroid function parameters in 

the nonagenarian siblings. We found that a lower family history score (less mortality) of 

the parents of nonagenarian siblings was associated with higher serum thyrotropin levels 

(p=0.005), lower free serum thyroxine levels (p=0.002) as well as lower free 

triiodothyronine levels (p=0.034) in the nonagenarian siblings. Our findings support the 

previous observation that low thyroid activity in humans constitutes a heritable phenotype 

which contributes to exceptional familial longevity observed in the Leiden 

Longevity Study.
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Introduction 

A relation between low thyroid function and prolonged lifespan in elderly humans has been noted 

1, 2. In the oldest old, higher concentrations of thyrotropin are associated with a survival benefit 

without detrimental effects on ability or mood. Contrastingly, at old age decreased serum 

thyrotropin and raised serum free thyroxin levels are related to an increased risk of mortality.3 

Hereditary and genetic influences on thyrotropin and serum thyroid hormone concentrations have 

been reported in multiple studies. The lower thyroid activity associated with extreme longevity 

might therefore constitute a heritable phenotype 4-8. 

In order to identify heritable determinants of longevity we designed the Leiden Longevity Study. 

This study comprises nonagenarian siblings, recruited from families based on proband siblings 

that both exhibit exceptional longevity 9. We also included the offspring of the nonagenarian 

siblings, which are enriched for heritable influences on morbidity and mortality 10. In line with the 

observed association between low thyroid function and longevity, we showed that the middle-

aged offspring of nonagenarian siblings indeed have lower thyroid hormone levels when 

compared to middle-aged controls 11. In the nonagenarian siblings however, comparative analysis 

of the association between low thyroid function and longevity is hampered by their extreme age, 

which precludes the use of proper age-matched controls. 

To examine the relation between low thyroid function and longevity in the nonagenarian siblings 

we calculated a family history score describing the mortality of the parents of the nonagenarian 

siblings 12. We reasoned that in nonagenarian siblings from parents with a lower family history 

score (i.e. lower than expected mortality), traits related to longevity would be more pronounced 

than in nonagenarian siblings from parents with a higher family history score. Therefore we 

hypothesized that lower family history score of the parents of the nonagenarian siblings is related 

to higher thyrotropin levels and lower serum thyroxine levels in the nonagenarian siblings.  

 

Materials and methods 

Leiden Longevity Study 

In the Leiden Longevity Study, 421 families were recruited consisting of long-lived Caucasian 

siblings together with their offspring and the partners thereof. Between 2002 and 2006 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. There were no selection criteria on health or demographic 

characteristics. Blood samples were taken at baseline for extraction of DNA, RNA and the 

determination of non-fasted serum and plasma parameters. Blood samples were obtained 
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throughout the day between 9:30 a.m and 17:00 p.m Moreover, data on disability, global 

cognitive function and self perceived health were collected. The Medical Ethical Committee of 

the Leiden University Medical Centre approved the study and informed consent was obtained 

from all subjects. Of the 944 nonagenarians of the Leiden Longevity Study, data on thyrotropin, 

thyroxine and triiodothyronine levels and sampling time were available for 859 of the 

nonagenarian participants. Of the 421 families included in this study, 344 (81.7%) families 

contributed 2 nonagenarian siblings, 67 families have contributed 3 nonagenarian siblings 

(23.3%), 9 families have contributed 4 nonagenarian siblings (4.2%), 1 family has contributed 5 

nonagenarian siblings (0.6%). 

Chemical analyses 

All serum measurements were performed with fully automated equipment. For thyrotropin, free 

thyroxine and free triiodothyronine, the Modular E170 was used, for high sensitivity C-reactive 

protein (hsCRP) the Cobas Integra 800 was used, both from Roche, Almere, the Netherlands. The 

coefficients of variation of these measurements were all below 5 %. All chemical analyses were 

performed in a single batch at the Department of Clinical Chemistry, Leiden University Medical 

Center, the Netherlands, excluding the possibility of confounding by batch effects. In our 

laboratory, the reference values for thyrotropin were 0.3-4.8 mIU/L; free thyroxine: 10-24 

pmol/L; and free triiodothyronine, 2.5-5.5 pmol/L. Of the 859 participants, 746 participants 

(86.8%) were euthyroid; 5 had overt hyperthyroidism (0.6%); 43 (5.0%) had subclinical 

hyperthyroidism; 7 (0.8%) had overt hypothyroidism; 58 (6.8%) had subclinical hypothyroidism.  

Additionally, of the 746 euthyroid subjects, 6 subjects had isolated free thyroxine levels outside 

the reference values and 14 subjects had isolated free triiodothyronine levels outside the reference 

values. When analyses were restricted to subjects with thyroid function parameters within the 

reference range 726 subjects were included (that is: 746 euthyroid subjects minus 6 subjects 

having abnormal levels of thyroxine and 14 subjects having abnormal levels of triiodothyronine). 

 

Disability 

In the Leiden Longevity Study disability was determined using the activities of daily living scale 

(ADL) and Instrumental Activities of Daily Living scale (IADL) 13. Disability scores in ADLs 

range from 0 points (fully dependent in all activities) to 20 points (fully independent in all 

activities). Disability scores in IADLs range from 0 points (fully dependent in all activities) to 14 

points (fully independent in all activities). Global cognitive function was assessed with the Mini 

Mental State Examination (MMSE). Self perceived health was assessed by one question with five 

alternatives: 1 = “very good”, 2 = “rather good”, 3 = “moderate”, 4 = “rather poor”, 5 = “very 

poor”. The MMSE scores range from zero points (very severe cognitive impairment) to 30 points 
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(optimal cognitive function). ADL, IADL, MMSE and self perceived health was available for 779 

participants. 

Family History Score 

Each participating family has provided us with the genealogical information regarding the parents 

of the nonagenarian siblings, all siblings, and the offspring of the nonagenarian siblings. To 

reduce possible unreliability of questionnaires and participants’ memories, whenever possible, 

this information was verified by passport, or by birth or marriage certificate. Furthermore, all data 

were additionally verified with the personal record cards of the deceased family members in the 

national population registry located at the Central Bureau of Genealogy in The Hague, The 

Netherlands. For each parent we computed the sex and birth cohort cumulative hazards using the 

life tables of the Dutch population. A family history score for a family was defined as two minus 

the sum of the cumulative hazards of the two parents. Note that since both parents are deceased 

one minus the cumulative hazard equals the martingale residual. The martingale residual is 

defined as the difference between the event status (0 if alive, 1 if deceased) and the cumulative 

hazard at the observed age (current age or age at death). The sum of the martingale residuals 

measures the deviation of survival of the parents with respect to their birth cohort. Therefore 

negative values mean excess survival and positive values mean excess mortality. 

 

Statistical analyses 

The association between family history score and serum thyroid function parameters was assessed 

using a linear mixed model with a random sibship effect to model correlation of sibling data. 

Broad heritability of serum thyroid function parameters was estimated with the following 

formula: heritability = 2 * (between-families variance)/(between-families variance + within-

families variance). Distributions of continuous variables were examined for normality and 

logarithmically transformed when appropriate (thyrotropin and high sensitivity C-reactive 

protein). The Statistical Package for the Social Sciences (SPSS) program for Windows, version 

14.0, was used for data analysis. Graphs were drawn using Graph Pad Prism version 5.  

 

Results 

The principal features of the studied population (n=859) are displayed in table 1. The median age 

of the study population was 92.9 years and 38.4% of the study population was male.  

First, we examined the broad heritability of serum thyroid function parameters in the cohort of 

nonagenarian siblings, as shown in table 2. To determine to what extent the association between 

thyroid function and familial longevity was driven by subjects with thyroid function parameters 

beyond the normal range, we repeated all the analyses in subjects restricted to thyroid function 
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parameters within the euthyroid range (model 2). Moreover, it has been demonstrated that 

alterations in thyroid hormone levels can occur during acute or chronic critical illness. This 

condition, referred to as non-thyroidal illness syndrome is characterized by a variety of alterations 

in thyroid function parameters that commonly include low serum triiodothyronine along with 

normal or inappropriately low thyrotropin and serum free thyroxine levels 14. To exclude the 

possibility that physical illness played a major role in our findings, particularly regarding 

triiodothyronine levels, we repeated the analyses after adjustment for ADLs, IADLs and serum 

high sensitivity C-reactive protein levels. (model 3). Dependent on the used model, heritability of 

the serum thyrotropin levels varied between 0.41 and 0.49.  Heritability of serum levels of free 

thyroxine and free triiodothyronine ranged from 0.18 – 0.31 and 0.24 – 0.50 respectively.   

    Table 1. Baseline characteristics of the study population 

 

 Study population 

Number participants 859 

Males (n, %) 330 (38.4) 

Age (year) 92.9 (91.4 – 94.8) 

  

Thyrotropin (0.3 – 4.8 mU/L) 1.51 (0.95 – 2.40) 

Free thyroxine (10 – 24 pmol/L) 16.0 (14.4 – 17.6) 

Free triiodothyronine (2.5 – 5.5 pmol/L) 4.00 (3.70 – 4.40) 

  

Hyperthyroidism (n, %) 5 (0.6) 

Subclinical hyperthyroidism (n, %) 43 (5.0) 

Euthyroidism (n, %) 746 (86.8) 

Hypothyroidism (n, %) 7 (0.8) 

Subclinical hypothyroidism (n, %) 58 (6.8) 

  

High sensitivity C-reactive protein (<10 mg/L) 2.84 (1.28 – 5.95) 

  

Disability (points)  

   ADLs 18 (15 – 20) 

   Instrumental ADLs 8 (4 - 11) 

   Mini Mental State Examination 26 (22 - 28) 

   Self perceived health 3 (3 - 4) 

Data are presented as median values with interquartile range (25 – 75%). Reference values are given 

between parentheses. 
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Table 2. Broad heritability of thyroid function parameters within the study population 

 

 Broad heritability p-value 

Model 1: adjusted for sex and age. 

Thyrotropin  0.41 <0.001 

Free thyroxine  0.18 0.049 

Free triiodothyronine  0.24 0.009 

 

Model 2: as model 1, restricted to participants with levels within reference values. 

Thyrotropin  0.49 <0.001 

Free thyroxine  0.31 0.007 

Free triiodothyronine  0.50 <0.001 

 

Model 3: as model 2 adjusted for ADL, IADL, serum hsCRP levels. 

Thyrotropin  0.46 <0.001 

Free thyroxine  0.30 0.012 

Free triiodothyronine  0.45 <0.001 

Next, we assessed the relation between lower family history score of the parents of the 

nonagenarian siblings and thyroid hormone function parameters in the nonagenarian siblings. For 

this purpose we calculated the family history score of the parents of the nonagenarian siblings, as 

depicted in figure 1. A family history score of 0 represents the standardized mortality rate of the 

entire Dutch population. Values below 0 denote excess survival when compared to the Dutch 

population, while values above 0 denote relative excess mortality. Median family history score 

was -1.37 (interquartile range: -2.68 - -0.21), indicating that we have recruited families with a 

higher average survival than the general Dutch population.  

Figure 1. Frequency distribution of family 

history score of the parents of 

nonagenarian siblings. A family history 

score of 0 represents the standardized 

mortality rate of the entire Dutch 

population. Values below 0 denote excess 

survival when compared to the Dutch 

population, whilst values above 0 denote 

relative excess mortality. 
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Table 3 and figure 2 show the association between family history score and thyroid function 

parameters. A lower family history score (lower than expected mortality) was associated with 

higher serum thyrotropin levels, lower free serum thyroxine levels as well as lower free serum 

triiodothyronine levels. Similar results were obtained after restriction of analyses to participants 

with thyroid hormone levels within reference values. We repeated the analyses after adjustment 

for ADLs, IADLs and serum high sensitivity C-reactive protein levels to exclude possible 

confounding by physical illness ( all p values <0.05). 

  

Table 3 Association between family history score and serum thyroid function parameters 

 Change per increase familial mortality 

history unit 

p-value 

Model 1: adjusted for sex and age. 

Log thyrotropin (mU/L) -0.05 (-0.09 - -0.004) 0.032 

Free thyroxine (pmol/L) 0.16 (0.05 – 0.26) 0.005 

Free triiodothyronine (pmol/L) 0.03 (0.002 – 0.06) 0.034 

   

Model 2: as model 1, restricted to participants with levels within reference values. 

Log thyrotropin (mU/L) -0.04 (-0.06 - -0.01) 0.005 

Free thyroxine (pmol/L) 0.13 (0.04 – 0.23) 0.005 

Free triiodothyronine (pmol/L) 0.01 (-0.01 – 0.04) 0.23 

   

Model 3: as model 2 adjusted ADL, IADL, serum hsCRP levels..  

Log thyrotropin (mU/L) -0.04 (-0.06 - -0.01) 0.005 

Free thyroxine (pmol/L) 0.15 (0.05 – 0.25) 0.002 

Free triiodothyronine (pmol/L) 0.02 (0.002 – 0.05) 0.034 

  Data are presented as mean change per unit increase in familial mortality history and 95% confidence intervals. 

 

Figure 2A-C. Association between family history score and serum thyroid hormone parameters. For 

thyrotropin (A), free thyroxine (B) and free triiodothyronine (C).  Bars represent tertiles of family history 

score scores adjusted for age, sex, ADLs, IADLS, and log serum high sensitivity C-reactive protein. Results 

were restricted to participants with serum thyroid hormone parameters within reference values. 



Decreased thyroid function 

 123 

Discussion  

We aimed to examine the association between lower thyroid function and longevity in our cohort 

of nonagenarian siblings.  We found that a lower family history score (less mortality) of the 

parents of nonagenarian siblings was associated with higher serum thyrotropin levels, lower free 

serum thyroxine levels as well as lower free triiodothyronine levels in the nonagenarian siblings. 

This observation was not explained by differences in physical disability.  

 

Our findings are an important extension of our previous observation of lower free thyroxine 

levels and lower free triiodothyronine levels along with a tendency towards higher serum free 

thyrotropin levels in the middle-aged offspring of nonagenarian siblings when compared to 

controls 11. Our results not only concur with the reported association between low thyroid 

hormone function and human longevity1 , but also support the recently reported observation of 

low thyroid function as a heritable phenotype contributing to exceptional longevity 2,15. Moreover, 

our results are in agreement with earlier studies showing a strong heritability of thyroid function 6-

8.  

The relation between lower family history score of the parents of the nonagenarian siblings and 

higher thyrotropin along with lower serum thyroxine levels in the nonagenarian siblings may 

indicate that lower activity of the thyroid hormone axis is a heritable phenotype which contributes 

to exceptional longevity. Lower activity of the thyroid hormone axis possibly serves as a 

mechanism to shift energy expenditure from growth and proliferation to protective maintenance. 

The phenotype of low thyroid hormone levels observed in our long-lived cohort is reminiscent of 

the phenotype of murine pituitary mutants with delayed aging, as for example the long-lived 

Ames and Snell dwarf mice 16, 17. These model organisms show traits that are hypothesized to be 

related to thyroid hormone deficiency, and supplementation of thyroid hormone during adulthood 

partly diminishes their enhanced lifespan.18 However, unlike our cohort of nonagenarian siblings 

in which downregulation of the thyroid axis is due to a lower thyroid activity, in these model 

organisms thyroid hormone deficiency is due to central hypothyroidism at the level of the 

pituitary.  

 

There are some limitations to our study. First, data on current medication use were not available 

for the nonagenarian siblings. Furthermore, we have no records of previous history of thyroidal 

disease, the prevalence of which increases with age. Therefore we could not determine to what 

extent our observations were affected by thyroid disease and/or its treatment. Thirdly, data on 

specific SNPs in the thyrotropin receptor which were shown to be associated with higher 

thyrotropin levels 15, were not available for our cohort. Future research will therefore focus on 
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unraveling the underlying genetic determinants. Another limitation is that samples were not all 

drawn fasted at 9:00 a.m. However, additional adjustment for time of blood sampling did not 

materially change any of the obtained results.  

 

In conclusion our results support the previous observation that low thyroid activity in humans 

constitutes a heritable phenotype which contributes to exceptional longevity.  

 

Acknowledgements 

This work was supported by the Innovation Oriented research Program on Genomics 

(SenterNovem; IGE01014 and IGE5007), the Centre for Medical Systems Biology (CMSB), the 

Netherlands Genomics Initiative/Netherlands Organization for scientific research (NGI/NWO; 

05040202 and 050-060-810. NCHA) and the EU funded Network of Excellence Lifespan (FP6 

036894). RGJW and PES are supported by an unrestricted grant from the Netherlands Genomics 

Initiative (NCHA 050-060-810). We thank all participants of the Leiden Longevity Study for 

their consistent cooperation, the secretary staff (Meriam H.G.F. van der Star, Ellen H.M. Bemer-

Oorschot) and research nurses (Corrie Groenendijk) for their valuable contribution. 



Decreased thyroid function 

 125 

Reference List 

 

 (1)  Gussekloo J, van EE, de Craen AJ, Meinders AE, Frolich M, Westendorp RG. Thyroid 

status, disability and cognitive function, and survival in old age. JAMA 2004 December 

1;292(21):2591-9. 

 (2)  Atzmon G, Barzilai N, Hollowell JG, Surks MI, Gabriely I. Extreme longevity is 

associated with increased serum thyrotropin. J Clin Endocrinol Metab 2009 

April;94(4):1251-4. 

 (3)  Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA. Prediction of all-cause 

and cardiovascular mortality in elderly people from one low serum thyrotropin result: a 

10-year cohort study. Lancet 2001 September 15;358(9285):861-5. 

 (4)  Hansen PS, Brix TH, Bennedbaek FN, Bonnema SJ, Kyvik KO, Hegedus L. Genetic and 

environmental causes of individual differences in thyroid size: a study of healthy Danish 

twins. J Clin Endocrinol Metab 2004 May;89(5):2071-7. 

 (5)  Hansen PS, van der Deure WM, Peeters RP et al. The impact of a TSH receptor gene 

polymorphism on thyroid-related phenotypes in a healthy Danish twin population. Clin 

Endocrinol (Oxf) 2007 June;66(6):827-32. 

 (6)  Nilsson SE, Read S, Berg S, Johansson B. Heritabilities for fifteen routine biochemical 

values: findings in 215 Swedish twin pairs 82 years of age or older. Scand J Clin Lab 

Invest 2009;69(5):562-9. 

 (7)  Samollow PB, Perez G, Kammerer CM et al. Genetic and environmental influences on 

thyroid hormone variation in Mexican Americans. J Clin Endocrinol Metab 2004 

July;89(7):3276-84. 

 (8)  Panicker V, Wilson SG, Spector TD et al. Heritability of serum TSH, free T4 and free T3 

concentrations: a study of a large UK twin cohort. Clin Endocrinol (Oxf) 2008 

April;68(4):652-9. 

 (9)  Schoenmaker M, de Craen AJ, de Meijer PH et al. Evidence of genetic enrichment for 

exceptional survival using a family approach: the Leiden Longevity Study. Eur J Hum 

Genet 2006 January;14(1):79-84. 



Chapter 9 

126 

 (10)  Westendorp RG, Van Heemst D, Rozing MP et al. Nonagenarian siblings and their 

offspring display lower risk of mortality and morbidity than sporadic nonagenarians: The 

Leiden Longevity Study. J Am Geriatr Soc 2009 September;57(9):1634-7. 

 (11)  Rozing MP, Westendorp RG, de Craen AJ et al. Low Serum Free Triiodothyronine 

Levels Mark Familial Longevity: The Leiden Longevity Study. J Gerontol A Biol Sci 

Med Sci 2009 December 16. 

 (12)  Houwing-Duistermaat JJ, Callegaro A, Beekman M, Westendorp RG, Slagboom PE, van 

Houwelingen JC. Weighted statistics for aggregation and linkage analysis of human 

longevity in selected families: the Leiden Longevity Study. Stat Med 2009 January 

15;28(1):140-51. 

 (13)  Bootsma-van der WA, Gussekloo J, de Craen AJ et al. Disability in the oldest old: "can 

do" or "do do"? J Am Geriatr Soc 2001 July;49(7):909-14. 

 (14)  McIver B, Gorman CA. Euthyroid sick syndrome: an overview. Thyroid 1997 

February;7(1):125-32. 

 (15)  Atzmon G, Barzilai N, Surks MI, Gabriely I. Genetic predisposition to elevated serum 

thyrotropin is associated with exceptional longevity. J Clin Endocrinol Metab 2009 

December;94(12):4768-75. 

 (16)  Brown-Borg HM, Borg KE, Meliska CJ, Bartke A. Dwarf mice and the ageing process. 

Nature 1996 November 7;384(6604):33. 

 (17)  Tatar M, Bartke A, Antebi A. The endocrine regulation of aging by insulin-like signals. 

Science 2003 February 28;299(5611):1346-51. 

 (18)  Vergara M, Smith-Wheelock M, Harper JM, Sigler R, Miller RA. Hormone-treated snell 

dwarf mice regain fertility but remain long lived and disease resistant. J Gerontol A Biol 

Sci Med Sci 2004 December;59(12):1244-50.


