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Chapter 3

 

 

Supplementary Figure 1. Risk of 10-year mortality in MAP and PP quintiles 

 

Bars represent hazard ratios (95% confidence interval). The category of MAP 106-113 mmHg and the category 

of PP 70-75 mmHg were set as references in the left and right graph, respectively. The symbol * indicates a 

significant difference with the reference category. Analyses were adjusted for age, sex, education, smoke, 

hypertension, diabetes mellitus, atrial fibrillation, coronary heart disease, claudication, history of transient 

ischemic attack or stroke, depression/anxiety, cancer, number of medications, alpha-anti-adrenergics, diuretics, 

beta-blockers, calcium-channel blockers, angiotensin-converting-enzyme inhibitors/angiotensin II antagonists. 

Abbreviations: HR = hazard ratio, MAP = mean arterial blood pressure, PP = pulse pressure. Number of patients 

in MAP quintiles from first to fifth: n=325; n=407; n=171; n=405; n=279. Number of patients in PP quintiles 

from first to fifth: n=406; n=70; n=469; n=291; n=351. 
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Thyroid status and mortality 
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ABSTRACT 

Background: Optimal thyroid status in old age is controversial. This study investigated the 

longitudinal association between thyroid parameters and 10-year all-cause mortality risk in 

euthyroid older outpatients according to sex and age. 

Methods: Baseline thyrotropin (TSH), free thyroxine (fT4) and free triiodothyronine (fT3) 

were assessed in the Milan Geriatrics 75+ Cohort Study. 338 men and 630 women aged over 

75 years were euthyroid. Hazard ratios (HRs) and 95% confidence intervals (CI) were 

calculated for the associations of TSH, fT4 and fT3 with mortality risk using Cox regression. 

Analyses were stratified by sex and adjusted for socio-demographic factors and co-morbidities. 

Results: 245 men and 382 women died during follow-up. After adjustment, each 1 mU/L 

higher TSH was associated with decreased mortality risk in men (HR 0.81, 95% CI 0.68-0.96), 

but not in women (HR 1.09, 95% CI 0.96-1.23) (p for sex-difference = 0.002). Each 1 ng/L 

higher fT4 was associated with increased mortality risk in men (HR 1.12, 95% CI 1.03-1.21), 

whereas not in women (HR 0.99, 95% CI 0.94-1.04) (p for sex-difference = 0.008). Each 1 

pg/mL higher fT3 was associated with decreased mortality risk in both men (HR 0.78, 95% CI 

0.55-1.10) and women (HR 0.78, 95% CI 0.62-0.99). The inverse association between TSH 

and mortality was most pronounced in men aged over 85 years. 

Conclusions: Among euthyroid older outpatients, higher TSH and lower fT4 were associated 

with decreased mortality risk in men but not in women. When assessing thyroid status, sex and 

age should be taken into account. 

  

 

 

INTRODUCTION 

Thyroid status can be assessed by measuring serum thyrotropin (TSH), free thyroxine (fT4) 

and free triiodothyronine (fT3). Optimal thyroid status in old age, particularly the normal TSH 

reference range, is controversial1,2. Lowering TSH upper reference limit from 4.00 to 2.50 

mU/L is highly debated3, as TSH distribution progressively shifts towards higher values with 

aging4. This shift may arise from a higher prevalence of occult thyroid disease; indeed, 

euthyroid adults with higher TSH have an increased risk of hypothyroidism5. Alternatively, 

this shift may result from selective survival of individuals with constitutively lower thyroid 

status. Indeed, exceptionally long-lived adults and their offspring exhibit higher normal TSH 

with unchanged fT4, possibly indicative of a different set-point of the pituitary-thyroid axis6. 

A genetic influence on thyroid status is also supported by twin studies7 and by the observation 

that intra-individual variation in thyroid status is smaller than inter-individual variation8. In 

addition, sex may modulate the effect of several genetic variants for TSH and fT4 levels9. 

TSH, fT4 and fT3 have profound and pleiotropic effects on aging individuals, by influencing 

metabolism, cardiovascular function and mental health10. These effects may differ in men and 

women10,11. Furthermore, the relationship between TSH and mortality risk in euthyroid adults 

is unclear, with some studies reporting no association12,13 and others an inverse association14-

18 . The relationship of fT4 and fT3 with mortality risk is ambiguous12,15,19. Finally, most current 

evidence is from population-based studies on adults with wide age ranges, which limits their 

generalizability. Data are lacking on older outpatients, a potentially diverse population, whom 

clinicians encounter in everyday clinical practise. Older outpatients may present a higher 

burden of comorbidities, in a complex interplay with thyroid status.  

Therefore, we assessed the association between thyroid status and mortality risk in euthyroid 

older men and women enrolled in the Milan Geriatrics 75+ Cohort Study, a longitudinal 

geriatric outpatient cohort. Furthermore, we investigated whether it differs by sex and age. 
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METHOD 

Study Design and Participants 

The Milan Geriatrics 75+ Cohort Study is a prospective hospital-based cohort study of the 

outpatients of the Geriatric Unit of ‘’I.R.C.C.S. Ca’ Granda’’ in Milan, Italy. Between 3 

January 2000 and 25 March 2004, 1861 new consecutive outpatients aged 75 years and over 

attended a first face-to-face, standardized, structured, comprehensive visit with trained 

physicians, after informed consent. Details of study design were previously described20. 

To explore the association between the natural course of euthyroid function, unmodified by 

medical intervention, and mortality, we excluded participants on thyroid medications (n=74), 

and those with baseline TSH < 0.20 mU/L or > 4.00 mU/L or missing (n=768). Additionally, 

we excluded participants with missing data on mortality at follow-up (n=51). Therefore, we 

included 968 euthyroid participants in the present analysis. These included participants were 

younger and more likely to be men, smokers and to have depression/anxiety compared to the 

excluded participants (data not shown). Of the included participants, 761 and 708 participants, 

respectively, had available data on fT4 and fT3; we performed our analyses on fT4 and fT3 in 

those with values within the reference range (n=736 and n=651, respectively). The study was 

approved by I.R.C.C.S. Ca’ Granda Ethics Committee. 

 

Thyroid parameters 

Blood for baseline measurements was drawn in the morning, after an overnight fast. TSH, fT4 

and fT3 were measured in serum using chemiluminescent assays (Immulite 2000, Medical 

Systems). IRCCS Ca’ Granda Laboratory reference ranges were 0.20-4.00 mU/L for TSH, 8.0-

18.0 ng/L for fT4 and 2.0-4.8 pg/mL for fT3. 

 

Co-morbidities and life-style factors 

Baseline data on history of hypertension, diabetes mellitus, coronary heart disease (CHD), 

transient ischemic attack (TIA) or stroke, atrial fibrillation, claudication and heart failure were 

obtained from medical documents. Cancer was defined as a diagnosis within the previous five 

years. Symptoms of anxiety/depression were self-reported or stated in medical documents. 

 

 

Smoking was dichotomized as never or ever (current and previous). Education was defined as 

years of school attended. Number of medications was the number of drugs taken chronically 

or cyclically. 

 

Mortality 

All-cause mortality was assessed through the Register Office of Milan or other town of 

residence. The follow-up period was the time between baseline and either death, loss to follow-

up or 10-year period. 

 

Statistical analyses 

Baseline characteristics were reported as mean (standard deviation, SD) for continuous 

variables and number (percentage) for categorical variables. Differences in baseline 

characteristics between sexes or across TSH quartiles were assessed using Student’s t-test, one-

way ANOVA or chi-square test where appropriate. We checked whether fT4 was inversely 

associated with the logarithm of TSH in our cohort, as previously shown in the literature21, 

using linear regression. 

We performed Cox regression to estimate hazard ratios (HRs) and 95% confidence intervals 

(CI) for the association of TSH, fT4 and fT3, respectively, with mortality risk in men and 

women, separately. First, we tested the presence of linear associations between thyroid 

parameters and mortality risk. Second, we checked the presence of non-linear associations, by 

entering thyroid parameters and squared thyroid parameters in the Cox regression as 

continuous variables. Third, we performed additional analyses using quartiles of TSH, fT4 and 

fT3. Finally, we ran further analyses using three categories of TSH values, which were defined 

according to clinical cut-offs (TSH 0.20-0.39; TSH 0.40-2.50; TSH 2.51-4.00 mU/L)2,22. 

To explore sex-differences in the relationship between thyroid parameters and mortality risk, 

we computed interaction terms by multiplying thyroid parameters, as continuous variables, by 

sex. 

Furthermore, we examined the association between thyroid parameters and mortality risk 

within three age strata (75–79, 80–84, ≥85 years). We tested for interaction between thyroid 
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parameters and age, in men and women, separately. Moreover, we checked for sex-differences 

within age strata. 

We performed sensitivity analyses after exclusion of participants who were on medications 

potentially affecting thyroid function (amiodar or lithium) or who had a history of thyroid 

disease. Furthermore, we performed sensitivity analyses for the association of TSH with 

mortality risk restricted to those participants with both fT4 and fT3 within the reference range. 

All analyses were performed in two steps. In Model 1, analyses were adjusted for age. In Model 

2, they were additionally adjusted for education, smoking, hypertension, diabetes mellitus, 

atrial fibrillation, CHD, claudication, stroke/TIA, depression/anxiety, cancer and number of 

medications. Analyses were performed using SPSS version 20.0.0 (SPSS Inc., Chicago, IL). 

 

RESULTS 

Table 1 shows the baseline characteristics of the participants by sex and across quartiles of 

TSH. In the cohort, mean age was 82 years (range 75-98) and 630 (65.1%) participants were 

women. Mean TSH, fT4 and fT3 were 1.7 mU/L, 12.2 ng/L and 2.9 pg/mL, respectively, and 

did not differ by sex (all p-values > 0.05). Men were more educated, more likely to be smokers, 

to have atrial fibrillation, CHD, claudication, stroke/TIA or cancer, while less likely to have 

depression/anxiety compared to women (all p-values < 0.05). Baseline characteristics of men 

did not differ across quartiles of TSH. In contrast, women with higher TSH were more likely 

to have a history of stroke/TIA (p-value = 0.004). 

We observed an inverse relationship between fT4 and the logarithm of TSH in both men (β= -

0.144, 95% CI -0.291;-0.002, p=0.054) and women (β= -148, 95% CI -0.248;-0.047, p=0.004). 

After 10-year follow-up, 245 (72.5%) men and 382 (60.6%) women had died. At 10-year 

follow-up, higher TSH and lower fT4 were linearly associated with decreased mortality risk in 

men, whereas higher fT3 was linearly associated with decreased mortality risk in women (all 

p-values < 0.05, Figure 1). At 10-year follow-up, no U-shaped associations were observed (all 

p-values for quadratic associations >0.05). 

In contrast, the association between TSH and 5-year mortality risk in women was U-shaped, 

even after full adjustment (p-value for quadratic association = 0.009, Supplementary Figure 1). 

 

 

All other associations at 1-year and 5-year follow-up were similar to those observed at 10-year 

follow-up (Supplementary Table 1). 

Figure 2 shows the effect of sex on the associations of TSH, fT4 and fT3 with 10-year mortality 

risk. Sex significantly modified the associations of TSH and fT4 with mortality. After full 

adjustment, each 1 mU/L higher TSH was associated with a 0.81-fold (95% CI 0.68-0.96, p = 

0.013) decreased mortality risk in men, whereas not in women (HR 1.09, 95% CI 0.96-1.23, p 

= 0.206) (p for sex-difference = 0.002). Likewise, each 1 ng/L higher fT4 was associated with 

a 1.12-fold (95% CI 1.03-1.21, p = 0.008) increased mortality risk in men, whereas not in 

women (HR 0.99, 95% CI 0.94-1.04, p = 0.660) (p for sex-difference = 0.008). No sex-

difference was observed in the relationship between fT3 and mortality. Each 1 pg/mL higher 

fT3 was associated with decreased mortality risk in men (HR 0.78, 95% CI 0.55-1.10, p =0.151) 

and women (HR 0.78, 95% CI 0.62-0.99, p = 0.037). 

Figure 3 illustrates the influence of age on the association between TSH and mortality risk at 

10-year follow-up. After full adjustment, each 1 mU/L increase in TSH was associated with a 

0.77-fold (95% CI 0.55-1.08, p = 0.125) and with a 0.63-fold (95% CI 0.46-0.87, p = 0.006) 

decreased mortality risk in men aged 80-84 years and 85 years and over, respectively. In 

contrast, the association tended to revert in men aged 75-79 years (HR 1.12, 95% CI 0.82-1.52, 

p = 0.495). In men, interaction by age was significant (p = 0.006). In women, we observed 

neither association between TSH and mortality risk in any age strata nor interaction by age. 

Sex-differences in the relationship between TSH and mortality risk were not present in 

participants aged 75-79 years (p = 0.769), whereas they appeared in those aged 80-84 (p = 

0.042) and 85 years and over (p = 0.004) (Figure 3). 

We found no interaction by age in the relationships of fT4 and fT3 with mortality risk in either 

men or women (all p > 0.05, data not shown). 

Figure 4 shows the association between clinical categories of TSH and 10-year mortality risk 

by sex. After full adjustment, men with TSH 2.51-4.00 mU/L had a 0.61-fold (95% CI 0.41-

0.92, p = 0.017) decreased mortality risk than men in the middle category. In contrast, women 

with TSH 2.51-4.00 mU/L had a 1.19-fold (95% CI 0.90-1.56, p = 0.221) increased mortality 

risk than women in the middle category. 
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The results did not materially change in sensitivity analyses after exclusion of participants 

taking amiodar (n=22), lithium (n=1) or with previous thyroid disease (n=12) (data not shown). 

Likewise, the association between TSH and mortality risk remained essentially unchanged 

when restricting the analyses to participants with both fT4 and fT3 within the reference range 

(n=632) (data not shown). 

 

DISCUSSION 

Among euthyroid older adults in an outpatient setting, higher TSH and lower fT4 were 

associated with decreased mortality risk in men, but not in women. The associations of TSH 

and fT4 with mortality risk significantly differed by sex. The inverse association between TSH 

and mortality risk was most pronounced in men aged 85 years and over. All associations were 

independent of cardiovascular risk factors and comorbidities. 

Our finding of an inverse relationship between TSH and mortality risk in men is in line with 

previous population-based studies in older adults14-18, whereas others showed no 

association12,13. The discrepancies among studies may result from differences in the age- and 

sex- structure of the studied populations. Indeed, the novelty of our study is to report sex-

differences in the relationship between TSH and mortality risk. 

Why does sex modify the relationship between thyroid status and mortality? First, women 

compared to men have higher prevalence and incidence of subclinical and overt thyroid 

dysfunctions, which have been associated with an excess of mortality23-25. TSH values at the 

upper and lower limits of our laboratory reference range may reflect occult thyroid diseases in 

women, while not in men. Our finding of a U-shaped relationship between TSH and mortality 

risk at 5-year follow-up only in women is consistent with this hypothesis. Second, sex modifies 

the relationship between morbidity and mortality26. Women live longer than men, by surviving 

diseases that are fatal in men26. 

High normal thyroid status, as characterised by lower TSH and higher fT4 within the reference 

range, has been linked to adverse health outcomes10. These may result from different 

pathophysiological mechanisms, including increased metabolic rate and altered cardiovascular 

hemodynamic27. High normal thyroid status has been linked to increased heart rate and incident 

atrial fibrillation, which in turn are associated with functional decline and mortality22,28-29. 

 

 

Higher fT4 has also been directly related to frailty in euthyroid community-dwelling older 

men19,30. 

Furthermore, high normal thyroid status may affect brain structure and function. High thyroid 

status may favour thromboembolism and brain vascular damage through a combination of atrial 

fibrillation, endothelial dysfunction and hypercoagulability23. Alternatively, it may directly 

cause neurodegeneration through increased oxidative stress23. However, controversy persists 

on the association between thyroid status and cognitive impairment and dementia, which, in 

turn, have been associated with increased mortality risk31-34. 

High normal thyroid status may be particularly detrimental in older adults with cardiovascular 

comorbidities27. Consistent with this hypothesis, in our cohort, lower TSH and higher fT4 were 

associated with increased mortality risk in men, especially the oldest men, who presented more 

cardiovascular comorbidities compared to women. However, sex-differences in our study 

remained significant after adjustment for comorbidities. 

An alternative explanation to our findings may be that the set-point of the pituitary-thyroid axis 

is shifted towards higher TSH values in adults with genetic predisposition to longevity6. Men 

aged over 85 years in our study had above-average life-expectancy, thus suggesting a genetic 

longevity trait35. Animal studies have suggested a causal relationship between lower thyroid 

status and extended life span36. Lower thyroid status may extend life span by lowering 

metabolic rate and core body temperature, which in turn results in lower generation of reactive 

oxygen species and oxidative stress36. Other mechanisms may include effects on membrane 

composition, inflammation and stem cell renewal37. 

Our finding of an association between lower fT3 and increased mortality risk is in line with 

The Aging in the Chianti Area Study, which included Italians aged 65 years and over15. Lower 

fT3 in euthyroid older individuals may be indicative of non-thyroidal systemic illnesses15,38. 

Our study has relevant clinical implications. First, clinicians should take into account both sex 

and age when assessing thyroid status. Furthermore, we reported that older men with TSH 2.51 

– 4.00 mU/L had a 0.61-fold decreased mortality risk than those with TSH 0.40 – 2.50 mU/L. 

This observational finding conflicts with the indication of lowering TSH upper reference limit, 

at least in older men2. 
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Moreover, clinical trials on the clinical benefits or harms of lowering TSH upper reference 

limit in older adults are lacking39. Furthermore, clinical trials recruit selected populations, 

which limits their generalizability39. 

A major strength of our study is our unselected population of older geriatric outpatients, which 

makes our findings generalizable in common clinical practice. A further asset is the 

longitudinal design, with a long follow-up. However, the observational nature of our study 

limits us in inferring causality. Furthermore, a single measurement of thyroid status was used 

in the analyses, potentially leading to misclassification of subjects. However, previous research 

has demonstrated that intra-individual variability of thyroid status is narrow and less than inter-

individual variability8. In addition, this misclassification would be random and merely lead to 

underestimation of true associations. 

In conclusion, higher TSH and lower fT4 within the reference ranges were associated with 

decreased mortality risk in men but not in women. Our findings add to the current debate on 

TSH reference limits. Further research is needed to establish whether the relationship between 

thyroid status and mortality is causal. 

 

ACKNOWLEDGEMENTS 

We thank Milan Register Office. 

 

REFERENCES 

1. Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment of hypothyroidism: 

prepared by the american thyroid association task force on thyroid hormone replacement. 

Thyroid. 2014;24:1670-751. 

2. Pearce SH, Brabant G, Duntas LH, et al. 2013 ETA Guideline: Management of Subclinical 

Hypothyroidism. Eur Thyroid J. 2013;2:215-28. 

3. Laurberg P, Andersen S, Carlé A, Karmisholt J, Knudsen N, Pedersen IB. The TSH upper 

reference limit: where are we at? Nat Rev Endocrinol. 2011;7:232-239. 

 

 

4. Surks MI, Hollowell JG. Age-specific distribution of serum thyrotropin and antithyroid 

antibodies in the US population: implications for the prevalence of subclinical 

hypothyroidism. J Clin Endocrinol Metab. 2007;92:4575-82. 

5. Åsvold BO, Vatten LJ, Midthjell K, Bjøro T. Serum TSH within the reference range as a 

predictor of future hypothyroidism and hyperthyroidism: 11-year follow-up of the HUNT 

Study in Norway. J Clin Endocrinol Metab. 2012;97:93-99. 

6. Atzmon G, Barzilai N, Surks MI, Gabriely I. Genetic predisposition to elevated serum 

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

2009;94:4768-75. 

7. Hansen PS, Brix TH, Sørensen TI, Kyvik KO, Hegedüs L. Major genetic influence on the 

regulation of the pituitary-thyroid axis: a study of healthy Danish twins. J Clin Endocrinol 

Metab. 2004;89:1181-7. 

8. Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations in serum 

T(4) and T(3) in normal subjects: a clue to the understanding of subclinical thyroid disease. 

J Clin Endocrinol Metab. 2002;87:1068-72. 

9. Porcu E, Medici M, Pistis G, et al. A meta-analysis of thyroid-related traits reveals novel 

loci and gender-specific differences in the regulation of thyroid function. PLoS Genet. 

2013;9:e1003266. 

10. Taylor PN, Razvi S, Pearce SH, Dayan CM. Clinical review: A review of the clinical 

consequences of variation in thyroid function within the reference range. J Clin Endocrinol 

Metab. 2013;98:3562-71. 

11. Asvold BO, Bjoro T, Nilsen TI, Gunnell D, Vatten LJ. Thyrotropin levels and risk of fatal 

coronary heart disease: the HUNTstudy. Arch Intern Med. 2008;168:855–860. 

12. Zhang Y, Chang Y, Ryu S, et al. Thyroid hormones and mortality risk in euthyroid 

individuals: the Kangbuk Samsung health study. J Clin Endocrinol Metab. 2014;99:2467-

76. 

13. Ittermann T, Haring R, Sauer S, et al. Decreased serum TSH levels are not associated with 

mortality in the adult northeast German population. Eur J Endocrinol. 2010;162:579–585. 

14. 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;358:861–865. 



67

Chapter 4

 

 

Moreover, clinical trials on the clinical benefits or harms of lowering TSH upper reference 

limit in older adults are lacking39. Furthermore, clinical trials recruit selected populations, 

which limits their generalizability39. 

A major strength of our study is our unselected population of older geriatric outpatients, which 

makes our findings generalizable in common clinical practice. A further asset is the 

longitudinal design, with a long follow-up. However, the observational nature of our study 

limits us in inferring causality. Furthermore, a single measurement of thyroid status was used 

in the analyses, potentially leading to misclassification of subjects. However, previous research 

has demonstrated that intra-individual variability of thyroid status is narrow and less than inter-

individual variability8. In addition, this misclassification would be random and merely lead to 

underestimation of true associations. 

In conclusion, higher TSH and lower fT4 within the reference ranges were associated with 

decreased mortality risk in men but not in women. Our findings add to the current debate on 

TSH reference limits. Further research is needed to establish whether the relationship between 

thyroid status and mortality is causal. 

 

ACKNOWLEDGEMENTS 

We thank Milan Register Office. 

 

REFERENCES 

1. Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment of hypothyroidism: 

prepared by the american thyroid association task force on thyroid hormone replacement. 

Thyroid. 2014;24:1670-751. 

2. Pearce SH, Brabant G, Duntas LH, et al. 2013 ETA Guideline: Management of Subclinical 

Hypothyroidism. Eur Thyroid J. 2013;2:215-28. 

3. Laurberg P, Andersen S, Carlé A, Karmisholt J, Knudsen N, Pedersen IB. The TSH upper 

reference limit: where are we at? Nat Rev Endocrinol. 2011;7:232-239. 

 

 

4. Surks MI, Hollowell JG. Age-specific distribution of serum thyrotropin and antithyroid 

antibodies in the US population: implications for the prevalence of subclinical 

hypothyroidism. J Clin Endocrinol Metab. 2007;92:4575-82. 

5. Åsvold BO, Vatten LJ, Midthjell K, Bjøro T. Serum TSH within the reference range as a 

predictor of future hypothyroidism and hyperthyroidism: 11-year follow-up of the HUNT 

Study in Norway. J Clin Endocrinol Metab. 2012;97:93-99. 

6. Atzmon G, Barzilai N, Surks MI, Gabriely I. Genetic predisposition to elevated serum 

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

2009;94:4768-75. 

7. Hansen PS, Brix TH, Sørensen TI, Kyvik KO, Hegedüs L. Major genetic influence on the 

regulation of the pituitary-thyroid axis: a study of healthy Danish twins. J Clin Endocrinol 

Metab. 2004;89:1181-7. 

8. Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations in serum 

T(4) and T(3) in normal subjects: a clue to the understanding of subclinical thyroid disease. 

J Clin Endocrinol Metab. 2002;87:1068-72. 

9. Porcu E, Medici M, Pistis G, et al. A meta-analysis of thyroid-related traits reveals novel 

loci and gender-specific differences in the regulation of thyroid function. PLoS Genet. 

2013;9:e1003266. 

10. Taylor PN, Razvi S, Pearce SH, Dayan CM. Clinical review: A review of the clinical 

consequences of variation in thyroid function within the reference range. J Clin Endocrinol 

Metab. 2013;98:3562-71. 

11. Asvold BO, Bjoro T, Nilsen TI, Gunnell D, Vatten LJ. Thyrotropin levels and risk of fatal 

coronary heart disease: the HUNTstudy. Arch Intern Med. 2008;168:855–860. 

12. Zhang Y, Chang Y, Ryu S, et al. Thyroid hormones and mortality risk in euthyroid 

individuals: the Kangbuk Samsung health study. J Clin Endocrinol Metab. 2014;99:2467-

76. 

13. Ittermann T, Haring R, Sauer S, et al. Decreased serum TSH levels are not associated with 

mortality in the adult northeast German population. Eur J Endocrinol. 2010;162:579–585. 

14. 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;358:861–865. 



68

 

 

15. Ceresini G, Ceda GP, Lauretani F, et al. Thyroid Status and 6-Year Mortality in Elderly 

People Living in a Mildly Iodine-Deficient Area: The Aging in the Chianti Area Study. J 

Am Geriatr Soc. 2013;61:868-74. 

16. Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frölich M, Westendorp RG. Thyroid 

status, disability and cognitive function, and survival in old age. JAMA. 2004;292:2591–

2599. 

17. Pereg D, Tirosh A, Elis A, et al. Mortality and coronary heart disease in euthyroid patients. 

Am J Med. 2012;125:826 e827–e812. 

18. Cappola AR, Arnold AM, Wulczyn K, Carlson M, Robbins J, Psaty BM. Thyroid function 

in the euthyroid range and adverse outcomes in older adults. J Clin Endocrinol Metab. 

2015;100:1088-96. 

19. van den Beld AW, Visser TJ, Feelders RA, Grobbee DE, Lamberts SW. Thyroid hormone 

concentrations, disease, physical function, and mortality in elderly men. J Clin Endocrinol 

Metab. 2005;90:6403–6409. 

20. Ogliari G, Sabayan B, Mari D, et al. Age- and Functional Status-Dependent Association 

Between Blood Pressure and Cognition: The Milan Geriatrics 75+ Cohort Study. J Am 

Geriatr Soc 2015;63:1741-8. 

21. Spencer CA, LoPresti JS, Patel A, et al. Applications of a new chemiluminometric 

thyrotropin assay to subnormal measurement. J Clin Endocrinol Metab. 1990;70:453-60. 

22. Selmer C, Olesen JB, Hansen ML, et al. The spectrum of thyroid disease and risk of new 

onset atrial fibrillation: a large population cohort study. BMJ. 2012;345:e7895. 

23. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. 2012;379:1142–1154. 

24. Roberts CG, Ladenson PW. Hypothyroidism. Lancet. 2004;363:793–803. 

25. Cooper DS. Hyperthyroidism. Lancet. 2003;362:459–468. 

26. Hubbard RE, Rockwood K. Frailty in older women. Maturitas. 2011;69:203-7. 

27. Klein I, Ojamaa K. Thyroid hormone and the cardiovascular system. N Engl J Med. 

2001;344:501-9. 

28. Palatini P, Benetos A, Julius S. Impact of increased heart rate on clinical outcomes in 

hypertension: implications for antihypertensive drug therapy. Drugs. 2006;66:133-144. 

29. Ogliari G, Mahinrad S, Stott DJ, et al. Resting heart rate, heart rate variability and 

functional decline in old age. CMAJ. 2015;187:E442-9. 

30. Yeap BB, Alfonso H, Chubb SA, et al. Higher free thyroxine levels are associated with 

frailty in older men: the Health In Men Study. Clin Endocrinol (Oxf). 2012;76:741-8. 

 

 

31. Tan ZS, Beiser A, Vasan RS, et al. Thyroid function and the risk of Alzheimer disease: the 

Framingham Study. Arch Intern Med. 2008;168:1514-20. 

32. de Jong FJ, Masaki K, Chen H, et al. Thyroid function, the risk of dementia and 

neuropathologic changes: the Honolulu-Asia aging study. Neurobiol Aging. 2009;30:600-

6. 

33. Yeap BB, Alfonso H, Chubb SA, et al. Higher free thyroxine levels predict increased 

incidence of dementia in older men: the Health in Men Study. J Clin Endocrinol Metab. 

2012;97:E2230-7. 

34. World Health Organization and Alzheimer’s Disease International. Dementia: A Public 

Health Priority, 2012 [on-line]. Available at 

http://www.who.int/mental_health/publications/dementia_report_2012/en. Accessed 

October 27, 2015. 

35. Franceschi C, Motta L, Valensin S, et al. Do men and women follow different trajectories 

to reach extreme longevity? Italian Multicenter Study on Centenarians (IMUSCE). Aging 

(Milano). 2000;12:77-84. 

36. Buffenstein R, Pinto M. Endocrine function in naturally long-living small mammals. Mol 

Cell Endocrinol. 2009;299:101-11. 

37. Bowers J, Terrien J, Clerget-Froidevaux MS, et al. Thyroid hormone signaling and 

homeostasis during aging. Endocr Rev. 2013;34:556-89. 

38. Adler SM, Wartofsky L. The nonthyroidal illness syndrome. Endocrinol Metab Clin North 

Am. 2007;36:657-72, vi. 

39. Villar HC, Saconato H, Valente O, Atallah AN. Thyroid hormone replacement for 

subclinical hypothyroidism. Cochrane Database Syst Rev. 2007;(3):CD003419. 

  



69

Chapter 4

 

 

15. Ceresini G, Ceda GP, Lauretani F, et al. Thyroid Status and 6-Year Mortality in Elderly 

People Living in a Mildly Iodine-Deficient Area: The Aging in the Chianti Area Study. J 

Am Geriatr Soc. 2013;61:868-74. 

16. Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frölich M, Westendorp RG. Thyroid 

status, disability and cognitive function, and survival in old age. JAMA. 2004;292:2591–

2599. 

17. Pereg D, Tirosh A, Elis A, et al. Mortality and coronary heart disease in euthyroid patients. 

Am J Med. 2012;125:826 e827–e812. 

18. Cappola AR, Arnold AM, Wulczyn K, Carlson M, Robbins J, Psaty BM. Thyroid function 

in the euthyroid range and adverse outcomes in older adults. J Clin Endocrinol Metab. 

2015;100:1088-96. 

19. van den Beld AW, Visser TJ, Feelders RA, Grobbee DE, Lamberts SW. Thyroid hormone 

concentrations, disease, physical function, and mortality in elderly men. J Clin Endocrinol 

Metab. 2005;90:6403–6409. 

20. Ogliari G, Sabayan B, Mari D, et al. Age- and Functional Status-Dependent Association 

Between Blood Pressure and Cognition: The Milan Geriatrics 75+ Cohort Study. J Am 

Geriatr Soc 2015;63:1741-8. 

21. Spencer CA, LoPresti JS, Patel A, et al. Applications of a new chemiluminometric 

thyrotropin assay to subnormal measurement. J Clin Endocrinol Metab. 1990;70:453-60. 

22. Selmer C, Olesen JB, Hansen ML, et al. The spectrum of thyroid disease and risk of new 

onset atrial fibrillation: a large population cohort study. BMJ. 2012;345:e7895. 

23. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. 2012;379:1142–1154. 

24. Roberts CG, Ladenson PW. Hypothyroidism. Lancet. 2004;363:793–803. 

25. Cooper DS. Hyperthyroidism. Lancet. 2003;362:459–468. 

26. Hubbard RE, Rockwood K. Frailty in older women. Maturitas. 2011;69:203-7. 

27. Klein I, Ojamaa K. Thyroid hormone and the cardiovascular system. N Engl J Med. 

2001;344:501-9. 

28. Palatini P, Benetos A, Julius S. Impact of increased heart rate on clinical outcomes in 

hypertension: implications for antihypertensive drug therapy. Drugs. 2006;66:133-144. 

29. Ogliari G, Mahinrad S, Stott DJ, et al. Resting heart rate, heart rate variability and 

functional decline in old age. CMAJ. 2015;187:E442-9. 

30. Yeap BB, Alfonso H, Chubb SA, et al. Higher free thyroxine levels are associated with 

frailty in older men: the Health In Men Study. Clin Endocrinol (Oxf). 2012;76:741-8. 

 

 

31. Tan ZS, Beiser A, Vasan RS, et al. Thyroid function and the risk of Alzheimer disease: the 

Framingham Study. Arch Intern Med. 2008;168:1514-20. 

32. de Jong FJ, Masaki K, Chen H, et al. Thyroid function, the risk of dementia and 

neuropathologic changes: the Honolulu-Asia aging study. Neurobiol Aging. 2009;30:600-

6. 

33. Yeap BB, Alfonso H, Chubb SA, et al. Higher free thyroxine levels predict increased 

incidence of dementia in older men: the Health in Men Study. J Clin Endocrinol Metab. 

2012;97:E2230-7. 

34. World Health Organization and Alzheimer’s Disease International. Dementia: A Public 

Health Priority, 2012 [on-line]. Available at 

http://www.who.int/mental_health/publications/dementia_report_2012/en. Accessed 

October 27, 2015. 

35. Franceschi C, Motta L, Valensin S, et al. Do men and women follow different trajectories 

to reach extreme longevity? Italian Multicenter Study on Centenarians (IMUSCE). Aging 

(Milano). 2000;12:77-84. 

36. Buffenstein R, Pinto M. Endocrine function in naturally long-living small mammals. Mol 

Cell Endocrinol. 2009;299:101-11. 

37. Bowers J, Terrien J, Clerget-Froidevaux MS, et al. Thyroid hormone signaling and 

homeostasis during aging. Endocr Rev. 2013;34:556-89. 

38. Adler SM, Wartofsky L. The nonthyroidal illness syndrome. Endocrinol Metab Clin North 

Am. 2007;36:657-72, vi. 

39. Villar HC, Saconato H, Valente O, Atallah AN. Thyroid hormone replacement for 

subclinical hypothyroidism. Cochrane Database Syst Rev. 2007;(3):CD003419. 

  



70

 

 

Table 1. Characteristics of study population at baseline 

 Quartiles of TSH (mU/L)  

Characteristics All First 

0.24-1.02 

Second 

1.03-1.55 

Third 

1.56-2.16 

Fourth 

2.17-3.98 

p-

value 

Men n=338 n=89 n=89 n=89 n=71  

Demographics, years, mean (SD)       

  Age 81.6 (4.6) 81.5 (4.3) 81.2 (4.4) 81.6 (4.8) 82.3 (4.9) 0.523 

  Education 9.8 (5.0) 9.3 (4.6) 9.6 (5.0) 9.7 (5.2) 11.2 (5.0) 0.101 

Risk factors/ comorbidities, n (%)       

  Ever smoker 228 (67.5) 64 (71.9) 61 (68.5) 56 (62.9) 47 (66.2) 0.629 

  Hypertension 222 (65.7) 62 (69.7) 55 (61.8) 57 (64.0) 48 (67.6) 0.695 

  Diabetes mellitus 53 (15.7) 15 (16.9) 16 (18.0) 12 (13.5) 10 (14.1) 0.823 

  Atrial fibrillation 62 (18.3) 9 (10.1) 18 (20.2) 19 (21.3) 16 (22.5) 0.132 

  Coronary heart disease 98 (29.0) 26 (29.2) 23 (25.8) 26 (29.2) 23 (32.4) 0.842 

  Claudication 34 (10.1) 13 (14.6) 6 (6.7) 10 (11.2) 5 (7.0) 0.265 

  Depression or anxiety 136 (40.2) 46 (51.7) 35 (39.3) 30 (33.7) 25 (35.2) 0.066 

  Stroke or TIA 66 (19.5) 19 (21.3) 21 (23.6) 15 (16.9) 11 (15.5) 0.519 

  Cancer 53 (15.7) 15 (16.9) 11 (12.4) 15 (16.9) 12 (16.9) 0.799 

  Heart failure 35 (10.4) 5 (5.6) 11 (12.4) 7 (7.9) 12 (16.9) 0.093 

N of drugs, mean (SD) 3.8 (2.4) 3.8 (2.5) 3.7 (2.3) 3.4 (2.4) 4.1 (2.4) 0.322 

fT4 (ng/L), mean (SD) 12.0 (2.1) 12.3 (2.2) 12.1 (1.9) 12.0 (1.9) 11.4 (2.2) 0.147 

fT3 (pg/mL), mean (SD) 2.9 (0.5) 2.9 (0.5) 2.9 (0.6) 2.9 (0.5) 2.9 (0.6) 0.995 

Women n=630 n=152 n=152 n=155 n=171  

Demographics, years, mean (SD)       

  Age 82.2 (4.9) 82.4 (4.6) 82.2 (4.8) 81.4 (5.2) 82.8 (4.8) 0.074 

  Education 6.9 (3.8) 6.3 (3.3) 7.2 (3.7) 6.9 (3.8) 7.3 (4.3) 0.082 

Risk factors/ comorbidities, n (%)       

  Ever smoker 146 (23.2) 29 (19.1) 33 (21.7) 41 (26.5) 43 (25.1) 0.404 

  Hypertension 445 (70.6) 113 (74.3) 100 (65.8) 109 (70.3) 123 (71.9) 0.412 

  Diabetes mellitus 74 (11.7) 17 (11.2) 17 (11.2) 19 (12.3) 21 (12.3) 0.981 

  Atrial fibrillation 80 (12.7) 13 (8.6) 19 (12.5) 21 (13.5) 27 (15.8) 0.268 

  Coronary heart disease 132 (21.0) 33 (21.7) 25 (16.4) 29 (18.7) 45 (26.3) 0.148 

  Claudication 30 (4.8) 7 (4.6) 7 (4.6) 4 (2.6) 12 (7.0) 0.313 

  Depression or anxiety 356 (56.5) 80 (52.6) 88 (57.9) 94 (60.6) 94 (55.0) 0.514 

  Stroke or TIA 83 (13.2) 13 (8.6) 21 (13.8) 14 (9.0) 35 (20.5) 0.004 

  Cancer 41 (6.5) 7 (4.6) 15 (9.9) 7 (4.5) 12 (7.0) 0.186 

  Heart failure 50 (7.9) 12 (7.9) 14 (9.2) 10 (6.5) 14 (8.2) 0.845 

N of drugs, mean (SD) 3.5 (2.3) 3.3 (2.2) 3.4 (2.3) 3.4 (2.3) 3.9 (2.3) 0.115 

fT4 (ng/L), mean (SD) 12.3 (2.1) 12.6 (1.9) 12.3 (2.2) 12.5 (2.3) 11.8 (2.1) 0.026 

fT3 (pg/mL), mean (SD) 3.0 (0.5) 2.9 (0.5) 3.0 (0.5) 3.0 (0.6) 3.0 (0.6) 0.456 

P-values were calculated using ANOVA or chi-square test where appropriate. Abbreviations: SD: standard 

deviation, n: number, TSH: thyrotropin, fT4: free thyroxine, fT3: triiodothyronine, TIA: transient ischemic attack. 

 

 

Figure 1. Association of quartiles of TSH, fT4 and fT3 with 10-year mortality risk by sex 

 
Bars represent hazard ratios (95% confidence interval). The fourth TSH quartile, the first fT4 quartile and the 

fourth fT3 quartile were set as reference categories. The symbol * indicates a significant difference with the 

reference. P-values were computed using continuous TSH, fT4 and fT3. Analyses were adjusted for age, 

education, smoking, hypertension, diabetes mellitus, atrial fibrillation, CHD, claudication, heart failure, 

depression/anxiety, stroke/TIA, cancer, number of medications. Ranges for TSH quartiles are first: 0.24-1.02, 

second: 1.03-1.55, third: 1.56-2.16 and fourth: 2.17-3.98 mU/L. Ranges for fT4 quartiles are first: 8.1-10.6, 
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Table 1. Characteristics of study population at baseline 
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0.24-1.02 
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Third 
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Fourth 

2.17-3.98 

p-

value 

Men n=338 n=89 n=89 n=89 n=71  

Demographics, years, mean (SD)       
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  Education 9.8 (5.0) 9.3 (4.6) 9.6 (5.0) 9.7 (5.2) 11.2 (5.0) 0.101 
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  Depression or anxiety 136 (40.2) 46 (51.7) 35 (39.3) 30 (33.7) 25 (35.2) 0.066 

  Stroke or TIA 66 (19.5) 19 (21.3) 21 (23.6) 15 (16.9) 11 (15.5) 0.519 

  Cancer 53 (15.7) 15 (16.9) 11 (12.4) 15 (16.9) 12 (16.9) 0.799 
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fT4 (ng/L), mean (SD) 12.0 (2.1) 12.3 (2.2) 12.1 (1.9) 12.0 (1.9) 11.4 (2.2) 0.147 

fT3 (pg/mL), mean (SD) 2.9 (0.5) 2.9 (0.5) 2.9 (0.6) 2.9 (0.5) 2.9 (0.6) 0.995 

Women n=630 n=152 n=152 n=155 n=171  

Demographics, years, mean (SD)       

  Age 82.2 (4.9) 82.4 (4.6) 82.2 (4.8) 81.4 (5.2) 82.8 (4.8) 0.074 

  Education 6.9 (3.8) 6.3 (3.3) 7.2 (3.7) 6.9 (3.8) 7.3 (4.3) 0.082 

Risk factors/ comorbidities, n (%)       

  Ever smoker 146 (23.2) 29 (19.1) 33 (21.7) 41 (26.5) 43 (25.1) 0.404 

  Hypertension 445 (70.6) 113 (74.3) 100 (65.8) 109 (70.3) 123 (71.9) 0.412 

  Diabetes mellitus 74 (11.7) 17 (11.2) 17 (11.2) 19 (12.3) 21 (12.3) 0.981 

  Atrial fibrillation 80 (12.7) 13 (8.6) 19 (12.5) 21 (13.5) 27 (15.8) 0.268 

  Coronary heart disease 132 (21.0) 33 (21.7) 25 (16.4) 29 (18.7) 45 (26.3) 0.148 

  Claudication 30 (4.8) 7 (4.6) 7 (4.6) 4 (2.6) 12 (7.0) 0.313 

  Depression or anxiety 356 (56.5) 80 (52.6) 88 (57.9) 94 (60.6) 94 (55.0) 0.514 
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fT3 (pg/mL), mean (SD) 3.0 (0.5) 2.9 (0.5) 3.0 (0.5) 3.0 (0.6) 3.0 (0.6) 0.456 

P-values were calculated using ANOVA or chi-square test where appropriate. Abbreviations: SD: standard 

deviation, n: number, TSH: thyrotropin, fT4: free thyroxine, fT3: triiodothyronine, TIA: transient ischemic attack. 
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second: 10.7-11.9, third: 12.0-13.5 and fourth: 13.6-18.0 ng/L. Ranges for fT3 quartiles are first: 2.00-2.54, 

second: 2.55-2.90, third: 2.91-3.29 and fourth: 3.30-4.64 pg/mL. Abbreviations: HR: hazard ratio, TSH: 

thyrotropin, fT4: free thyroxine, fT3: triiodothyronine. 
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Bars represent hazard ratios (95% confidence interval) for 10-year mortality risk for each 1 mU/L increase in 

TSH, 1 ng/L increase in fT4 and 1 pg/mL increase in fT3. Analyses were adjusted for age, education, smoking, 

hypertension, diabetes mellitus, atrial fibrillation, CHD, claudication, heart failure, depression/anxiety, 

stroke/TIA, cancer, number of medications. Abbreviations: HR: hazard ratio, TSH: thyrotropin, fT4: free 

thyroxine, fT3: triiodothyronine. 
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Figure 3. Association between TSH and 10-year mortality risk by sex and age 

 

Bars represent hazard ratios (95% confidence interval). Analyses were adjusted for age, education, smoking, 

hypertension, diabetes mellitus, atrial fibrillation, CHD, claudication, heart failure, depression/anxiety, 

stroke/TIA, cancer, number of medications. P-values for age interaction were computed using TSH and age as 

continuous variables. Abbreviations: HR: hazard ratio, TSH: thyrotropin. 

  

 

 

Figure 4. Association between TSH categories and 10-year mortality risk by sex 

 

Bars represent hazard ratios (95% confidence interval). Analyses were adjusted for age, education, smoking, 

hypertension, diabetes mellitus, atrial fibrillation, CHD, claudication, heart failure, depression/anxiety, 

stroke/TIA, cancer, number of medications. Abbreviations: HR: hazard ratio, TSH: thyrotropin. The symbol * 

indicates a significant difference with the reference category. P-values were calculated for continuous TSH. 
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Supplementary Figure 1. Association of quartiles of TSH with 5-year mortality risk by 

sex 

                                    Men                                                                 Women 

 

Bars represent hazard ratios (95% confidence interval). The fourth and the third TSH quartile were set as reference 

category for men and women, respectively. The symbol * indicates a significant difference with the reference. P-

values for linear and for quadratic association were computed using TSH and squared TSH as continuous 

measures, respectively. Analyses were adjusted for age, education, smoking, hypertension, diabetes mellitus, atrial 

fibrillation, CHD, claudication, heart failure, depression/anxiety, stroke/TIA, cancer, number of medications. 

Ranges for TSH quartiles are first: 0.24-1.02, second: 1.03-1.55, third: 1.56-2.16 and fourth: 2.17-3.98 mU/L. 

Abbreviations: HR: hazard ratio, TSH: thyrotropin. 

  

 

 

Supplementary Table 1. Association of TSH, fT4 and fT3 with mortality risk at different 

follow-ups 

 Men Women 

 HR [95% CI] p-value 

for linear 

p-value for 

quadratic 

HR [95% CI] p-value 

for linear 

p-value for 

quadratic 

TSH       

At 1-year 0.61 [0.35; 1.07] 0.086 0.695 0.77 [0.50; 1.18] 0.227 0.099 

At 5-year 0.74 [0.59; 0.93] 0.009 0.818 1.05 [0.87; 1.25] 0.630 0.009 

At 10-year 0.81 [0.68; 0.96] 0.013 0.977 1.09 [0.96; 1.23] 0.206 0.074 

fT4       

At 1-year 1.08 [0.85; 1.38] 0.508 0.100 1.03 [0.85; 1.24] 0.766 0.335 

At 5-year 1.12 [1.01; 1.24] 0.033 0.390 0.99 [0.91; 1.07] 0.775 0.622 

At 10-year 1.12 [1.03; 1.21] 0.008 0.521 0.99 [0.94; 1.04] 0.660 0.909 

fT3       

At 1-year 0.50 [0.14; 1.79] 0.287 0.600 0.45 [0.19; 1.09] 0.077 0.461 

At 5-year 0.62 [0.38; 1.00] 0.050 0.321 0.59 [0.41; 0.84] 0.004 0.930 

At 10-year 0.78 [0.55; 1.10] 0.151 0.931 0.78 [0.62; 0.99] 0.037 0.827 

Hazard ratios (95% confidence intervals) are for each 1 mU/L increase in TSH, 1 ng/L increase in fT4 and 1 

pg/mL increase in fT3. All analyses were adjusted for age, education, smoking, hypertension, diabetes mellitus, 

atrial fibrillation, CHD, claudication, heart failure, depression/anxiety, stroke/TIA, cancer, number of 

medications. P-values for linear and quadratic associations were calculated using TSH, fT4 and fT3 as continuous 

variables in Cox-regression. Abbreviations: HR: hazard ratio, CI: confidence interval, TSH: thyrotropin, fT4: free 

thyroxine, fT3: triiodothyronine. 
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Heart rate, heart rate variability and functional decline 

 

 

 

 

 

Manuscript based on this chapter has been published as: 

Ogliari G*, Mahinrad S*, Stott DJ, Jukema JW, Mooijaart SP, Macfarlane PW, Clark EN, 

Kearney PM, Westendorp RG, de Craen AJ, Sabayan B. Resting heart rate, heart rate variability 

and functional decline in old age. CMAJ. 2015;187(15):E442-9. 

 

* Giulia Ogliari and Simin Mahinrad contributed equally to this work 

  


