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   Physiology 

 



Age-induced changes to thyroid 

 

ÅAnatomical  

ïnodularity 

 

ÅHP Thyroid- axis  

ïthyroid function (TH) 

ïthyroid autoimmunity (TAI) 



Anatomical changes 
 

 

Å A general trend is thyroid gland atrophy; characterized by a reduction in 

weight and size of follicles, a decrease in colloid content, and subtle 

degree of diffuse fibrous interstitial expansion  (Figure 1).  

é by contrast, several other studies have identified an increase in 

thyroid size and weight as well as higher incidences of nodular 

disease with advancing age. 

17 yrs 58 yrs 



Eur J Clin Invest  

2009; 39 (8): 699ï706 





HPT axis changes 



Serum TSH, T(4), and thyroid antibodies in the United States 

population (1988 to 1994): National Health and Nutrition Examination 

Survey (NHANES III). Hollowell JG et al. JCEM 2002 87:489-99. 

 

 

 



Mariotti et al. JCEM 1993 

FT4 (and TT4) levels remain constant 

 

Age related decline in T3 levels (ill people excluded) 

 



Thyroid autoimmunity (TAI) 

% positive TPO-Ab (0) and Tg-Ab in healthy people 

Mariotti et al. Lancet 1992 

 



Subclinical hypothyroidism (TSH ŷ) 

 

Subclinical Hyperthyroidism (TSH Ź) 

 

Agenda 
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ÅDefinition 

ÅCauses / Prevalence  
 

 

 

 

 



   

 

 
High serum TSH  (above the upper limit of 

the assay)  

& 

 Normal FT4  

 

 
 

Subclinical hypothyroidism (SCH) 



The Colorado Thyroid Disease Prevalence Study 

Arch Intern Med. 2000 
   

Prevalence 



 

 

 

Causes of SCH 



Spontaneous evolution of SCH 
 

 

In a study of 422,242 persons with SCH (5.5 to Ò10 mU/L), during 5 

years FU, TSH became normal in 62 % of patients.  

  
- normalization of serum TSH is more likely to occur in patients  

 

 *without TAI / *TSH <10 mU/I / *within the first 2 years after diagnosis 

----------------------------------------------------------------------- 

20 years FU study of the Wickham survey, evolution to overt 

hypothyroidism 

 

4% / year in women with raised TSH and thyroid antibodies 

3% / year if only TSH is raised 

2% / year if only thyroid antibodies 

 

 

 

 

 

 

Spontaneous normalization of thyrotropin 

concentrations in patients with subclinical 

hypothyroidism. Díez JJ, et al. JCEM  2005 
 

 

 

 

Vanderpump et al., Clin Endocrinol, 1995 

 



   

 

 
Low serum TSH  &  

Normal FT4 and FT3 

 

 
 

Subclinical Hyperthyroidism (sch) 



Degrees of (s)hyperthyroidism 
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NHANES III 

Prevalence 



Serum thyrotropin  

measurement in the community  
 

Å422242 patients included 

ÅNo history or treatment for thyroid disorders 

Å95 % normal TSH (0.35-5.5 mU/l)  

Å1.2% decreased TSH (< 0.35 mU/l)  

Å3 % were elevated TSH (> 5.5-10 mU/L)  

Å0.7 % were highly elevated TSH (> 10 mu/l) 

Serum thyrotropin measurements in the community: five-year follow-up in 

a large network of primary care physicians.  

Meyerovitch J et al. Arch Intern Med.  2007 



Causes 



B. Goichot et al. Clinical presentation of hyperthyroidism in a large representative 

sample of outpatients in France: relationships with age, aetiology and hormonal parameters.   

Clin Endo 2016 



Causes 

Exogenous sch is more frequent than 

the endogenous variant. 

 

Of those taking levothyroxine, 20ï40% 

have a low serum TSH concentration.  



(JCEM 94: 1342ï1345, 2009 
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1/ Confounding conditions 

 

 

2/ Confounding factors 

 

DD 
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        NTI 

 

Å¬ cytokines  
» IL-1, IL-6, TNF-a 

» inhibiting 5ô-D activity 

»  !! also an age-related increase in cytokines 

Ånutrition status 

ïstarvation / low proteins, Se  

ïhigh corbohydrates, low leptine, low TRH 

 

  ñprotectiveò low T3 ? 





 

« Try » NOT to determine thyroid 

function tests during a period of 

ilness, fever, corticoid treatment é 
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Evolution of SCH to HT 

87% remained <0.1 
76% returned to normal 

           12 months follow up 

Parle JV et al. 1991 Clin Endo 



Work-up 



SCH = high serum TSH (above reference range)  

and normal FT4 

 

sch = low serum TSH (under reference range/ suppressed) 

with normal FT4 and FT3  

 

Think about the degrees of sch! 

 

Donôt measure TT in sick patients  

 

Check sligthly high/low TSH levels 2-3 months later, 

before starting a treatment 

 

Think about interfering medications Í thyroid disease 
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ÅAssociations / Treatment evidence 

 

 

 

 

 



ÅMORBIDITY 
ïGeneral symptoms 

ïLipids 

ïAtherosclerosis, Cardio Vascular aspects 

ïCognitive aspects 

ïFrailty / Bone 

 

ÅMORTALITY  

 

 

 

 

 



 

 

 

ÅGeneral symptoms 
 

 

 

 

 



Ravzi et al. J Clin Pathol 2010 







Boelaert, K., et al. Older individuals with hyperthyroidism present with a 

paucity of symptoms and signs: a large cross-sectional study. JCEM 2010. 







 

Conclusion:  

 

In subjects with SHT (TSH in the 3.5ï10.0 mIU/L 

range), there is no neuropsychological 

dysfunction, compared with healthy controls 

 

! T4 substitution had no effect on any of the 

parameters measured 

(mean age 60 years) 



 

 

 

Symptoms are less frequent in older 

patients and not-sensitive for thyroid 

dysfunction 
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ÅLipids 
 

 

 

 

 



Colorado survey: statistically higher total and LDL cholesterol in subjects 

with mild thyroid failure vs. euthyroid subjects ( TC 224 mg/dl, vs.216 mg/dl) 

Dia JCEM Mc Dermott fig3 

 Canaris et al., 2000 Arch Intern Med 160(4):526 -34 
 



The Colorado Thyroid Disease Prevalence Study  Arch Intern Med. 2000 
   



Treatment evidence 

Meier et al. 2001 



 

 

 

ÅAtherosclerosis 

 

CV system 
 

 

 

 



Lancet 1971; I: 203 





Functional cardiac effects of SHyper 

ÅResting tachycardia 

ÅLV hypertrophy 

ÅIncrease LV mass index 

ÅIncrease cardiac workload 

ÅDiastolic dysfunction (impaired relaxation) 

ÅIncreased systolic function at rest 

ÅImpaired systolic response to excercise 

Biondi, Kahaly, Klein and others 



 

 

ÅLongitudinal or cross sectional studies of 

independent community-based subjects 

Å14 studies fitted stringent criteria 

Å2,531 SCH /  26,491 euthyroid individuals 

ÅDivided studies according to age of inclusion 

Å<65 yr vs 65 and above: median 60 & 74 yr  

JCEM 2008 



IHD prevalence in cross-sectional studies of  

SCH & euthyroid controls 

Younger < 65 yrs 

Older > 65 yrs 



IHD incidence in longitudinal studies of  

SCH & euthyroid controls 

Younger 

Older 



Cardiovascular mortality in longitudinal studies of  

SCH & euthyroid controls 

Younger 

  Older 



Patient-level analysis  

Å55,287 participants; 3,450 with SCH (6.2%) 

ÅInformation derived from 11 studies 

Å9664 deaths; 2168 from CHD 

 

ÅSCH defined as TSH 4.5-19.99 mU/l (N FT4) 

 

 

JAMA 2010 



Patient-level analysis: TSH 



Patient-level analysis: TSH 



Sawin et al. NEJM; 1994 

   AF in Framingham survey 

<0.1 

0.1- 0.4 

>5.0 

0.4- 5.0 

TSH 
(mU/l) 



Cardiovascular Health Study 

Å 3233 US community dwelling individuals over 65, mean age 73 

Å AF rate 2.0 (CI 1.3-3.0) in SHyper 
Cappola et al. JAMA 2006 



-No association SCH ï CV in patients >70 years 

-Association in 60-70 patients especially when 

serum TSH >7 mIU/L  

------------------ 

-Suppressed (>low) serum TSH is associated 

with and increased prevalence of AF and heart 

failure  

-Lack of treatment evidence on the reversibility 

of low TSH ~ outcomes 
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ÅCognitive Aspects 
 

 

 

 



DEMENTIA 

 
The Rotterdam study Kalmijn et al. 2000 Clin Endo (Oxf) 

 

Prospective population based cohort study 1843 participants  

aged 55 years and over follow up 2 to 4 years 

 

DIA Kalmijn et al, 2000 Table 2 



JCEM 2015 







DEMENTIA 

 
The Rotterdam study Kalmijn et al. 2000 Clin Endo (Oxf) 

 

Prospective population based cohort study 1843 participants  

aged 55 years and over follow up 2 to 4 years 

 

DIA Kalmijn et al, 2000 Table 2 



JCEM 101: 4945ï4954, 2016 











Dementia-HyperT 

Å First, dementia may be caused by an increase in neuronal 

necrosis and oxidative stress associated with both HT and 

Alzheimerôs disease. 

 

Å Second, a genetic susceptibility may exist, as some thyroid 

hormones target genes are involved in neurogenesis.  

 

Å Third, dementia could be caused by lower choline in the brain, 

as described in Alzheimerôs disease.  

ï In a pilot study, choline/creatine ratio in the brain was indeed lower in 

patients with untreated Gravesô disease, but normalized after treatment.  

 

Aubert C, Clin Endo 2017  



-No association SCH ï MMS/dementia in 

patients >75 years 

-Possible association SCH- some outcomes in 

patients <75 years  

------------------ 

-Suppressed (>low) serum TSH is associated 

with and increased prevalence of dementia 

-Lack of treatment evidence on the reversibility 

of low TSH ~ cognitive parameters 
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ÅFrailty / Bone 
 

 

 

 



 

 

 

ÅFrailty / Bone 
 

 

 

 

JCEM 100: 4524ï4532, 2015 











The final sample consisted of 70298 participants (median age 64 years; 61.3% 

women), a median (IQR) follow-up of 12.1 (8.3ï13.0) years 

 

A total of 63 987 (91.0%) of the participants were euthyroid, 4092 (5.8%) had SCH, 

and 2219 (3.2%) had Shyper:  

 - including 1669 (2.4%) with low but not suppressed TSH (0.10ï0.44)  

 - 550 (0.8%) with suppressed TSH (<0.10 mIU/L) 







Does bone benefit from treating 

postmenopausal women with Shyper? 

 

Å Postmenopausal women with SHyper (TSH <0.2 mIU / L) due to 

multinodular goiter were randomised for I* treatment and followed for 

two years: 

ïtreated patients had normal TSH levels  

Åhad no significant change in lumbar and hip BMD  

ïuntreated patients with low TSH levels  

Åhad a continued loss of bone mass of about 1 to 2 percent per year  

      Faber J et al. Clin Endocrinol (Oxf) 1998 

 

 

Å Significant increase in BMD in persons with SHyper after six months of 

normalization of thyroid function tests 

                   Greenlund LJ et al. Endocr Pract. 2008 



 

-Suppressed (>low) serum TSH is associated with  

 - frailty / older men  

 - (hip) fractures  

 

-Lack of treatment evidence on the reversibility of 

low TSH ~ fracture rate 
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ÅMORBIDITY 

ïGeneral symptoms 

ïLipids 

ïAtherosclerosis, Cardio Vascular aspects 

ïCognitive aspects 

ïFrailty / Bone 

 

ÅMORTALITY  

 

 

 

 

 



Meta-analysis of  

10 cohort studies 

Å 52,000 participants (2188 with SH) Collet et al. Arch Intern Med 2012 



 

 EJE (2017) 176, 1ï9  






