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Physiology 

Subclinical hypothyroidism (TSH ↑) 

 

Subclinical Hyperthyroidism (TSH ↓) 

 

Agenda 



 

   Physiology 

 



Age-induced changes to thyroid 

 

• Anatomical  

– nodularity 

 

• HP Thyroid- axis  

– thyroid function (TH) 

– thyroid autoimmunity (TAI) 



Anatomical changes 
 

 

• 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).  

… 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): 699–706 





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 ↑) 

 

Subclinical Hyperthyroidism (TSH ↓) 

 

Agenda 



• MORBIDITY 
– General symptoms 

– Lipids 

– Atherosclerosis, Cardio Vascular aspects 

– Cognitive aspects 

– Frailty / Bone 

 

• MORTALITY  
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• Definition 

• Causes / 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 ≤10 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  
 

• 422242 patients included 

• No history or treatment for thyroid disorders 

• 95 % normal TSH (0.35-5.5 mU/l)  

• 1.2% decreased TSH (< 0.35 mU/l)  

• 3 % were elevated TSH (> 5.5-10 mU/L)  

• 0.7 % 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, 20–40% 

have a low serum TSH concentration.  



(JCEM 94: 1342–1345, 2009 
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1/ Confounding conditions 

 

 

2/ Confounding factors 

 

DD 
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        NTI 

 

•  cytokines  
» IL-1, IL-6, TNF- 

» inhibiting 5’-D activity 

»  !! also an age-related increase in cytokines 

• nutrition status 

– starvation / low proteins, Se  

– high corbohydrates, low leptine, low TRH 

 

  “protective” low T3 ? 





 

« Try » NOT to determine thyroid 

function tests during a period of 

ilness, fever, corticoid treatment … 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.slideshare.net/julietkelsten/ebook-29193715&ei=AH_PVJHQKonlaJ70gMgM&bvm=bv.85076809,d.bGQ&psig=AFQjCNE6nibG6U7aLRVqhct5jPVBsbDJYw&ust=1422970971732033


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! 

 

Don’t measure TT in sick patients  

 

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

before starting a treatment 

 

Think about interfering medications ≠ thyroid disease 
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• Associations / Treatment evidence 

 

 

 

 

 



• MORBIDITY 
– General symptoms 

– Lipids 

– Atherosclerosis, Cardio Vascular aspects 

– Cognitive aspects 

– Frailty / Bone 

 

• MORTALITY  

 

 

 

 

 



 

 

 

• General 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 3.5–10.0 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 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.slideshare.net/julietkelsten/ebook-29193715&ei=AH_PVJHQKonlaJ70gMgM&bvm=bv.85076809,d.bGQ&psig=AFQjCNE6nibG6U7aLRVqhct5jPVBsbDJYw&ust=1422970971732033


 

 

 

•Lipids 
 

 

 

 

 



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 



 

 

 

• Atherosclerosis 

 

CV system 
 

 

 

 



Lancet 1971; I: 203 





Functional cardiac effects of SHyper 

• Resting tachycardia 

• LV hypertrophy 

• Increase LV mass index 

• Increase cardiac workload 

• Diastolic dysfunction (impaired relaxation) 

• Increased systolic function at rest 

• Impaired systolic response to excercise 

Biondi, Kahaly, Klein and others 



 

 

• Longitudinal or cross sectional studies of 

independent community-based subjects 

• 14 studies fitted stringent criteria 

• 2,531 SCH /  26,491 euthyroid individuals 

• Divided studies according to age of inclusion 

•<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  

• 55,287 participants; 3,450 with SCH (6.2%) 

• Information derived from 11 studies 

• 9664 deaths; 2168 from CHD 

 

• SCH 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 

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

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



-No association SCH – 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 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.slideshare.net/julietkelsten/ebook-29193715&ei=AH_PVJHQKonlaJ70gMgM&bvm=bv.85076809,d.bGQ&psig=AFQjCNE6nibG6U7aLRVqhct5jPVBsbDJYw&ust=1422970971732033


 

 

 

• Cognitive 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: 4945–4954, 2016 











Dementia-HyperT 

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

necrosis and oxidative stress associated with both HT and 

Alzheimer’s disease. 

 

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

hormones target genes are involved in neurogenesis.  

 

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

as described in Alzheimer’s disease.  

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

patients with untreated Graves’ disease, but normalized after treatment.  

 

Aubert C, Clin Endo 2017  



-No association SCH – 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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• Frailty / Bone 
 

 

 

 



 

 

 

• Frailty / Bone 
 

 

 

 

JCEM 100: 4524–4532, 2015 











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

women), a median (IQR) follow-up of 12.1 (8.3–13.0) 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 (0.10–0.44)  

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







Does bone benefit from treating 

postmenopausal women with Shyper? 

 

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

multinodular goiter were randomised for I* treatment and followed for 

two years: 

– treated patients had normal TSH levels  

• had no significant change in lumbar and hip BMD  

– untreated patients with low TSH levels  

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

      Faber J et al. Clin Endocrinol (Oxf) 1998 

 

 

• 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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• MORBIDITY 

– General symptoms 

– Lipids 

– Atherosclerosis, Cardio Vascular aspects 

– Cognitive aspects 

– Frailty / Bone 

 

• MORTALITY  

 

 

 

 

 



Meta-analysis of  

10 cohort studies 

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



 

 EJE (2017) 176, 1–9  









Conclusions 



Meta-summary of meta-analyses 

Author Number Cardiovascular 

events 

Cardiovascular 

mortality 

All cause 

mortality 

Singh 2008 13,267 1.53 (1.31–1.79) 1.28 (1.02–1.60) 1.12 (0.99-1.26) 

Ochs 2008 14,449 1.20 (0.97-1.49) 1.18 (0.98-1.42) 1.12 (0.99-1.26) 

Haentjens 2008 14,619 NI NI 1.22 (0.95-1.57) 

Razvi 2008 29,022 1.23 (1.02– 1.48) 1.09 (0.84 –1.41) NI 

Rodondi 2010 55,287 1.18 (0.99- 1.42) 1.14 (0.99- 1.32) 1.09 (0.96-1.24)  

Thvilum 2012 35,740 NI NI 1.17 (1.00-1.37) 

• RR (5-95% CI) 





UK General Practice Research Database 

 

• Primary care resource linking ~10 million patient records, labs, prescriptions 

& death certificates 

• During 2001 there were 322,291 TSH measurements 

• Identified 4,735 people > 40 yrs with TSH 5.0- 10.0 mU/l, nl FT4 

• Excluded individuals on L-T4, ATDs, previous thyroid disease, previous IHD, 

stroke, other vascular disease 

• Participants followed 2001-2008 (median 7.6 yrs) 

• People aged 40- 70 yrs (n=3093) and >70 yrs (n=1642) 

• 53% and 50% were treated with LT4 (median dose 75μg (12.5-175 μg) 

daily)  

• Primary Care decision 

 

Razvi S et al. Arch Intern Med 2012 



Baseline characteristics 

40-70 yrs >70 yrs 

Untreated L-T4 Rx Untreated L-T4 Rx 

Number 1459 1634 823 819 

Age 55.9 ± 8.3 55.9 ± 8.4 79.9 ± 6.5 79.4 ± 6.2 

Females 82.5% 87.4% 75.6% 84.6% 

Serum TSH (mU/l) 6.3 ± 1.3 6.7 ± 1.4 6.3 ± 1.2 6.8 ± 1.4 

Serum FT4 (pM) 13.4 ± 4.4 12.9 ± 3.0 14.6 ± 4.4 13.9 ± 3.4 

BMI (Kg/m2) 27.8 ± 5.9 28.1 ± 6.2 25.4 ± 4.6 26.3 ± 5.1 

Systolic BP (mmHg) 136.5 ± 20.0 135.2 ± 19.3 149.4 ± 23.5 149.4 ± 22 

T Cholesterol (mM) 5.86 ± 1.34 5.82 ± 1.21 5.93 ± 1.36 5.95 ± 1.25 

Diabetes 18.0% 18.1% 26.9% 26.6% 

Smokers (current) 18.3% 17.9% 10.9% 10.1% 

Deprivation index 17.5 16.75 15.86 16.58 

GP contacts/yr 1.2 1.3 2.3 2.4 



Fatal & non-fatal vascular events  
40-70 yrs 

HR 0.61 (0.39- 0.95); p=0.02 



Fatal & non-fatal IHD events  
>70 yrs 

HR 0.99 (0.59- 1.33); p=0.56 



All cause mortality 
40-70 yrs 

HR= 0.36 (0.19 – 0.66); p<0.001 



All cause mortality 
>70 yrs 

HR= 0.71 (0.56 – 1.08); p=0.11 



Degree of serum TSH elevation 

Hazard Ratio for vascular events P value for trend 

TSH 6.6 or less TSH > 6.6 

40-70 yrs 0.62 (0.39-0.96) 0.41(0.26-0.81) 0.007 

>70 yrs 1.02 (0.66-1.82) 1.19 (0.74-1.80) NS 

• Median serum TSH: 6.6 mU/l 

• Reference group (HR=1) is untreated patients 

Razvi et al. Arch Int Med 2012 



 

- Strong association with (all-cause) mortality in 

all age groups and HT, especially during the 

first year of diagnosis 

 

- Weak/absent association with SCH >70 years 
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– This association does however seems to be weaker 

or even absent in older population (> 70 years) 

 

– Two main hypotheses are running to explain this: 

• late onset of SCH 

• reference range for serum TSH (FT4) are not adapted 

according to age  



  Definition of SCH 

 
High serum TSH  (above the upper 

limit of the assay)  

& 

 Normal FT4  

 
 



 

How are normal TSH reference values 

determined ? 

 

 

 

 

 

 

 

  



« Normal ranges »   

 

Are determined after correction for 

 

1/ TPO-abs  

 

2/ severe iodine deficiency  



« Normal ranges »  

Are determined after correction for 

 

1/ TPO-abs  

 

2/ severe iodine deficiency  

 

What about the 

correction for   

AGE ?! 





 

 

About 70% of older patients who 

would be classified as SCH (TSH > 

4.5 mU/L) were within their age-

specific reference range.  

 

 



Prevalence of thyroid dysfunction and autoimmunity 

in the older population and implications of  

age-specific reference ranges 
 



0.30 

 

4.0  

Lab refs 

   



P=0.027 



Einstein. 2015;13(1):117-21 





No significant increase in 

risk of CV events, coronary 

heart disease, or total 

mortality was observed. 

 

Elevated thyrotropin 

concentration was 

associated with longevity. 



 

-Age-specific reference ranges can have an 

important impact on study 

results/conclusions/treatment proposals 

 

ESPECIALLY in case of SCH  
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• Management in daily practice 
 

 

 

 

 



LT4 – SCH ? 



Who should we consider treating? 

• Symptoms or signs of hypothyroidism 

• Age < 70 yrs 

• TSH > 7.0 mU/l 

• Goitre 

• High vascular risk including 

– Ischaemic heart disease 

– Diabetes 

– Dyslipidaemia 



* Pregnant women 





http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.slideshare.net/julietkelsten/ebook-29193715&ei=AH_PVJHQKonlaJ70gMgM&bvm=bv.85076809,d.bGQ&psig=AFQjCNE6nibG6U7aLRVqhct5jPVBsbDJYw&ust=1422970971732033






 

 

 

• Global Conclusions 
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• Thyroid function results in the elderly (>70 years) should 

be interpreted with caution as the “normal” range differ 

from that in younger population.  

– This might explain few associations with SCH 

 

• A single abnormal TSH result should be monitored over 

time as a substantial number of people with SCH will 

normalise spontaneously. 

 

• SCH in elderly people should not be treated routinely if 

TSH is <10 mU/L and if the patient is otherwise well. 

 

• If LT4 is given, start “low & go slow” 



• sch is associated with a number of adverse outcomes 

(and suppressed TSH > low TSH) 

 

• Think about confounding conditions / factors in the DD 

 

• A single abnormal TSH result should be monitored over 

time as a substantial number of people with SCH will 

normalise spontaneously 

 

• Endogenous HT seems to be stronger associated with 

altered outcomes than exogenous HT  

 

• An evidence vacuum remains on the efficacy of the 

treatment …  
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