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Frequency

Some studies suggest 50-80% population

• Aging From age 10 to 20 T4 and T3 decline by 7% and by age 90 45%

Bermudez et al, J Clin Endoc metab, 1975, 41; 28-40

• Reference Ranges = 95% population

• Small changes eg T4 ref range 9-25pmol/l, mean 17

17.1pmol/l  - 3 or more features of metabolic syndrome, 

17.5              - 2

17.6              - 1

18.0                 Free of metabolic syndrome



Feb 2021 Consensus Statement re T4/T3 
Combinations in Treating Hypothyroidism

• European Thyroid Journal 2021;10:10-38

• ETA, BTA, ATA

• Patients have reported benefit from using T4 and T3 combinations in 
spite of clinical trials not always supporting this.

• New basic science from rat studies and clinical evidence  is reviewed.

• Advised DBRPCT including patients dissatisfied with T4 to be treated 
with T4 + T3 

• Studies powered to study the effect of deiodinase and thyroid 
hormone transporter



Physiology of deiodinase enzymes

• D1 and D2 convert T4 to T3 (rationale for use of T4 only Tx)

• T4 inactivates D2

• Rats:

• T4 only Tx did not achieve normal T3 levels in serum or some tissues. T4 + T3 Tx did 
achieve normal levels.

• The hypothalamus and the ant pituitary convert T4 to T3 more efficiently due to less 
inactivation of D2 by T4.

• Thus when T4 only Tx is given TSH is normalized before T3 levels are fully restored in 
plasma and other tissues.

• Human study: 

• T4 monotherapy: increase T4, Increased T4:T3 ratio, decline in T3



Rat Studies cont: TSH and T3 levels

• When T4 only Tx is given TSH is normalized before T3 levels are fully 
restored in plasma and other tissues

• T4 + T3 Tx in hypothyroid rats normalised TSH and allowed T3 deficit 
to be redressed. 

• Markers of euthyroidism: cholesterol, mitochondrial content, liver 
and muscle enzymes also normalized to match controls. 



Transport

• For about two and half decades it was assumed that the uptake of 
thyroid into the cells is by simple diffusion and that the driving force 
for this diffusion is the concentration of the free hormones in the 
serum. This “free hormone” or “diffusion hypothesis” was formulated 
in 1960 and assumes the concentration of free hormones (free T4 and 
free T3) in the serum determines the rate and extent of uptake into 
the cell and thus intracellular thyroid hormone concentration.



TH transport

• It has clearly been shown that the rate-limiting step in the 
determination of thyroid activity is the rate of thyroid hormone 
transport into the cell and that this transport has nothing to do with 
diffusion, but rather it is energy requiring active transport

• Therefore, any condition associated with reduced production of the 
cellular energy (mitochondrial dysfunction) will also be associated 
with reduced transport of thyroid into the cell, resulting in cellular 
hypothyroidism despite having standard blood tests in the “normal” 
range.



What Conditions Are Associated with reduced 
Mitochondrial Fx?

• chronic and acute dieting, 

• anxiety, stress, 

• insulin resistance, obesity, diabetes,

• depression and bipolar disorder, 

• hyperlipidemia (high cholesterol and triglycerides), 

• chronic fatigue syndrome, fibromyalgia, 

• neurodegenerative diseases (Alzheimer’s, Parkinson’s and multiple sclerosis), 

• migraines

• Cardiovascular disease

• Chronic infections

• Inflammation and chronic illness

• Aging



Transporters

• There are different transporters that are specific and necessary for 
the transport of T4 and T3 into the cell where they have their effect. 
The transporter for T4 is much more energy dependent (it requires 
more energy) than the transporter for T3 . Even slight reductions in 
cellular energy (mitochondrial function) results in dramatic declines in 
the uptake of T4

• This cellular hypothyroidism is not detected by serum T4 levels 
because the less T4 transported into the cell and the lower the 
cellular level of T4, the higher the serum T4 level. 



Transport in the Pituitary Gland

• Although TSH is a reflection of intracellular TH levels it also will not  
detect cellular hypothyroidism because the pituitary has completely 
different transporters that are not energy dependent

• It will maintain or increase the uptake of T4 and T3 in low energy 
states

• The transporters for T4 and T3 in the pituitary are also not inhibited 
by numerous environmental toxins and substances produced by the 
body during physiologic stress and calorie reduction that inhibit 
thyroid transport into other cells in the body, including bilirubin and 
fatty acids



Transport

• common medications, including benzodiazepines such as diazepam 
(Valium), lorazapam (Ativan), are shown to inhibit T3 uptake into the cells 
of the body but have no effect on transport of T3 into the pituitary

• Germain et al study of dieting, pituitary T3 content is independent of the 
rest of the body. The dramatically reduced serum T4 and T3 levels seen 
with dieting are associated with an increase in pituitary T3 receptor 
saturation (percent of activated T3 receptors), which results in a decrease 
in TSH even when serum levels were reduced by 50%.

• St Germain DL, Galton VA. Comparative study of pituitary-thyroid hormone 
economy in fasting and hypothyroid rats. J Clin Invest 1985;75(2):679–688.



CALORIE RESTRICTION

• It was found that dieting obese individuals had a 50% reduction of T4 into 
the cell and a 25% reduction of T3 into the cell due to the reduced cellular 
energy stores, demonstrating that in such patients standard thyroid blood 
tests are not accurate indicators of intracellular thyroid levels. This also 
demonstrates why it is very difficult for obese patients to lose weight; as 
calories are decreased, thyroid utilization is reduced and metabolism 
drops. This will, however, not be detected by standard TSH, T4 and T3 
testing. Additionally, there are increased levels of free fatty acids in the 
serum with chronic dieting, which further suppresses T4 uptake into the 
cells and furthers cellular hypothyroidism.

• van der Heyden JT, Docter R, van Toor H, et al. Effects of caloric deprivation 
on thyroid hormone tissue uptake and generation of low-T3 syndrome. Am 
J Physiol Endocrinol Metab 1986;251(2):156-E163.



HOW CAN WE KNOW?
• TSH and serum T4 levels fail to correlate with intracellular thyroid levels. 

• Reduced T4 in the cell will mean less T4 able to be converted to T3 inside the cell so 
neither T4 nor T3 in the serum are accurate reflections of intracellular hypothyroidism.

• The transporter for reverse T3 (rT3) is similar to T4 in that it is energy dependent and has 
the same kinetics as the T4 transporter making it a useful indicator of diminished 
transport of T4 into the cell 

• Thus, a high reverse T3 demonstrates that there is either an inhibition of reverse T3 
uptake into the cell and/or there is increased T4 to reverse T3 formation. These always 
occur together in a wide range of physiologic conditions and both cause reduced 
intracellular T4 and T3 levels and cellular hypothyroidism.

• T4 only replacement would not be considered optimal in such cases and would be 
expected to have inadequate or sub-optimal results. 

• A high reverse T3 can be associated with hyperthyroidism as the body tries to reduce 
cellular thyroid levels, but this can be differentiated by symptoms and by utilizing the 
free T3/reverse T3 ratio, which is proving to be the best physiologic marker of 
intracellular thyroid levels



Presentation

• Low energy. Worst in the 
morning and when sedentary

• Depression at same time as 
fatigue

• Anxiety

• Weight gain or difficulty losing it

• Constipation

• Feeling the cold

• Poor memory

• Brain fog

• Menstrual issues

• Infertility

• PMS

• ED

• Snoring

• Insomnia



Presentation Children

• 170 hypothyroid children in Bangladesh (reduced T4)

• Performed poorly in reading, spelling, cognitive skills

• Huda Sn et al, J Nutr 1999 May; 129 (5): 980-7



History

• Infertility

• Pregnancy hyperemesis 

• baby >3.5kg, children

• Ability to drink a lot of caffeine. Caffeine decreases TSH, T4, T3

• Spindel E et al, J Pharm Exp Ther. 1980; 214 (1): 58-62



Examination

• Baby jaundice, swollen face, tongue, lips, flat bridge of nose.

• Children. Flat bridge of nose root, scant eyebrows, swollen face, Flat 
feet.

• Inc in autism if mother hypothyroid during pregnancy

• Adults, Face: myxedema swollen lower eyelids, puffy cheeks, outer 
1/3 eyebrow, 

• Skin dry, rough skin, thighs, upper arms, back – vit A def, yellow

• Hands cold rough, cyanosed. Swollen in morning

• Nails brittle, paronychia split. Low Fe and low Thyr Fx



Examination

• Hair – thinning, dry, coarse, 
alopecia

• Skin – dry. esp legs, heels

• Nails brittle

• Eyebrows

• Eyelids

• Tongue

• Weight. BMI. Abdominal 
circumference

• Pulse slow or arrhythmic

• Heart sounds soft

• Abdomen – full colon

• Reflexes ankle relaxation phase 
longer then contraction



Investigations

• TSH  ideally <2

• T4 ideally upper quartile

• T3 ideally upper quartile

• Thyroid antibodies

• T3:rT3 ideally >20

• Target tissue markers: 
cholesterol, AKP, SHBG, GGT

• Adrenal Hormones

• B12, B6, Vitamin A

• Vitamin D

• Fe, I, Vit A, Se

• Heavy metals

• Therapeutic Trial



T3 and reverse T3

• The most active form of the hormone

• Made from T4 inside and outside the thyroid gland

• rT3 small amounts normally. Same molecule but mirror image of T3 
affords competitive inhibition



Too little T3 and/or too much rT3 occurs with:

• Deficiency of Minerals: zinc, selenium, manganese, iron, iodine.

• Deficiency of Vitamins: A, B2, B6, B12.

• Medication: Beta blockers, Oral Contraceptives, Lithium, Phenytoin, Theophylline, 
Chemotherapy.

• Fluoride, Lead, Mercury, Copper, Calcium excess 

• Smoking. Pesticides, Dioxins, PCBs, Radiation.

• Stress, aging, xs alcohol, surgery.

• Inadequate production of adrenal hormones

• Diabetes

• Over supplementation with Alpha lipoic acid.

• Excessive soy, walnuts, cruciferous vegetables.

• Low protein, fat or carbohydrate diet.



How to test for T3:rT3

• Kits available – can be sent to patient from the distributor (CL) at your 
request or request of patient.

• Blood to Australia $146 

• Test T3 as usual at same time

• Can test with initial investigations or wait to see if no joy with initial 
investigation or tx



To calculate the result

Eg

rT3 = 300

T3 = 4.5

4500/300 = 15

Too low



Adrenal Deficiency

• Not Addison’s Disease 

• Suboptimal Cortisol due to stress, nutrient deficiencies, low 
cholesterol, low thyroid fx.

• Cortisol important to make thyroid receptors

• Adrenal response to treatment when cortisol production is impaired 
favours the medulla.



Sx of AD

• Inflammation

• Low energy

• Fatigue

• Irritability

• Insomnia

• Dizziness esp when rising to stand

• Uncomfortable standing

• Water passes quickly



Testing for Adrenal Deficiency

• Fasting Cortisol

• DHEAS

• Aldosterone

• 24hr urine cortisol

• Saliva tests



Investigation of AD

• Signs of inflammation – dermatitis, conjunctiva

• BP sitting and standing

• Dark knuckles or creases

• Cold but sweaty palms



General Treatment

• Lifestyle. Rise with the sun. TSH 
goes up so T4 and T3 peak 3-4hrs 
later.

• Adequate sleep

• Moderate physical activity (XS 
consumes more TH)

• Water not caffeine.

• Stop smoking. Limit alcohol.

• Stress management

• Optimise diet – adequate calories

• Fruit increases T4 to T3

• Vegetables but cruciferous

• Adequate protein and fat

• Low dairy and soy

• Whole grains attach to thyroid 
hormones

• Avoid burnt foods (BBQ)

• Hormones concept of a trial of 
thyroid hormone

• Need to address adrenal deficiency



Nutrients

• Optimise Fe - Iron deficiency leads to low T3. 

Supplementation increase T4, T3, decreases rT3

• Selenium, Copper

• Vit A 

• Inisotol

• Iodine



Hormonal Management

• Clinically hypothyroid

• TSH high or suboptimal

• T4 low T3 low

• No antibodies, no obvious adrenal deficiency

• Can start with T4 treatment

• Advise re possibility of over treating or adrenal compromise

• Review 1-2 months with TSH, T4, T3

• Patient is improving and labs look good – job done?

• Review pathogenesis and potential for a return to health without 
medication



TSH, T4 optimal and T3 suboptimal

• Consider reasons and the potential to investigate

• Consider tx with T3 medication

• Whole thyroid extract contains T4 38ug, T3 9ug, T2, T1 

• T4 + T3 (Slow Release) Studies show WT better than T4+T3.(3-4:1)

Tarig A et al. South Med J 2018 Jun; 111 (6):363-9

Start slow and increase gradually. Follow up bloods in 1-2 months

• Patient improving and labs look good – review pathogenesis 

• Follow up in 1-3 months



T4 and T3 look optimal but patient is no 
better or worse

• Reverse T3  ratio abnormal

• Treat with T3 only  

• Need long acting medication bd or tds dosing

• Start low - 7.5-15ug bd- tds

• Review monthly until patient is stable with healthy resting pulse

• Aim for low TSH and low T4

• Avoid osteoporosis risk and tachycardia

• Address pathogenesis and enable no medication or medication 
containing T4



Tachycardia

• Palpitations, tachycardia within 1/2-3hrs of taking thyroid hormone = 
cortisol deficiency due to too quick conversion of T4 to T3

• Darker skin esp under eyes, in creases of fingers, wrists, knuckles, 
elbows. Pigmented spots 

• Irritable, poor stress handling, allergies, inflammatory conditions ( eg
dermatitis)



Osteoporosis

• Premenopausal not at risk

• Postmenopausal can supplement with bio-identical 
hormones

• Can monitor and treat

• Ideally keep TSH in the range



Conditions requiring a different dose

• Hot summer 30mg/day or 50ug/day btw winter and summer

• Children require 20-30%more cf wt ie 15mg WT or 25ug T4

• Heart patients need a lower dose – over sensitive. 


