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• Thyroid homeostasis critical to normal brain 

function and development (Clinical Society of

London - Report on Myxedema 1888)

• Essential for development & maturation of human 

brain

• TH deficits during fetal development and early 

childhood result in mental retardation (cretinism) 

Thyroid, Brain and Behavior Relationship (1)

Whybrow PC, Bauer M (2005) Behavioral and psychiatric aspects of hypothyroidism. In: 

Braverman LE, Utiger RD (eds.). The Thyroid. A Fundamental and Clinical Text (9th edition). 

Lippincott - Raven, Philadelphia, pp. 842-849



• 1891 Murray (England) – „like to treat like“: 

Successful treatment of myxoedema with

dessicated thyroid (sheep)

• 1936 Gjessing (Norwegen) – successful periodic

catatonia with extracts from desiccated thyroid

(sheep)

Thyroid, Brain and Behavior Relationship (2)

Whybrow PC, Bauer M (2005) Behavioral and psychiatric aspects of hypothyroidism. In: 

Braverman LE, Utiger RD (eds.). The Thyroid. A Fundamental and Clinical Text (9th edition). 

Lippincott - Raven, Philadelphia, pp. 842-849



Apathy

Anhedonia

Anergia

Constipation

Depressed mood

Disturbed sleep

Dysphoria

Fatigue

Weight gain

HYPOTHYROIDISM

Depression

Cognitive Impairment

Lack of concentration

Lack of performing routine tasks 

Memory deficits

Psychomotor slowing

Dementia

Psychosis

Bizarre Behavior

Delusions

Hallucinations

Whybrow PC, Bauer M (2005) Behavioral and psychiatric aspects of hypothyroidism. In: 

Braverman LE, Utiger RD (eds.). The Thyroid. A Fundamental and Clinical Text (9th edition). 

Lippincott - Raven, Philadelphia, pp. 842-849



• General behavioral: weakness, fatigue, 

lethargy, lack of energy (90-100%)

• Mood: major depression, psychotic 

melancholia (50%)

• Cognitive: cognitive slowing, memory deficits, 

dementia (40%)

• Others: anxiety, insomina

Hypothyroidism -

Common Neuropsychiatric Symptoms



Neuronal Correlates of Hypothyroidism
Functional Neuroimaging with 

Positron-Emission-Tomography (PET) &
[18]Fluorodeoxyglucose (FDG)

Bauer, Silverman, Whybrow et al. (2009) J Clin Endocrin & Metab

?



FDG-PET Studies in Hypothyroidism: 
Lower relative activity in hypothyroid patients vs. controls

(P<0.01 uncorrected, slices displayed at MNI-coordinates

x=-8 y=-32 z=-22).

ACC: anterior 

cingulate cortex

PCC: posterior 

cingulate cortex

Bauer et al (2009) J Clin Endocrin & Metab



Normalization after treatment -

no significant differences between hypothyroid 

patients and healthy controls

(P<0.01 uncorrected, slices displayed at MNI-coordinates

x=-8 y=-32 z=-22).
Bauer et al (2009) J Clin Endocrin & Metab



• Low thyroid function: association with 

depression

• Reversible thyroid condition with thyroid 

hormone therapy

• Depression typically also relieves 

The thyroid system and mood disorders: 

Heuristic model in biological psychiatry



ACCELERATION - Speed response

• T3 (25-50 mcg) in unipolar depression (UP)

AUGMENTATION - Convert nonresponder

• T3 (25-50 mcg) in treatment-resistant UP

• Suprahysiological doses of T4 (300-500 mcg) in 

treatment- resistant depression

MAINTENANCE - Prophylaxis, prevent episodes

• Suprahysiological doses of T4 (300-500 mcg) 

• Rapid cycling & refractory bipolar disorder 

Overview: Use of Thyroid Hormone for 

Treatment of Mood Disorders

Bauer M, Whybrow PC (2002) Thyroid Hormone, Brain and Behavior. In: Pfaff DW et al. 

(eds.) Hormones, Brain and Behavior. Academic Press, San Diego, pp. 239-264



• Studies using supraphysiological doses of 

L-thyroxine aim at elevating thyroid 

hormone levels 

• Modification of the behavioral expression 

of mood disorder by a change in thyroid 

status

Thyroid Hormone in Mood Disorders

Bauer MS & Whybrow 1990, Bauer M et al. 2002, Bauer M et al. 2005
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Improvement of Depression in Female Bipolar 

Disorder (N=10) with L-T4 Treatment

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 6 7

Weeks of T4 Treatment

H
A

M
D

-2
1
 /

 B
D

I

6.0***

BDI (self-rating)

11.6***

HAMD21

33.4

23.2

***p<0.001

Bauer et al. (2005) Mol Psychiatry



z = -42 mm

Cerebellar

Vermis
Hippocampus

z = -8 mm

t-values

Control

> Bipolar

3

1

2

4

0
Bipolar > 

Control

5

3

2

4

6

7

1

y = -44 mm

Middle Frontal Gyri

y = -2 mm

Amygdala

Ventral

Striatum

X = -18 mm

Thalamus

FDG-PET in Women (n=10) with bipolar depression:

higher regional activity in subcortical-limbic areas – lower 

activity in middle frontal gyri

Bauer et al. (2005) Mol Psychiatry



Hippocampus

z = -2 mm

Dorsal Striatum

z = -16 mm

Amygdala

Ventral

Striatum

z = -12 mm

x =  -16 mm

Thalamus

Cerebellar

Vermis
z = -40 mm

Scan 1 >

Scan 2

t-values

5

3

2

4

1

0

Bipolar Subjects

FDG-PET in Bipolar Depression:

Deactivation in subcortical-limbic areas during 

treatment with levothyroxine

Bauer et al. (2005) Mol Psychiatry



Multicenter, Randomized, Double-Blind,  Placebo-Controlled 

Study of Levothyroxine (L-T4 - 300 mcg) as Add-on Treatment 

in Bipolar Depression – Study Design

1st FDG-PET 2nd FDG-PET

The Stanley Medical Research Institute, trial grant # 02T-238 



Adjunctive levothyroxine in bipolar depression: a 

randomised, double-blind, placebo-controlled study 

*p<0.05 vs placebo (ITT; LOCF) 

Adjunctive levothyroxine (300 µg/day) or placebo in patients with bipolar I or II disorder

HAM-D, Hamilton rating scale for depression
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Brain areas where activity changed with L-T4 treatment

Bauer et al (2016) Molecular Psychiatry



Adjunctive thyroid hormone treatment in rapid 

cycling bipolar disorder: a randomized, double-

blind, placebo-controlled trial of levothyroxine (T4) 

and triiodothyronine (T3)

Bipolar Disorders, 2018
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Adjunctive thyroid hormone treatment in 

rapid cycling bipolar disorder:

Creating mood-state sequences

Walshaw et al. 2018



Adjunctive thyroid hormone treatment in 

rapid cycling bipolar disorder:

Four-state mood plot by patient for 3 treatments

Walshaw et al. 2018



Adjunctive thyroid hormone treatment in 

rapid cycling bipolar disorder

Walshaw et al. 2018



• Disturbances of thyroid system function may 

complicate diagnosis & treatment of mood disorder

• Hypothyroidism: brain is a target organ of thyroid

hormones & heuristic model for depression

• Treatment with (supra 300 mcg) levothyroxine is a

treatment option for women (better than for men) in

bipolar disorder/depression

• Supraphysiologic thyroid hormone improves 

depressive symptoms in patients with bipolar 

disorder by modulating function in components of 

the anterior limbic network

Conclusions



Thank your for your attention

Dresden





Thyroid – Brain

Molecular and 

neurotransmitter interactions



Identification of 

• Significant amounts of T4 and T3 in various 

brain regions 

• Nuclear T3 receptors (1, 2, 1, 2)

• Region-specific expression of deiodinase 

isoenzymes (type II) in brain and pituitary

• Identification and molecular analysis of thyroid-

responsive genes in brain                           

(e.g., neurotrophic factors, BDNF,  NGF, 

RC3/neurogranin, CRH) 

Adult Mammalian Brain:                             

Site of TH Action



54

Compensating central hypothyroidism could explain antidepressive efficacy of
high-dose T4 treatment

Trans-
Thyretin

+
T4

adapted from Visser     
et al., 2007

Hypotheses of action

“central hypothyroidism”





5-HT  Synthesis and Release 

5-HT2A Receptor Density 

5-HT  Turnover Rate 

5-HT1A Autoreceptor Activity  

Brainstem/Raphe Area

Fig. 1a

The Brain Serotonin System in Experimentally-Induced 

Hypothyroidism

Cortex

Bauer M, Heinz A, Whybrow PC (2002) Mol Psychiatry 



Cortex

• 5-HT  Synthesis and 

Release 

• 5-HT2 Sensitivity 

Hippocampus

5-HT  Synthesis 

and Release 

5-HT1A Autoreceptor Sensitivity 

Brainstem/Raphe Area

Effects of Thyroid Hormone on the Brain Serotonin System

Bauer M, Heinz A, Whybrow PC (2002) Mol Psychiatry 7:140-156



• Disturbances of thyroid system function may 

complicate diagnosis & treatment of mood disorder

• Hypothyroidism: brain is a target organ of thyroid

hormones & heuristic model for depression

• Treatment with (supra 300 mcg) levothyroxine is a

treatment option for women (better than for men) in

bipolar disorder/depression

• Supraphysiologic thyroid hormone improves 

depressive symptoms in patients with bipolar 

disorder by modulating function in components of 

the anterior limbic network

Conclusions
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When lithium comes into place

Hypothesis on the lithium – thyroid

interaction



Lithium inhibits peripheral

thyroid physiology

Active Iodine 

uptake

Blockade 
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Prevalence of hypothyroidism in 

lithium-treated patients

• Wide range in literature 3-40%

• Largest study N=4681, 3.4 % hypothyroid

• Other studies up to 40% 

• Women at greater risk

• Age another risk factor

Lazarus et al. (2006) in: Lithium in Neuropsychiatry



• Long debate on the relationship between rapid 

cycling bipolar disorder (RC-BD) and thyroid 

hypofunction 

• Unmedicated Patients with RC-BD (N=20) 

• Age-gender matched healthy controls  

• 4 weeks challenge with lithium (0.7-1.2 mEq/L)   

• Thyroid function tests (TRH stimulation test) 

before and after lithium treatment 

Thyroid Function in Rapid Cycling Bipolar 

Disorder After Lithium Challenge

Gyulai, Bauer, Whybrow et al. (2003) Biol Psychiatry



TRH Test: TSH Before and After Lithium Challenge in 

Rapid Cycling Bipolar Disorder and Healthy Controls: 

Unmasking Latent Hypothyrodism  

0

5

10

15

20

25

30

35

40

Pre-Lithium

Post-Lithium

TSH

(µU/mL)

RC-BD Patients (N=20) Controls (N=20)

Treatment x Diagnosis  P=0.023

P<0.001 P<0.001

Gyulai, Bauer, Whybrow et al. (2003) Biol Psychiatry



• Exaggerted TSH response in TRH test: 

association of Rapid Cycling Bipolar Disorder 

with latent hypofunction of the thyroid system

• Dysfunction becomes manifest (“unmasking”) 

with short-term lithium challenge to the thyroid 

system

• If a latent “central” hypothyroid state exists in 

RC-BD, increasing the availability of thyroid 

hormone to the brain may be therapeutic

Lithium Challenge Study - Conclusion

Gyulai, Bauer, Whybrow et al. (2003) Biol Psychiatry



• Advise to careful monitoring of women with mood

disorders (aged > 40 years!) for thyroid

abnormalities and changes of thyroid function

• Especially relevant during lithium treatment

because lithium may impair vital thyroid metabolic

pathways due to its “anti-thyroid” activity

• Treatment with (high dose 300 mcg) L-thyroxine

may be a better treatment option for women than

for men in bipolar disorder/depression

Conclusions (2)



Summary Lithium & Thyroid

• Anti-thyroid effects of lithium are common & 
may negatively influence the mood stabilizing
effects of lithium

• Goal to increase thyroid hormone levels in 
lithium-treated patients

• Lithium non-responders do benefit from
thyroid hormone (levothyroxine) treatment in 
longer-term therapy



Imaging 

and genetic 

technology

Thyroid Hormone 

T3, T4

Mood Disorders

Lithium

Thyroid & Brain Interactions





Bauer et al. (2010) Psychiatry Research: Neuroimaging
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TRH 



• TRH, thyrotropin-releasing hormone, 1st hypothalamic hormone 

• Tripeptid, produced in paraventricular nucleus

• central regulator of HP-thyroid axis: stimulates synthesis & release of 

pituitary TSH – peripheral thyroid hormone synth & release 

• Pharmacological studies with TRH and analogues: array of actions

• Promote homeostasis

• Modification of autonomic nervous function

• Food intake

• Cognition, locomotion and activation of arousal

• Mood: antidepressant and anxiolytic effects

•

TRH and TRH-Receptor System in Brain: 

Link to Behavior and Mood

Rabeler et al. (2004) Mol Endocrinol; Zeng et al. (2007) Mol Endocrinol; 

Sun et al. (2009) Neuropsychopharm



Overview of documented TRH and immune system 

interactions

J.  Kamath , G.G.  Yarbrough , A.J.  Prange Jr. , A.  Winokur

The thyrotropin-releasing hormone (TRH)?immune system homeostatic hypothesis

Pharmacology &amp; Therapeutics Volume 121, Issue 1 2009 20 - 28



• TRH receptor type 1 (TRH-R1) and type 2 (TRH-

R2): G-protein coupled receptors

• TRH R1/R2 like TRH also expressed extra-

hypothalamically in various brain regions (incl. 

limbic regions and cortex) although highly 

expressed differentially

• TRH-R2 has not been identified in humans 

TRH and TRH-Receptor System in Brain: 

Link to Behavior and Mood

Rabeler et al. (2004) Mol Endocrinol; Zeng et al. (2007) Mol Endocrinol; Sun et al. (2009) Neuropsychopharm







• TRH KO: 

• Results in central and peripheral 

hypothyroidism 

• Normal development

• no behavioral characterization

• TRH receptor type 1 (TRH-R1) KO

• TRH receptor type 2 (TRH-R2) KO

Overview of knock-out mice in prepro-TRH and 

TRH-R1/R2 genes

Rabeler et al. (2004) Mol Endocrinol; Zeng et al. (2007) Mol Endocrinol; Sun et al. (2009) Neuropsychopharm



TRH-R1 KO Mice
Schematic diagram of the retroviral vector insertion in the TRH-R1 gene. 

Zeng H et al. Molecular Endocrinology 2007;21:2795-2804

©2007 by Endocrine Society



TRH-R1 KO Mice Have Hypothyroidism but Normal Body Size and 

Food Intake A, TRH-R1 KO mice have decreased plasma T4 level (left panel) *, P < 0.05; **, P < 
0.01. 

Zeng H et al. Molecular Endocrinology 2007;21:2795-2804

©2007 by Endocrine Society



TRH-R1 KO Mice Exhibit Increased Anxiety in the 
Elevated Plus Maze Test

Left panel, Total number of entries into both open and closed arms; middle panel, percentage 
of entries into the open arms compared with total number of arm entries; right panel, the ti...

Zeng H et al. Molecular Endocrinology 2007;21:2795-2804



TRH-R1 KO Mice Exhibit Increased Immobility in 
Depression Tests (Tail suspension test) 

Zeng H et al. Molecular Endocrinology 2007;21:2795-2804



TRH-receptor type 2 deficient mice are euthyroid and 
exhibit increased depression phenotypes

Sun et al. 2009, Neuropsychopharmacology



Sun et al. (2009) Neuropsychopharmacol

TRH-R2 KO mice are euthyroid: basal and TRH-
stimulated serum TSH levels in mice



Sun et al. (2009) Neuropsychopharmacol

TRH-R2 KO mice: tail suspension (TST) and forced swing 
tests (FST) different from WT only in female animals



TRH and immune system interactions in health and 

disease

J.  Kamath , G.G.  Yarbrough , A.J.  Prange Jr. , A.  Winokur

The thyrotropin-releasing hormone (TRH)?immune system homeostatic hypothesis

Pharmacology &amp; Therapeutics Volume 121, Issue 1 2009 20 - 28



Summary

Thyroid Disorders and Lithium Treatment

• Are the commonest endocrine side effect of 

lithium therapy

• Hypothyroidism, goitre most often, 

hyperthyroidism (autoimmune mechanism?)

• Are not contraindication for lithium tx

• Should be monitored by blood test (TSH) and 

ultrasonography (baseline !)

• Should be consequently treated, particularly 

hypothyroid states, because they may worsen 

the clinical course of the mood disorder 


