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free T3, and even subtle changes often lead to substantial 
changes in TSH levels, making TSH a particularly useful 
screening test for hypothalamic-pituitary-thyroid (HPT) 
axis function (2).

T3 acts in the cell nucleus, stimulating gene expression 
and energy metabolism in cells in every organ and po-
tentially enhancing neurogenesis in the CNS (2). T3, both 
alone and in combination with fluoxetine, modulates gene 
transcription, with changes in mRNA coding for the 5-HT1A 
and 5-HT1B receptors (3). In the CNS, T4 conversion to T3 
occurs intracellularly, which may be why T3 administration 
seems to have particular benefit in the treatment of affec-
tive disorders (4). The enzymes responsible for the conver-
sion of T4 to T3 are also different in the CNS, perhaps ex-
plaining individual responses to T3 supplementation and 
the variability of symptoms in subclinical hypothyroidism. 
Cooper-Kazaz et al. (5) have demonstrated that genetic 
polymorphisms in the type 1 deiodinase (DIO1) gene, 
which assists in the conversion of T4 to T3, might help de-
termine which patients will respond to T3 augmentation.

It is also possible that T3 acts directly as a neurotrans-
mitter or that it directly influences neurotransmission 
through monoamines (3). Actions at noradrenergic, se-
rotonergic, and beta-adrenergic neurons have all been 
demonstrated, largely through studies of hypo- and hy-
perthyroid states. Rodent studies have demonstrated se-
rotonergic effects of T3 and T4, supporting the idea that 
serotonergic transmission is enhanced by normal thyroid 
functioning, potentially through desensitization of the 
5-HT1A autoreceptor (6). T3 was initially thought to be ac-
tive solely within the noradrenergic projection pathway, 
and it may serve as a co-transmitter with norepinephrine 
in the limbic system, but it has also been demonstrated in 
high concentrations in the serotonergic raphe nuclei and 
their projections (7).

Ev idence  Base  fo r Thy ro id  
A ugm en ta tion

T3  in  Con junc tio n  W ith  Tric yc lic  A n tid ep re ssan ts

Augmentation of antidepressants with T3 is one of the 
oldest evidence-based treatments for major depressive 
disorder. In 1969, Prange et al. conducted a pivotal study 
(8) demonstrating that administration of liothyronine en-
hanced response to tricyclic antidepressants in patients 
with treatment-resistant depression. Thyroid function 
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Many cases of major depression are difficult to 
treat, and effective options are an urgent priority. Triio-
dothyronine (T3) has been used to augment or accelerate 
treatment of major depression, and while there is good 
evidence for its efficacy in the short term, there is a lim-
ited evidence base to guide long-term adjunctive use. In a 
collaborative case from the endocrinology and psychiatry 
perspectives, we review the evidence for the safety of this 
intervention. A case presentation from our clinical prac-
tice is used to illustrate issues of efficacy, adherence, and 
use in the setting of medical comorbidity, and suggested 
guidelines are presented for monitoring the safety of T3 

when used as longer-term augmentation.

M echan ism  o f A c tion  o f  T 3  
A ugm en ta tion

Abnormalities of thyroid regulation have been detect-
ed in many patients with depressive syndromes. Patients 
with major depression appear to have a higher incidence 
of subclinical thyroid abnormalities (1), and it is clear 
that diseases of the thyroid can have a profound effect on 
mood.

Thyroid hormone is important for protein synthesis and 
metabolism for virtually every organ, including the brain. 
The release of thyroid-stimulating hormone (TSH) from 
the anterior pituitary is regulated by thyroid-releasing hor-
mone (TRH) from the hypothalamus. TSH in turn prompts 
the release of mainly levothyroxine (T4), and to a lesser ex-
tent T3, from the thyroid gland; T4 is considered a “prohor-
mone” with very little intrinsic activity and is transformed 
in the peripheral tissues into T3, the biologically active 
form of thyroid hormone. Through negative feedback, pi-
tuitary TSH levels are regulated by the serum free T4 and 
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“M r. Y ” is a  37 -year-o ld  m an  w ith  a  h isto ry  o f severe  
m ajo r depressive  d iso rder w ho  w as b rought to  our com -
m unity  m enta l health  c lin ic  by  h is hom eless ou treach  
w orker. H is ch ie f com pla in t w as that he  su ffe red  w ith  an  
“overw he lm ing low  m ood” a long  w ith  poo r sleep, poo r 
energy, anhedon ia , poo r concentra tion , hypersom nia , 
and  lack o f m otivation  fo r basic  day -to -day  function ing . 
He  had  no  h isto ry  o f b ipo lar sym ptom s. The  curren t ep i-
sode  w as chron ic  in  duration , now  hav ing  lasted  a t least 
3  years, during  w h ich  tim e  M r. Y  lo st h is job  and  becam e 
hom eless.

The  patien t’s anerg ic  sym ptom s w ere  com pounded  
by  m orb id  obesity  and  gout, m aking  it d ifficu lt and  
pain fu l fo r h im  to  m ove  around . He  a lso  had  type  2  d ia -
be tes, poo rly  con tro lled  hypertension , recurren t neph -
ro lith iasis , and  chron ic  sinusitis. M r. Y  m et d iagnostic  
crite ria  fo r m ajo r depressive  d iso rder, and  he  repo rted  
no  im provem ent in  depressive  sym ptom s on  h is in take  
re g im en  o f 40  m g o f e scita lopram  and  100  m g o f trazo -
done . O n  physica l exam ination , h is b lood  p ressure  w as 
180 /110  m m  Hg; heart ra te , 83  bpm ; he igh t, 6  fee t 2  
inches; and  w e ight, m ore  than  350  lb s, the  m axim um  
o f the  c lin ic  sca le , rep resen ting  a  body  m ass index o f a t 
least 45 . H is b lood  p ressure  re su lts w ere  com m unicated  
to  h is in te rn ist a t a  com m unity  free  c lin ic , w ho  repo rted  
that M r. Y  consisten tly  had  sim ilar b lood  p ressure  leve ls 
a t c lin ic  v isits and  that the  patien t’s adherence  to  p re -
scribed  treatm ents w as uncerta in .

P sych ia tric  and  Fam ily  H isto ry
M r. Y  repo rted  a  ch ildhood  onse t o f depressive  sym p -

tom s, but h is first d isab ling  ep isode  w as in  h is fre sh -
m an  year o f co lle ge . “I rem em ber stay ing  in  m y room  
fo r a  year, and  I d id  a lm ost no th ing .” A  year be fo re  he  
p resen ted  a t our c lin ic , M r. Y ’s she lte r pe titioned  fo r an  
invo luntary  com m itm ent fo r su ic ida l ideation , and  he  
w as adm itted  fo r a  b rie f acu te  ho sp ita liza tion . A t that 
tim e , e scita lop ram  and  trazodone  w ere  started , and  
they  w ere  con tinued  by  h is p rim ary  care  docto r a fte r 
h is d ischarge .

M r. Y ’s fam ily  h isto ry  w as strong ly  po sitive  fo r depres-
sion , inc lud ing  in  h is m other, m aternal g randm other, 
m aternal unc le , and  siste r.

Trea tm en t Cou rse
A fter in itia l assessm ent, M r. Y  dec lined  therapy, but 

frequent m eetings w ith  the  psych iatrist and  outreach  
worker w ere  scheduled  to  encourage  behavio ral activa -
tion . Trazodone  w as d iscontinued , as the  patient report-
ed  sleep ing m ost o f the  day. No  benefit w as ob tained  
afte r buprop ion  w as added  to  the  escita lopram  at up  to  
375  m g/day, so  bo th  antidepressants w ere  cro ss-titra ted  
to  ven lafaxine  m onotherapy. Ven lafaxine  w as titra ted  in  
increm ents o f 75  m g/day  over 12  w eeks to  a  dosage  o f 
300  m g/day, w hich  produced  partia l benefit fo r the  pa -
tien t’s anergic  sym ptom s. A fte r 4  w eeks at 300  m g/day  

w ith  response  but no t rem ission , ven lafaxine  w as further 
titra ted  to  450  m g, and  the  patient’s b lood  pressure  w as 
m onito red  every  90  days. H is b lood  pressure  rem ained  
e levated  as a t base line  w ithout sign ificant change .

In  the  se tting  o f re sidual sym ptom s o f anhedon ia  and  
anerg ia , T3  supp lem entation  (u sing  lio thyron ine  sod i-
um , w h ich  is l-triiodo thyron ine , a  syn the tic  T3 ) a t 25  μg/
day  w as cho sen  as an  augm entation  stra te gy  w ith  the  
goal o f rem ission . Thyro id -stim ulating  ho rm one  (TSH ) a t 
base line  w as w ith in  no rm al lim its. T 3  supp lem entation  
w as increased  to  50  μg/day  a fte r 4  w eeks w ith  a  ve ry  
good  c lin ica l re sponse . M r. Y  repo rted  engaging  in  m ore  
activ ity, fee ling  m ore  ab le  to  ge t ou t o f bed , spend ing  
tim e  w ith  h is fam ily, and  a ttem pting  daily  activ itie s. G iv -
en  M r. Y ’s im prov ing  re sponse , inc lud ing  im provem ents 
in  energy, anhedon ia , and  m ood , T3  w as con tinued  a t 
50  μg/day.

A fte r 18  m onths o f treatm ent, M r. Y ’s b lood  p res-
sure  w as m easured  during  routine  90 -day  m on ito ring  
a t 200 /120  m m  Hg , h is heart ra te  a t 120  bpm , and  h is 
(non fasting ) b lood  g luco se  leve l a t 196  m g/d l. He  report-
ed  hav ing  m issed  h is m ed ications that m orn ing , w h ich  
inc luded  a  be ta-b locker, an  angio tensin -converting  en -
zym e inh ib ito r, and  m etfo rm in , a long  w ith  ven lafaxine  
and  T3. O n  asse ssm ent in  the  em ergency  departm ent, an  
ECG  w as no rm al excep t fo r sinus tachycard ia  (108  bpm ). 
A fte r M r. Y ’s u sual do ses o f h is m issed  m ed ications w ere  
adm in iste red , h is b lood  p ressure  decreased  to  193 /94  
m m  Hg and  h is heart ra te  to  92  bpm , and  h is b lood  
g luco se  leve l w as 147  m g/d l. Thyro id  function  te sting  
show ed  low  leve ls o f TSH  (0 .13  μ IU /m l; range=0 .35–5 .50 ) 
and  free  T4  (0 .7  ng/d l; range=0 .9–1 .8 ) and  a  no rm al to -
ta l T3  leve l (1 .32  ng/m l; range=0 .60–1 .81 ).

A fte r M r. Y  acknow ledged  in te rm itten t nonadherence  
to  h is m ed ication  re g im en , da ily  observed  adm in istra -
tion  logs w ere  requested  from  h is she lte r re sidence . 
The  risks and  benefits o f con tinued  treatm ent w ere  d is-
cussed  w ith  the  patien t, and  expecta tions fo r adherence  
to  treatm ent w ere  outlined . Sw itch ing  h is augm entation  
agent and  an tidepressan t w as considered , bu t h is d iabe -
te s and  severe  obesity  m ade  use  o f any  second -gener-
a tion  an tip sycho tic  an  unattractive  op tion , and  the  po -
ten tia l fo r in te rm itten t adherence  m ade  use  o f lith ium  
seem  com parative ly  dangerous. M r. Y ’s re sponse  to  T3, 
even  w ithout fu ll adherence , m ade  continuation  seem  
like ly  to  be  o f benefit. In  genera l, nonadherence  is no t 
a typ ica l fo r m any  patien ts in  th is c lin ic , and  our first-line  
approach  is to  m ain ta in  a  patien t’s existing  treatm ent 
w h ile  addressing  facto rs re la ted  to  adherence .

M r. Y ’s T3  do sage  w as low ered  to  25  μg/day, and  h is 
m ed ication  adherence  im proved , w ith  im proved  b lood  
p ressure  con tro l desp ite  h is h igh  dosage  o f ven lafaxine . 
Fo llow -up  thyro id  function  te sting  a fte r 90  days show ed  
no rm al re su lts (TSH  leve l, 0 .72  μ IU /m l; to ta l T 3  leve l, 
1 .16  ng/m l; free  T4  leve l, 1 .0  ng/d l), and  h is c lin ica l re -
sponse  w as exce llen t.

A  3 7 -year-o ld  m an  w ith  ch ron ic  se ve re  m ajo r d ep re ssion , poo r re spon se  to  an tid ep re ssan ts , and  phy sica l hea lth  
p rob lem s, in c lud ing  m o rb id  obe sity, h igh  b lood  p re ssu re , and  d iabe te s , is  tre a ted  w ith  T 3  augm en ta tion  o f  an  
an tid ep re ssan t.
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placebo and active T3 groups or between responders and 
nonresponders to T3.

Thase et al. (14) found no association between results of 
thyroid function tests or TRH stimulation testing at base-
line and outcome in a subset of patients treated with T3. 
Joffe and Singer (4) evaluated T3 versus T4 in a randomized 
trial and found significant changes after 3 weeks in T3, T4, 
free T4, TSH, and T3 resin uptake in both groups, but these 
changes were not positive predictors of response; the main 
finding was that T3 was more effective than T4 as an aug-
menter. A 2-week augmentation study of lithium and T3 
(15) found in 1993 that the two were equally effective and 
outperformed placebo, with baseline TSH documented as 
being within normal range.

T3  in  Con junc tio n  W ith  SSR Is

Recently a number of studies have examined the aug-
mentation of selective serotonin reuptake inhibitors  
(SSRIs) with thyroid hormone, but the data are more lim-
ited than with tricyclics. A review by Cooper-Kazaz and 
Lerer (18) found that not enough data were available yet 

for a meta-analysis but that a posi-
tive trend was revealed when the 
available double- and single-blind 
studies were analyzed. Papakos-
tas et al. (19) reported a negative 
meta-analysis using strict inclusion 
criteria and finding only three ad-
equate double-blind, randomized, 
placebo-controlled studies. The Se-
quenced Treatment Alternatives to 
Relieve Depression (STAR*D) study 
(20) evaluated SSRI augmentation 
using either lithium or T3 and found 
no statistical difference in efficacy 

between the treatments, but T3 had superior tolerability 
and adherence. All of these studies were short term, with 
the longest (STAR*D) lasting 12 weeks.

Two studies of T3 in combination with SSRIs included 
baseline and follow-up thyroid testing. In the first, Cooper-
Kazaz et al. (21) compared sertraline (50–100 mg) combined 
with either T3 (25–35 μg) or placebo in an 8-week study and 
found that the sertraline-T3 combination produced superi-
or response and remission rates. After 8 weeks of T3 supple-
mentation, the mean TSH level fell significantly from 1.70 
μIU/ml at baseline to 0.28 μIU/ml in responders, whereas 
nonresponders had mean pre- and posttreatment levels of 
1.88 μIU/ml and 0.76 μIU/ml, respectively; responsiveness 
to treatment was significantly correlated (p=0.01) with the 
change in TSH level, suggesting that the therapeutic benefit 
could have been due to changes in the thyroid axis in this 
population. In a post hoc analysis, baseline T3 levels in pa-
tients who responded to T3 augmentation were significantly 
lower than in those who did not respond (107.60 ng/dl com-
pared with 137.4 ng/dl, p=0.002). There was also a small but 
significant decline in TSH levels in the placebo group.

was monitored, but methods available at that time were 
not sensitive or specific. Based on ankle jerk reflexes and 
protein-bound iodine assays, patients in the study ap-
peared to have elevated thyroid function after treatment. 
Many subsequent studies have confirmed the Prange et al. 
study’s finding of efficacy, but few have formally assessed 
the HPT axis during treatment.

The majority of the evidence base for use of T3 is for its 
coadministration with tricyclics. Two meta-analyses of T3 
coadministration with tricyclics have been published, one 
reviewing acceleration trials (9) and the other augmenta-
tion trials (10). Acceleration is defined as the use of T3 at 
commencement of antidepressant treatment to enhance 
and hasten response. Augmentation is the administration 
of T3 in patients who are unresponsive or partially respon-
sive to an adequate course of antidepressant treatment 
initiated previously.

A cce le ra tio n  o f an tid ep re ssan t re sp on se  w ith  T 3 . A meta-
analysis by Altshuler et al. (9) of six double-blind, place-
bo-controlled studies (125 patients total) of T3 accelera-
tion of tricyclics was positive. By definition, these were 
short-term studies of 2 to 3 weeks, 
and none discussed the option of 
continuing T3 once antidepressant 
response was achieved. In addi-
tion, many were conducted before 
the advent of more sensitive assays 
of thyroid functioning in the late 
1980s. Three of these acceleration 
studies (11–13) obtained initial lab 
values of protein-bound iodine and 
looked at ankle jerk reflexes and 
serum T4 binding, but none per-
formed follow-up testing. No differ-
ences in baseline thyroid tests were 
found between patients who responded to T3 and those 
who did not, but some authors speculated that there may 
have been subtle thyroid dysfunction in the responders 
that was undetectable by the assays. In addition, a signifi-
cant gender effect was observed, with women responding 
more robustly than men. While women generally have 
been found to have higher rates of both comorbid depres-
sive syndromes and thyroid disease, a consistent associa-
tion has not been replicated.

A ugm en ta tio n  o f an tid ep re ssan t re sp on se  w ith  T 3 . Ar-
onson et al. (10) conducted a positive meta-analysis of T3 
augmentation of tricyclics, finding eight controlled clini-
cal studies with 292 patients. The studies were up to 12 
weeks long, and several performed baseline and follow-up 
modern thyroid assays (4, 14–16). One positive study in 
1977 conducted initial thyroid screening and addition-
ally tested the CSF monoamine metabolites 5-hydroxyin-
doleacetic acid and homovanillic acid, hypothesizing that 
the mechanism of treatment with T3 was an increase of 
available monoamines (17). However, the study found no 
differences in CSF monoamine metabolites between the 

“There is good evidence 
to suggest that T3 

administration is helpful 
in the treatment of 

depressive states, but only 
limited data are available 

on long-term safety.”
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eral patients having up to 5 years of treatment), but they 
noted a nonsignificantly greater decline in bone density 
in postmenopausal women. Prior to follow-up scanning 
for bone density, the mean TSH level on high dosages of 
T4 (300–500 μg/day) was normal at 0.4 μIU/ml. Similarly, 
Kelly and Lieberman (24) administered up to 150 μg of T3 
daily to 14 patients for an average duration of 24 months, 
and no cardiac or skeletal sequelae were detected.

Sa fe ty : The  Pe rspe c tive  From  
Endo crino lo g y

There is no consensus in endocrinology on use of thy-
roid hormone for the treatment of depression in euthyroid 
patients. When treating patients with hypothyroidism, 
endocrinology guidelines generally recommend using T4 
monotherapy (25). Multiple studies, including a meta-
analysis, have evaluated the difference between T4 mono-
therapy and T3/T4 combination therapy for the treatment 
of hypothyroidism. Overall no meaningful statistical differ-
ences have been found between the two regimens (26–31). 
Nevertheless, some studies have reported patient prefer-
ence for combination therapy that was not explained by 
symptom outcomes, neurocognitive changes, or quality-
of-life assessments (27). In one study (28), 44% of the pa-
tients reporting a preference for combination therapy had 
a suppressed TSH level, suggesting overreplacement of 
thyroid hormone. A study from Denmark (32) evaluated T4 
monotherapy compared with combination T3/T4 therapy 
while maintaining equivalent TSH values. Quality-of-life 
scores and depression and anxiety rating scores were sig-
nificantly better in seven of 11 categories with combined 
therapy compared with monotherapy, and 49% of patients 
preferred combination T4/T3 therapy, compared with 15% 
who preferred T4 monotherapy.

In euthyroid patients, high T3 dosages carry a higher risk 
of induction of hyperthyroidism. In this respect, preexist-
ing hypertension, tachycardia, and hyperglycemia could 
all potentially be worsened by hyperthyroidism (33). Sub-
clinical hyperthyroidism has also been associated with 
long-term side effects, including reduced bone mineral 
density and an increased risk of osteoporosis, especially 
in postmenopausal women (34, 35), and an increased risk 
of atrial arrhythmias (36). Thus, when thyroid hormones 
are used in treating depression, clinicians should closely 
monitor patients for biochemical or clinical evidence of 
hyperthyroidism.

Ideally, patients who are started on T3 augmentation for 
a psychiatric disorder should be monitored in the same 
manner as patients with hypothyroidism. TSH, free T4, 
and free T3 levels should be measured regularly, as well 
as whenever there is a report of increased anxiety, tremor, 
palpitations, insomnia, or other symptoms suggestive of 
hyperthyroidism. Patients should also be monitored for 
other conditions that could be exacerbated by T3 sup-
plementation, including hypertension, tachycardia, os-

A combination study by Appelhof et al. (22) in which 
124 patients were randomly assigned to receive parox-
etine combined with 25 μg of T3, 50 μg of T3, or placebo 
showed a statistically significant dose-dependent increase 
of T3 levels along with lowered T4 (the final T4 levels after 
8 weeks of treatment were 0.9 pmol/liter in the placebo 
group, 0.6 pmol/liter in the 25-μg T3 group, and 0.4 pmol/
liter in the 50-μg T3 group). Significant changes in thyroid 
function on testing were associated with significant side 
effects in nine of 28 patients in the 50-μg group, including 
sweating, tremor, nervousness, and palpitations, but there 
were no significant differences between the 25-μg T3 and 
placebo groups. It is possible that noradrenergic effects of 
paroxetine due to norepinephrine transporter blockade 
exacerbated somatic symptoms that were consistent with 
a hyperthyroid state. Efficacy outcome was negative, with 
no differences between placebo and the two T3 groups.

While T3 compared well with lithium in STAR*D (20), 
and results with T3 as an augmentation or combination 
strategy are encouraging, more controlled trials are need-
ed to fully determine the efficacy of T3 in combination 
with SSRIs.

Sa fe ty  in  Longe r-Te rm  S tud ie s

In a study of pre- and postmenopausal women on high-
dosage T4 (not T3) for bipolar disorder or major depressive 
disorder, Gyulai et al. (23) found no significant differences 
in bone density after at least 1 year of treatment (with sev-

FIGURE  1 . R e com m ended  Sa fe ty  G u ide line s fo r T 3  A ug -
m en ta tion  o f  A n tid ep re ssan t M ed ica tion

1.	Obtain baseline TSH, free T4, and free T3 levels prior to aug-
mentation.

2.	Recheck thyroid indices at 3 months and then every 6 
months, or at minimum annually. The goal is for the TSH 
level to be at least at the lower limit of the normal range 
(around 0.4 μIU/ml) or below in the absence of hyperthy-
roid symptoms. Free T3 level can be maintained at the up-
per limit of the normal range based on the severity of de-
pressive symptoms and response to T3.

3.	 In the longer term, if the patient has a history of multiple 
episodes or significant treatment resistance, maintenance 
on T3 is reasonable as an open-ended treatment option. If 
there are no symptoms of hyperthyroidism and no known 
cardiac disease, consider maintenance T3 supplementation 
even if the TSH level is below the normal reference range, 
depending on clinical efficacy.

4.	Document a discussion of the risk-benefit profile of long-
term T3 augmentation, including potential cardiac and 
bone disease risk.

5.	 In postmenopausal women, bone density should be moni-
tored with densitometry every 2 years. If bone density is 
declining, referral for evaluation of osteoporosis should be 
made. Standard recommendations for all postmenopausal 
women also include calcium   (1200   mg/day)   and   vita-
min  D  (800–1000  IU / day)  supplementation.

6.	Periodically reevaluate the risks and benefits of T3 supple-
mentation, focusing specifically on depressive symptoms or 
change in status of cardiovascular disease.
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Clinical Guidance: Safety Guideline for 
Longer-Term T3 Augmentation Treatment 
of Major Depressive Disorder
Rosenthal et al. point out that no long-term data on the 
efficacy of T3 augmentation for SSRI treatment exist be-
yond the 12-week STAR*D trial (2006; 163:1519–1530). 
However, the procedure is frequently used successfully 
in clinical practice, and therefore safety guidelines are 
needed. In addition to baseline measurements and in-
formed consent with a risk-benefit analysis, Rosenthal et 
al. suggest endocrine evaluation at 3 and 6 months and 
then yearly. The TSH level should generally be at least 0.4 
mIU/ml, the lower limit of normal; the T3 level can be at 
the upper limit of normal. The patient should be clinical-
ly evaluated for hyperthyroidism. Bone density should be 
monitored every 2 years in postmenopausal women.


