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clusion:  Despite the large number of studies, the relation-
ship between thyroid function and depression remains 
poorly defined. Clarification of the proportion of subjects on 
thyroxine incorrectly may assist the large (perhaps geneti-
cally driven) studies needed to move forward in this area, as 
it is expected that they cloud the results. 
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 Introduction 

 An association between hypothyroidism and depres-
sion has been accepted and taught in medicine for many 
years, although the nature of this relationship and what 
determines it have not been convincingly proven. Ob-
servations on which this association was first derived are 
the similarity of symptoms in severely depressed and hy-
pothyroid patients, the therapeutic use of thyroid hor-
mones in the management of depression and the appar-
ent abnormalities in the hypothalamic-pituitary-thy-
roid axis of subjects with depression. However, there 
have been many conflicting studies in this area and this 
review seeks to define what our current understanding 
of this relationship is and where further research is re-
quired.
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 Abstract 

  Background:  A relationship between hypothyroidism and 
depression has been assumed for many years; however, the 
true nature of this association has been difficult to define 
with many conflicting studies. In recent years, our knowl-
edge in this area has increased significantly with large cohort 
studies and genetically driven studies being published.  Ob-

jectives:  We reviewed the literature on thyroid function and 
depression to determine if this relationship has been clari-
fied.  Methods:  We performed a search on the Pubmed data-
base using the terms ‘thyroid’ and ‘mental health’, ‘depres-
sion’ and ‘well-being’.  Results:  Large epidemiological stud-
ies generally suggest no association between thyroid 
function and depression in subjects without thyroid disease. 
Subjects on thyroxine have poorer psychological well-being 
than subjects with no thyroid disease even if biochemically 
euthyroid, they also show an association between thyroid 
function and well-being. Whilst there is some early evidence 
that genetic factors can influence well-being on thyroxine 
and response to combination therapy, there is also evidence 
to suggest that much morbidity on thyroxine may be due to 
initial misdiagnosis and mis-attribution of symptoms.  Con-
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  Physiology 

 The importance of thyroid hormones on cerebral de-
velopment and functioning are highlighted by the devas-
tating neurological consequences of severe iodine defi-
ciency  [1, 2] , MCT8 mutations  [3, 4]  and untreated con-
genital hypothyroidism  [5, 6] . Furthermore, we have 
come to realise the importance of thyroid hormone trans-
porters and iodothyronine deiodinases in delivering the 
hormones to where they have their actions  [7] .

  In animal studies, thyroid hormones influence norad-
renergic and serotonergic neurotransmission which play 
a key role in the pathogenesis of depression and are tar-
gets for current antidepressant therapies  [8–13] . These 
studies have shown increased serotonin levels in the ce-
rebral cortex of rats after T3 administration and also de-
creased serotonin synthesis in the brain with hypothy-
roidism. Serotonin also has an inhibitory effect on thyro-
tropin-releasing hormone (TRH) secretion suggesting a 
feedback loop which allows activation of the hypothala-
mus-pituitary-thyroid axis when serotonin levels in the 
brain are low. 

  Does Hypothyroidism (and Subclinical 

Hypothyroidism) Affect Mood and Psychological 

Well-Being? 

 Classic Epidemiology 
 There are many studies in this area with varied and 

often conflicting results. The reason for this is likely part-
ly methodological in that the larger studies are likely to 
have less extensively defined both thyroid (TSH but not 
T4) and mood (self-reported questionnaire rather than 
clinical diagnosis) phenotypes. Sample selection is also 
important as population studies are more likely to have 
higher prevalence of (asymptomatic) subclinical hypo-
thyroidism versus case control studies where patients are 
selected due to thyroid abnormalities.

  It should be noted that studies differ in their method 
of measuring psychological impairment and this may 
also influence their comparability. This is due to the dif-
ficulty of making psychological diagnoses in a study of 
thousands of subjects. Some studies have looked at ac-
tual diagnoses of ‘depressive disorders’, these are usually 
through database records (admissions or appointments 
for depression) or self-reported previous or current di-
agnoses of depression. Other studies have used validated 
questionnaires which pick up symptoms of depression; 
these questionnaires have generally shown good correla-

tion with clinical diagnoses of depression. Still others use 
questionnaires designed to assess psychological well-be-
ing, these assess general well-being, however, can often 
be divided into depressive symptoms, anxiety symp-
toms, etc. and have also been shown to correlate with 
clinical diagnoses. Throughout this review we will at-
tempt to identify which study uses which method of as-
sessment; however, a longer interpretation of each 
study’s relevance to clinical diagnosis is beyond the scope 
of this review.

  The larger studies have shown either no effect or con-
versely an inverse relationship between thyroid function 
and mood. The HUNT 2 study from Norway is clearly the 
largest of these, looking at the relationship between TSH 
and Hospital Anxiety and Depression Scale (HADS) 
scores (self-reported symptom questionnaire) in over 
30,000 individuals. The investigators found no associa-
tion with HADS depression or anxiety in subjects with no 
history of thyroid disease  [14] . Our reanalysis of this data 
considering only subjects with a TSH within the reference 
range (to exclude selection bias of subjects being put on 
thyroxine) again showed no association between TSH 
and HADS depression, in fact in males there was an indi-
cation that higher TSH was associated with slightly less 
HADS depression  [15] . Two other large studies have 
shown this unexpected association with either lower T4 
and/or higher TSH and current depressive syndrome 
(from depression section of Diagnostic Interview Sched-
ule) in 6,869 young adults from the US  [16]  and worse 
psychological well-being (by self-reported questionnaire) 
in 2,269 men from the UK  [17] . Two large studies in el-
derly subjects from the UK  [18]  and Australia (in men 
only)  [19]  showed no association with depression in 5,857 
and 3,932 subjects, respectively.

  All the studies in this area are summarised in  table 1  
(this does not include subjects on thyroid hormone re-
placement or pregnant subjects). The analysis column in 
this table explains the method by which statistical analysis 
was performed. ‘Continuous’ suggests analysing for a lin-
ear association across thyroid hormone range, generally 
these have included not only subjects within the reference 
range but also those outside with no history of thyroid 
disease or taking thyroid-related medications. There is a 
potential bias here whereby the more symptomatic sub-
jects may have been put on thyroxine and therefore re-
moved from the analysis. Grouped analysis whereby 
groups of abnormal thyroid function are compared to the 
euthyroid reference population is the other common 
method of analysis; however, the small number of sub-
jects in the abnormal groups often affects the power of 
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these studies. In addition, those on thyroxine are left out 
of the analysis again leading to loss of the more symptom-
atic subjects. Overall, the evidence suggests no associa-
tion of depression in subjects with thyroid function with-
in or slightly outside the reference range. In fact, in males 
and in younger subjects there may be a small inverse as-
sociation (less depression with lower T4 or higher TSH). 
There is some evidence for an association in more sig-
nificantly hypothyroid subjects (TSH >10 or plus low T4) 
 [20]  and in subjects specifically chosen for thyroid dys-
function  [21, 22] . It is likely that in the larger, population-
based studies these subjects are not prevalent enough to 
affect the analysis. 

  An important bias introduced into these larger studies 
is that subjects with depressive symptoms and subclinical 
hypothyroidism are likely to have been commenced on 
thyroxine in countries where medical care and thyroid 
function testing are readily available. As these subjects 
are usually removed from these studies, the remaining 

subjects with subclinical hypothyroidism are likely to be 
less symptomatic; this hypothesis was supported by the 
study of Engum et al.  [14]  who showed the rate of psy-
chological morbidity to be lower in those with a previ-
ously undiagnosed raised TSH than in the euthyroid 
population. This process would also increase the number 
of symptomatic subjects in the population on thyroxine, 
potentially contributing to the excess psychological mor-
bidity in patients on thyroxine (discussed in more detail 
below). We tried to eliminate this bias by investigating 
this population across the normal range only and again 
found no association  [15] ; this appears to be true of oth-
er studies looking at groups across the reference range 
also  [23] . 

  A recent study by Philibert et al.  [24]  looked at several 
genetic polymorphisms known to be related to thyroid 
function and their influence on lifetime major depressive 
disorder and found an association with a polymorphism 
in the iodothyronine deiodinase 1 gene ( DIO1 ) in Cauca-

Table 1.  Studies investigating the relationship between thyroid function and depression/psychological well-being

Study n Thyroid measure Psychiatric measure Analysis Association Direction p

Engum et al. [14] 30,589 TSH HADS abnormal vs. euthyroid no –
Forman-Hoffman 
and Philibert [16]

6,869 free T4/TSH DIS continuous yes ↓
↓

0.001 TSH
0.03 free T4

Roberts et al. [18] 5,857 free T4/TSH HADS continuous no (depression) –
Almeida et al. [19] 3,932 free T4/TSH GDS, ICD depression continuous no
Grabe et al. [74] 3,790 free T4/T3/TSH Zersson

Complaint Scale
abnormal vs. euthyroid no –

Williams et al. [17] 2,269 total T4 GHQ-30 continuous yes ↓ 0.03
Philibert et al. [24] 1,555 free T4/TSH lifetime MD continuous no
Guimaraes et al. [20] 1,298 free T4/TSH PRIME-MD abnormal vs. euthyroid TSH >10 yes

Clin Hypo yes
SC Hypo no

↑
↑
–

de Jongh et al. [75] 1,219 TSH +/– T4/T3 CES-D abnormal vs. euthyroid ns
van de Ven et al. [23] 1,125 free T4/TSH BDI, current/ever depression groups of thyroid ns
Kritz-Silverstein et al. 
[76]

1,110 TSH BDI continuous men yes
women no

↓
–

0.03

Gussekloo et al. [77] 599 free T4/TSH GDS continuous no –
Pop et al. [25] 538 free T4/TSH EDS abnormal vs. euthyroid no –
Kim et al. [78] 495 TSH GMS continuous ns
Jorde et al. [38] 243 free T4/TSH GHQ-30 SC hypothyroid vs. euthyroid yes ↓ <0.01
Gulseren et al. [21] 160 free T4/T3/TSH HDRS, SF-36 abnormal vs. euthyroid yes ↑ 0.001
Frey et al. [79] 121 free T4/T3/TSH NEO depressive trait continuous TSH & neuro ↓ 0.0002 TSH
van Boxtel et al. [80] 120 TSH SCL continuous no –
Bono et al. [22] 36 free T4/T3/TSH HDRS SC hypothyroid vs. treated yes ↑ <0.05

 HADS = Hospital anxiety and depression scale; DIS = diagnostic interview schedule; GDS = geriatric depression scale; ICD = international classification 
of diseases; GHQ = general health questionnaire; PRIME-MD = primary care evaluation of mental disorders; CES-D = centre for epidemiological studies-
depression scale; BDI = becks depression index; EDS = edinburgh depression scale; GMS = geriatric mental scale; HDRS = hamilton depression rating scale; 
SF-36 = short form 36; NEO = neurotism, extraversion, openness personality inventory; SCL = symptomatic check list; SC = subclinical; ↑ = positive asso-
ciation; ↓ = inverse association.
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sian females. This study used 3 ethnically diverse, inde-
pendent cohorts (combined n = 1,555) and looked at the 
relationship between 12 polymorphisms previously sus-
pected to influence thyroid function. The polymorphism 
in  DIO1  but not the others influenced lifetime depression, 
 DIO2  polymorphisms were not tested. This is yet to be 
replicated.

  Autoimmune Thyroid Disease  
 Several studies have investigated whether the pres-

ence of thyroid autoimmunity with thyroid hormone 
levels within the reference range is associated with de-
pression. It is recognised that stressful events can exac-
erbate or bring on episodes of autoimmune diseases, and 
also there appears to be an association between thyroid 
autoimmunity and postpartum depression. Two studies 
have shown an association between thyroid autoimmu-
nity and depression: Pop et al.  [25]  which showed an as-
sociation in 583 women between TPO antibody levels 
>100 mU/l and Edinburgh Depression Scale scores and 
Kirim et al.  [26]  which showed an association in 201 
subjects with TPO or Tg antibody positivity and Ham-
ilton Depression Rating Scale scores. Against these, 
however, a study using the HUNT 2 data in 745 subjects 
with normal thyroid function did not show any associa-
tion between presence of TPO antibodies and HADS 
score  [27] . All three studies are small in terms of number 
of subjects with antibody positivity and have the poten-
tial for selection bias. Larger, unselected cohorts with 
thyroid antibody assessment are required to resolve this 
issue. 

  Subjects on Thyroid Hormone Replacement 
 The situation is different in subjects on thyroid hor-

mone replacement. It has been clearly documented that 
these subjects have poorer well-being compared to the 
general population (see below)  [14, 15, 28] . It also appears 
that the association between thyroid function and depres-
sion is more clearly seen in this population. 

  An association between thyroid function and depres-
sion in subjects on thyroxine was first shown by Sarava-
nan et al.  [29]  who found a clear association between 
higher TSH and lower free T4 and poorer psychological 
well-being in 697 subjects on thyroxine from the UK. This 
persisted when only subjects with a TSH within the refer-
ence range (indicating adequate replacement) were in-
cluded. Findings were similar in the HUNT 2 study from 
Norway  [15]  and a study from the Netherlands  [30] . 

  As there appeared to be a clear difference in the asso-
ciations between thyroid function and depression in sub-

jects who were and were not on thyroxine, we used the 
large sample size of the HUNT 2 study to determine if we 
could show a statistical difference in these relationships. 
We looked for an interaction of being on thyroxine on the 
relationship between TSH and HADS depression and 
found that this was the case in females (p = 0.02) indicat-
ing significantly different associations in the two popula-
tions  [15] . This is best shown in  figure 1 . 

  Against a causative association between thyroid func-
tion and psychological well-being is a study from Walsh 
et al.  [31]  in subjects on thyroid hormone replacement 
whereby alterations in thyroid hormone levels by altera-
tions of dose did not appear to influence psychological 
well-being in these blinded subjects. The size and trial 
length suggest that a larger study with longer treatment 
times may be required for confirmation of this finding.
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  Fig. 1.  Association of HADS depression by quintiles of TSH in 
males and females with no thyroid disease and females on thyrox-
ine from the HUNT 2 cohort. The association in subjects with no 
thyroid disease is confined to the reference range to exclude selec-
tion bias (see text). 
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  In addition to an association between thyroid function 
and depression in this population it has also been con-
vincingly shown that subjects on thyroxine have poorer 
psychological well-being than their counterparts with no 
thyroid disease, even when only including subjects who’s 
replacement is considered biochemically adequate. This 
finding further suggests an association between thyroid 
function and depression. Several studies have consistent-
ly shown poorer psychological well-being in subjects on 
thyroxine, even when considering only those subjects 
whose thyroxine replacement is considered to be ade-
quate biochemically  [28, 30, 32] . A study from the Rancho 
Bernado study in elderly subjects did not find increased 
depression but significantly higher antidepressant use in 
those on thyroxine  [33] . In the HUNT study which is the 
largest of these, the OR of HADS depression in females 
on thyroxine (n = 1,546) to those with no thyroid disease 
(n = 18,137) was 1.46 (p < 0.001)  [15] . The analysis was 
not performed in males due to the low numbers of males 
on thyroxine. 

  Why Might Subjects on Thyroxine Have Reduced 
Psychological Well-Being? 
 The association between thyroxine use and impaired 

psychological well-being has been replicated on at least 3 
occasions and appears robust. This stands in contrast 
with the lack of association between thyroid function and 
psychological well-being in large community-based stud-
ies. Possible explanations for this apparent paradox might 
include the following.

  One possibility is the mis-attribution of symptoms 
due to a separate cause of low mood to incidentally dis-
covered thyroid disease followed by treatment with thy-
roid hormone resulting in apparent, poorer psychologi-
cal well-being of subjects on thyroxine. The lack of im-
provement of symptoms on thyroxine in these subjects 
results in a ‘cycle of misattribution’ ( fig. 2 ). Both depres-
sion and biochemical subclinical hypothyroidism are 
common, particularly in an older female population. 
Therefore, there is a reasonable prevalence of overlap be-
tween the two conditions, as show in a diagram drawn 
from the HUNT 2 data ( fig.  3 ). Medical teaching and 
guidelines recommend looking for thyroid disease in 
subjects with depressive symptoms, and the finding of a 
mild elevation in TSH (shown above in large studies to 
not be associated with depression) may often lead to a 
diagnosis of hypothyroidism which is more palatable to 
both patient and clinician. There is indirect evidence for 
this occurrence, although the extent to which it contrib-
utes to poorer well-being on thyroxine cannot be esti-

mated currently. In a study looking at mental health in 
general practice patients referred for thyroid function 
testing in the UK, we discovered that these patients had 
a higher rate of psychological morbidity than seen in all 
presentations (54.2 vs. 19%), suggesting that depressive 
symptoms were a common reason for assessing thyroid 
function. However, this practice did not diagnose any 

Complaining patients

May not
improve due to other

co-morbidity

Thyroxine
prescribed

Subclinical/mild
hypothyroidism

Get their TSH
checked

  Fig. 2.  Cycle of mis-attribution of symptoms to thyroid disease and 
continued symptoms. Proposed mechanism to explain why many 
subjects do not respond to thyroid hormone replacement despite 
adequate levels of TSH. 

No depression or
hypothyroidism

81.3%

Depression

11.7%

Hypothyroidism
5.8%

1.2%

  Fig. 3.  Overlap of subjects with both depression and raised TSH in 
the HUNT 2 cohort. 
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more thyroid disease than population screening, sug-
gesting that the symptoms were mostly unrelated to thy-
roid disease  [34] . This is reflected in the Colorado thy-
roid disease prevalence study which shows that low 
mood is a poor predictor of hypothyroidism  [35] . Fur-
thermore, despite guidelines on when to commence thy-
roxine (TSH >10 mIU/l or plus low T4) there is evidence 
from Scotland that the number of subjects who are com-
menced on thyroxine with a TSH less than 6.0 mIU/l is 
almost 50%  [36] , and a recent primary care database 
study in England of over 53,000 subjects on thyroxine 
indicated that around 64% had started therapy with a 
TSH <10 mIU/l [37]. Therefore, the majority of patients 
commenced on thyroxine have a TSH in the subclinical 
range (<10 mIU/l) and a considerable proportion of 
these could have been treated due to depressive symp-
toms. The problem with this practice is twofold: firstly, 
the patients’ symptoms are unlikely to improve on thy-
roxine treatment resulting in dissatisfaction on thyrox-
ine treatment and requests for increased doses or alterna-
tive treatments. Secondly, it is likely to significantly delay 
the correct diagnosis of depression with appropriate 
treatment. 

  However, there are other explanations that could un-
derlie the association between poor psychological well-
being and thyroid hormone treatment. Subjects with a 
chronic disease and on lifelong medication are more like-
ly to report poorer mental health than those with no ill-
nesses, and certainly those on thyroxine generally have 
more comorbidities (e.g. heart disease)  [28]  and indeed 
the thyroid disease may have been detected in routine 
testing in association with these other conditions (e.g. 
routine testing of TSH in cardiac clinics). But it also re-
mains possible that a subset of individuals respond poor-

ly to exogenous thyroxine as replacement and/or that the 
presence of thyroid autoimmunity, irrespective of thy-
roid function, contributes to low mood. 

  Does Thyroid Hormone Replacement Correct Mood 

and Well-Being Deficit? 

 Treatment of Subclinical Hypothyroidism 
 Several relatively small studies (n = 36–70) have looked 

at the effect of treatment of subclinical hypothyroidism 
with thyroxine on psychological well-being/depression 
 [21, 38–42] . The studies are listed in  table 2 . The first four 
studies are placebo controlled and show no benefit from 
thyroxine replacement, except for Meier et al.  [41]  which 
shows improvement but only in those who started with a 
TSH >12 mIU/l. It could be questioned whether this rep-
resents subclinical or overt hypothyroidism. The other 
two are not placebo controlled, but have results compared 
to controls (with no thyroid disease)  [21, 42] . They both 
show improvement in well-being scores back down to 
levels seen in controls without thyroid disease; however, 
the lack of a placebo arm raises concerns about the pla-
cebo effect. Overall, the evidence is not convincing for a 
significant benefit of treatment, however there is a lack of 
larger placebo-controlled studies. 

  Combination T4/T3 Therapy 
 The use of a combination of both thyroxine (T4) and 

tri-iodothyronine (T3) for thyroid hormone replacement 
in hypothyroidism (either synthetic human or derived 
from animal tissue) has long been shrouded in contro-
versy. The vast majority of patients on thyroid hormone 
replacement are on T4 only due to distinct advantages 

Table 2.  Studies investigating the effect of thyroxine treatment on psychological well-being in subclinical hypothyroidism

Study n (treated/placebo) Duration Measure Result

Jorde et al. [38] 36/33 1 year BDI, GHQ-30 ns
Jaeschke et al. [39] 18/19 >6 months CTQ, SIP ns
Kong et al. [40] 23/17 6 months HADS, GHQ-30 ns
Meier et al. [41] 31/32 50 weeks Billewicz/Zulewski scores significant improvement only in those 

with TSH >12
Gulseren et al. [21] 36/0 9–10 months BDQ, HDRS, SF-36 improved to control group
Baldini et al. [42] 38/0 6 months SF36 improved to control group

 BDI = Becks depression index; GHQ = general health questionnaire; CTQ = chronic thyroid questionnaire; SIP = sickness impact 
profile; HADS = hospital anxiety and depression score, BDQ = brief disability questionnaire, HDRS = hamilton depression rating scale; 
SF-36 = short form 36.
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including: (1) long half-life and stability, (2) easy moni-
toring of levels with TSH assessment, and (3) numerous 
studies showing the effectiveness of this practice in re-
versing hypothyroid symptoms and consequences. It is 
also clear that T4 is readily changed into T3 by the iodo-
thyronine deiodinases 1 and 2. However, there remain 
patients who do not feel back to their pre-illness level of 
well-being on T4 only and advocates for combination 
therapy suggest this is due to a lack of T3, with evidence 
from animal studies that only a combination regimen of 
T3 and T4 can achieve normal T4 and T3 serum and tis-
sue levels  [43, 44] . There have been eleven placebo-con-
trolled studies of combination T4/T3 versus T4 alone on 
a variety of outcomes including quality of life scores, de-
pression and fatigue  [45–55] . Whilst the initial study ap-
peared to show a benefit of combination therapy, all the 
following studies and three subsequent meta-analyses 
have shown no benefits  [56–58] . A more recent placebo-
controlled crossover study which was completed after 
these meta-analyses did show a positive effect of combi-
nation therapy; however, it was small (n = 59) and used a 
higher dose of T3 than most of the other studies  [59] . Al-
though the meta-analyses and majority of the studies 
have shown negative benefit from combination therapy 
there continues to be doubts due to uncertainty on the 
appropriate replacement ratio of T3:T4 and how to assess 
this. The largest study from Bristol, UK showed a signifi-
cant placebo effect on well-being in these subjects, lasting 
out to at least 1 year  [55] , suggesting that anecdotal re-
ports of improvement on combination therapy must be 
viewed with some scepticism. 

  Genetic Predisposition to Response to Combination 
Therapy 
 Whilst overall studies of combination therapy have 

not shown any benefits there remain subjects who feel 
better on a combination. A possible explanation for this, 
other than a placebo effect, could be a genetic predisposi-
tion to feeling worse on T4 monotherapy and better with 
T3. Mechanistically, two pathways which could produce 
such an effect would be the iodothyronine deiodinases 
(due to a lesser ability to change T4 to T3) and the spe-
cific thyroid hormone transporters (due to a detriment 
in transporting T4 but not T3 into cells). Two studies 
have investigated this possibility. We reanalysed the large 
combination trial from Bristol, UK, looking to see if ge-
netic polymorphisms within the deiodinase genes would 
be associated with response to different therapies. We 
observed that a likely functional polymorphism in  DIO2  
(rs225014) was associated with poorer psychological 

well-being in subjects on thyroxine, but also to an im-
proved response with combination T4/T3 therapy (not 
seen in subjects with the same polymorphism given T4 
and placebo)  [60]  ( fig. 4 ). This polymorphism therefore 
may be selecting out subjects who do not respond to T4 
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  Fig. 4.  Response to combination T4/T3 therapy versus T4 mono-
therapy by DIO2 genotype. From Panicker et al.  [60] . Copyright 
2009, The Endocrine Society, used with permission. 
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only. The biological function of this gene is consistent 
with that in that there is only D2 in the brain to convert 
T4 to T3 (not D1); therefore, potentially decreased func-
tion of this enzyme may limit supply of T3 to brain cells, 
but only in subjects who need to receive all of their T3 
from T4 deiodination. The frequency of this polymor-
phism in the population is approximately 12% suggest-
ing that these subjects could have been lost in the later, 
non-genetically based studies. Furthermore, there is no 
way to identify these subjects without genetic testing (no 
change in biochemical tests). This initial study is yet to 
be replicated. We attempted to find further evidence for 
this by analysing the  DIO2  polymorphism in subjects 
from the UK who had chosen to be on combined T4/T3 
therapy versus those who had tried this therapy but gone 
back to T4 monotherapy. Although there were small 
numbers (15 subjects 9 controls), the proportion of sub-
jects with the rare genotype in the group that had re-
mained on T4/T3 therapy was not significantly increased 
[unpubl. data]. Potential reasons for this are: (1) that oth-
er SNPs/genes are also involved, and (2) the possibility 
that the small sample included subjects with misattribu-
tion of symptoms and placebo effect of the treatment. 
This emphasizes the need for replication of the initial 
study.

  A smaller study found a polymorphism in the gene for 
thyroid hormone transporter  OATP1C1 , thought to be 
important for transport of T4 into the brain, to be associ-
ated with symptoms of fatigue and depression in subjects 
on T4 monotherapy  [61] . There was no treatment arm in 
this study and its findings have not been replicated. 

  Are There Risks of Thyroid Hormone Replacement or 
Overreplacement? 
 Theoretically there should be no adverse effects from 

replacing a hormone that the body is missing. Many of 
the arguments for the use of thyroxine in subjects where 
no clear benefit has been shown is the apparent lack of 
adverse events caused by treating someone with thyrox-
ine at an appropriate level. There are, however, potential 
risks which must be considered. Firstly, it has been shown 
that as many as 32% of subjects on a stable dose of thy-
roxine have a TSH outside the reference range, even 
though in this study all participants had had a TSH per-
formed in the previous 15 months. Furthermore, most of 
these (24.5%) had a low TSH suggestive of over replace-
ment  [29] . This is in keeping with other studies  [62, 63]  
which indicate that approximately 20% of individuals on 
levothyroxine have a suppressed TSH. Given that this is 
a lifelong treatment and most patients are on it for many 

years there is a potential for harm here. Reassuring, how-
ever, is the paper by Flynn et al.  [63],  which shows that in 
subjects on long-term thyroxine therapy, a suppressed or 
high TSH was associated with an increased risk of cardio-
vascular disease, dysrhythmias and fractures; however, a 
low but not suppressed TSH was not associated with any 
increase risk compared to those with a TSH within the 
reference range. In the Saravanan study above, those with 
a suppressed or raised TSH made up 9% of the population 
on thyroxine.

  The risks of combination T4/T3 therapy have not 
been studied in the long term and can therefore not be 
estimated. Indeed, many of the trials on combination 
therapy have used different replacement doses/ratio’s 
reflecting that we do not know the ideal replacement ra-
tio or dosing schedule, given the shorter half-life of T3. 
Indeed, in the largest of these studies from Bristol in 
which 10 μg of T3 was substituted for 50 μg of T4 in the 
treatment group, this group had a significantly higher 
TSH level on treatment suggesting that they may have 
been undertreated compared to controls  [55] . Further-
more, the short half-life of T3 makes the monitoring of 
adequacy of replacement difficult to monitor (a morning 
serum TSH is unlikely to accurately reflect the varying 
levels of T3 throughout the day). Therefore, if further 
trials are suggestive of benefit of combination therapy, 
long-term outcomes will need to be assessed, particu-
larly in the areas of cardiovascular disease, arrhythmia 
and osteoporosis. 

  There are also risks associated with treating subjects 
misdiagnosed with thyroid disease with thyroxine; these 
are covered above.

  Do Thyroid Hormones Improve Response to 

Antidepressant Therapy? 

 As mentioned above animal studies have shown that 
thyroid hormone levels in the brain can influence neu-
rotransmitter concentrations (serotonin and noradren-
aline); furthermore, antidepressants can influence deio-
dinase action potentially leading to altered local thyroid 
hormone concentrations. Therefore, it seems reason-
able that thyroid hormones could be used to augment 
treatment for depression, and this practice has been 
used for some years. There have been many studies in 
this area, unfortunately mostly small and with method-
ological problems. The two main areas of study are: 
(1) does augmentation of antidepressants with thyroid 
hormones speed the time to response, and (2) does 
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the  addition of thyroid hormones to patients with 
 resistant depression already on antidepressants increase 
response? 

  Two early meta-analyses looked into these questions. 
Altshuler et al.  [64]  found an accelerated response to an-
tidepressants with the addition of thyroid hormones, par-
ticularly in women, whilst Aronson et al.  [65]  found that 
the addition of T3 in subjects with resistant depression 
increased the response rate by 23%. These meta-analyses 
looked at studies during a period prior to the newer agents 
such as selective serotonin reuptake inhibitors and are 
therefore less relevant today, given the widespread use of 
these agents now. A more recent review of studies adding 
T3 to selective serotonin reuptake inhibitors found 5 ran-
domized controlled trials (RCTs) which were too dispa-
rate to meta-analyse, and some open labelled studies. 
Their conclusion was that the treatment was safe clini-
cally; however, whilst there was some evidence from one 
RCT and the open-labelled studies of benefit, further 
studies were required  [66] . In terms of larger RCTs, two 
studies with greater than 100 subjects have shown no re-
sponse to T3 addition  [67, 68] , whilst another showed an 
almost trebling of the response rate  [69] , and bipolar pa-
tients with resistant depression also appear to respond 
 [70–72] . Some of these studies have also identified base-
line thyroid hormone levels which predict response but 
these are too variable and disparate to be used at this 
stage. Overall, studies to date have been underpowered, 
suffered methodological issues and/or not used current 
depression treatments. One can, therefore, not recom-
mend for or against the use of thyroid hormones in the 
treatment of depression. Further well-powered, appro-
priately designed and perhaps genetically based studies 
are required to identify those patients who are likely to 
respond.

  Genetic Markers to Predict Response to Thyroid 
Hormone Augmentation 
 Given what was shown in the above section on genet-

ic predisposition to poor well-being and response to 
combination therapy, it is not surprising that recent re-
search has examined whether these genes can predict re-
sponse to thyroid hormone augmentation. This field of 
research is still in its early days; however, there is some 
early evidence that genetic markers may provide an an-
swer. Cooper-Kazaz et al.  [73]  investigated the influence 
of four polymorphisms in  DIO1  and  DIO2  on response 
to T3 supplementation and found that the DIO1–785T 
allele, previous shown to be associated with lower D1 
function was associated with improved response to T3. 

There was no association with the other polymorphisms; 
however, it should be noted that this was a small study 
(64 subjects, 35 in the treatment group) and needs to be 
replicated. 

  Conclusion 

 Despite what appears to be an abundance of literature, 
the relationship between hypothyroidism and depres-
sion is not clearly defined. Large studies in subjects who 
do not have thyroid disease do not show an association 
between mild hypothyroidism and depression, and in 
fact in males some studies have shown an inverse asso-
ciation (though small). It is not surprising therefore that 
treatment of subjects with subclinical hypothyroidism 
has not been clearly shown to improve mental health 
markers. By contrast, subjects on thyroid hormone re-
placement have been consistently shown to have poorer 
well-being, and their well-being appears related to their 
thyroid function. The reasons for this are not yet defined 
although several possibilities have been raised in this re-
view. As we enter an age of increasing understanding of 
genetic basis for disease, genetic variation may identify a 
population of subjects who may respond better to treat-
ments other than thyroxine. However, how many sub-
jects dissatisfied on thyroxine are a result of this and how 
many the result of misattribution of symptoms cannot 
currently be estimated. As yet, studies showing an asso-
ciation between thyroid-related genes and well-being 
must be considered preliminary. The practice of using 
thyroid hormones to improve response to antidepressant 
therapy continues, although there appears to be a lack of 
clear evidence of benefit, particularly when added to the 
newer antidepressant agents. 

  Further studies are required to determine if thyroid-
related genes can influence well-being in subjects that are 
not on thyroid hormone replacement and if thyroid hor-
mones may be beneficial in these subjects if they are not 
responding to standard antidepressant therapies. Repli-
cation of studies which suggest genetic polymorphisms 
may predict response to combination T4/T3 therapy is 
also vital. It may be that these genetic studies may finally 
help us understand the complex relationship between hy-
pothyroidism and depression. 
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