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Abstract

Hypothyroidism and major depressive disorder (MDD) share neuropsychiatric features. Cerebral

perfusion deficits are found in both disorders. We compared regional cerebral blood flow (rCBF) in

hypothyroidism and MDD to determine if clinical similarities are mediated by common neurocircuitry.

Ten hypothyroid and 10 depressed patients underwent 99mTc-HMPAO-SPECT and clinical evaluation

before and after response to respective treatments. Ten healthy controls underwent a similar, single,

evaluation. Before treatment, rCBF in hypothyroid and depressed patients was lower than in controls,

in posterior and anterior aspects of the brain respectively. rCBF in hypothyroidismwas lower than inMDD

in right posterior cingulate and parieto/occipital regions, and higher in frontal, prefrontal and sub-genual

regions. Reduced rCBF in pre- and post-central gyri was found in both groups. Following treatment, rCBF

in depressed patients increased and normalized, but remained unchanged in hypothyroidism. Affective

symptoms in hypothyroidism may be mediated by neurocircuitry different from that of major depression.
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Introduction

Depressive symptoms are often encountered in

patients with physical illness (Stover et al., 2003) and

may be mediated by the same neural substrate

underlying primary depression (Sheline, 2003). This

assumption has not been examined as regards

hypothyroidism.

Psychomotor retardation, fatigue, lethargy, dimin-

ished volition and depressed mood are often observed

in both major depression and hypothyroidism (Davis

et al., 2003). Autoimmune thyroid disease may also be

associated with mood symptoms, even when there

are no apparent aberrations in peripheral thyroid

hormones (Marangell, 2002). Patients with primary

depression may have mild alterations in their thyroid

function, either subclinical or mild overt hypo-

thyroidism (Jackson, 1998). Euthyroid depressed

patients refractory to antidepressant treatment may

benefit from T3 augmentation (Aronson et al., 1996).

The mechanism whereby T3 potentiates the thera-

peutic effect of antidepressant drugs is not definitively

known. It has been suggested that T3 administration

enhances serotonergic neurotransmission leading to

an increase in cortical 5-HT concentrations, desensiti-

zation of autoinhibitory 5-HT1A receptors in the raphe

area and/or sensitization of cortical 5-HT2 receptors

(see Bauer et al., 2002 for review).

Cerebral blood flow (CBF) in depression has been

well studied. Earlier studies reported decreased per-

fusion in frontal and prefrontal regions and also in

temporal, parietal and limbic-subcortical structures

(Drevets, 2000). Recent studies present a more diverse

and complex picture, replicating and extending earlier

studies (Mayberg, 2003), distinguishing between

ventro/medial frontal regions displaying increased

perfusion and more caudal regions such as anterior

cingulate and dorsolateral prefrontal cortex showing

decreased perfusion in depressed patients compared

to healthy subjects. Findings in limbic and paralimbic

regions and in basal ganglia have been inconsistent,

with reports of both increased and decreased function

in depression (Drevets, 2000; Mayberg, 2003). Many
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reasons for the variability in findings may be pro-

pounded: Differences in patient characteristics, sub-

type and severity of psychopathology and medication

status. Choice of imaging technique and/or radio-

pharmaceutical may also affect findings. While a

comprehensive review of the neuroimaging of de-

pression is beyond the scope of this brief report, it is

worth noting that even studies using a single imaging

modality [e.g. single photon emission computed tom-

ography (SPECT)] report disparate findings (Smith

and Cavanagh, 2005).

Only a few brain-imaging studies have been per-

formed in patients with hypothyroidism. Although

these were done over a period of five decades, using

different imaging techniques, e.g. the nitrous oxide

method initially (Scheinberg et al., 1950; Sensenbach

et al., 1954), then the xenon133 inhalation technique

(O’Brien and Harris, 1968) and SPECT or PET in the

more recent studies (Constant et al., 2001; Nagamachi

et al., 2004; Schraml et al., 2006), results were by and

large similar, displaying reversible decreases in mean

global CBF (Constant et al., 2001; O’Brien and Harris,

1968; Sensenbach et al., 1954). In addition to the

reduction in CBF, cerebral oxygen (Constant et al.,

2001; Scheinberg et al., 1950) and glucose metabolic

(Constant et al., 2001) rates were also decreased in

hypothyroidism, a finding not explained by increased

vascular resistance alone, suggesting that thyroid

hormone deficiency may affect brain cell function.

Inverse correlation between thyroid-stimulating hor-

mone (TSH) and regional cerebral blood flow (rCBF)

in the left dorsolateral and mesial prefrontal cortex

was reported in patients with major depression or

bipolar disorder and normal or only slightly raised

TSH levels (Marangell et al., 1997). Using technet-

ium-99m (99mTc) hexamethylpropyleneamine oxime

(HMPAO) SPECT, we recently reported lower rCBF

in a small group of hypothyroid patients, compared

to healthy controls, in right parieto/occipital gyri,

cuneus, posterior cingulate, lingual gyrus, fusiform,

insula and pre- and post-central gyri that remained

largely unchanged after treatment (Krausz et al., 2004).

A study of patients with transient hypothyroidism

after thyroidectomy produced very similar results

(Nagamachi et al., 2004). A recent 99mTc ethyl cystei-

nate dimer (ECD) SPECT study (Schraml et al., 2006)

in another group of thyroidectomized individuals was

partially consistent with the above two studies

(Krausz et al., 2004; Nagamachi et al., 2004) in show-

ing decreased perfusion in the occipital cortex after

thyroid hormone supplementation, but also found

increased CBF in frontal and temporal regions and

posterior cingulate gyrus at the euthyroid condition.

In the present study we compared rCBF between

healthy subjects, hypothyroid patients and a matched

group of patients with major depression, before and

after treatment with thyroxine and antidepressant

medication respectively. We hypothesized that we

would find similar regions exhibiting CBF deficits

when comparing patients with hypothyroidism and

major depression with healthy subjects. Such regions

could point to pathophysiological denominators

common to depressive symptoms in both disorders.

Method

Ten right-handed patients with newly diagnosed

adult-onset hypothyroidism due to atrophic or

Hashimoto’s thyroiditis (9 female, age 45.9¡15.1 yr,

range 21–64 yr), 10 depressed patients (DSM-IV

criteria for unipolar major depression; 9 female, age

49.1¡16.4 yr, range 20–72 yr) and 10 right-handed

healthy subjects (9 female, age 49.7¡11.3 yr, range

29–64 yr), participated in the study. Hypothyroid

and control subjects participated in a previous study

(Krausz et al., 2004). Duration of hypothyroid state

prior to the first SPECT scan ranged from a few

weeks (in six patients) to 7 months. TSH levels for

hypothyroid, depressed and healthy subjects were:

15.1¡9.2 mU/l (range 5.9–29.0), 1.7¡0.8 mU/l (range

0.6–3.05), 1.6¡0.6 mU/l (range 0.9–3.05) respectively.

T3 and T4 were within normal limits for all par-

ticipants (total T3: 2.4¡1.0, 2.4¡1.2, 2.6¡1.2; free

T4: 9.3¡1.6, 10.4¡2.1, 12.7¡3.0, for hypothyroid,

depressed and healthy participants respectively).

Depressed patients included in this study were treat-

ment responders recruited from a larger cohort of

depressed patients who underwent SPECT scanning

before and after treatment with tricyclic antide-

pressants (TCAs) or selective serotonin reuptake

inhibitors (SSRIs) matched to hypothyroid patients

by age, gender and handedness. Inclusion of de-

pressed patients was limited to treatment responders

to ensure homogeneity within the group of depressed

patients and to enable comparison with the thyroxine-

treated hypothyroid patients who, without exception,

responded to hormone replacement therapy. Pre-

treatment rCBF in depressed participants was com-

pared to that of depressed non-participants to exclude

the possibility of selection bias. No differences were

found. Depressed patients were free of all psycho-

tropic medication before the first SPECT scan for at

least 3 wk (no one was treated with fluoxetine),

excluding short-term hypnotics (two patients were

taking 0.25 mg brotizolam and another 0.25 mg alpra-

zolam). Five depressed patients were treated with
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TCAs, four with SSRIs and one with a serotonin and

norepinephrine reuptake inhibitor (SNRI). Hypo-

thyroid patients were all treated with thyroxine.

Exclusion criteria for all participants included cardio-

vascular and neurological disorders, past head

trauma, abnormal brain MRI, Hachinsky Ischemia

Index (Moroney et al., 1997) score of >2, or treatment

with somatic medication that might affect the

SPECT evaluation. The study was approved by the

Hadassah – Hebrew University Hospital Review

Board. All participants gave their consent to partici-

pate in the study after having received a detailed

explanation of study procedure and risks.

Hypothyroid and depressed patients underwent

SPECT imaging before and after treatment with

thyroxine or antidepressant respectively. In the

hypothyroid group, the time interval between scans

was 109¡44 d (range 63–215 d), and in the depressed

patients : 50¡24 d (range 28–112 d). Control subjects

underwent a single 99mTc-HMPAO brain SPECT

study. Mood was examined using the 21-item

Hamilton Rating Scale for Depression (HAMD;

Hamilton, 1960). Hypothyroid patients scored highest

on the items evaluating work and activities, psycho-

motor retardation and general somatic symptoms

(items 7, 8 13 on the HAMD) while depressed patients’

scores on the HAMD were elevated throughout, with

the exception of item 20 on the HAMD (paranoid

symptoms). Depressed patients scored significantly

higher on the HAMD than both hypothyroid

(p=0.0002) and healthy (p=0.00001) participants.

Cognition, examined using the Mini Mental State

Examination (MMSE; Folstein et al., 1975), revealed

no significant differences between groups and no

evidence for severe impairment in all groups (Folstein

et al., 1975) (28.3¡2.0, range 26–30; 29.6¡1.2, range

27–30; 29.8¡0.7 for depressed, hypothyroid and

healthy participants respectively).

Subjects were injected intravenously with 740 MBq

of 99mTc-HMPAO, in a quiet, dark room, lying supine

with eyes open and ears unplugged. Images were

obtained with a dual-headed, rotating gamma camera

equipped with a fanbeam collimator (Helix, Elscint,

Israel). Data were collected on a 128r128 matrix in

60 projections, with an acquisition time of 25 s per

projection. Processing included normalization, trans-

axial reconstruction using filtered back-projection,

and theoretical attenuation correction. Reconstruction

was carried out with a Hanning filter on a 64r64

matrix, and a slice thickness of 1 pixel (4.7 mm).

Resolution of the system is given at 11 mm full width

at half maximum (FWHM). Images were realigned

to the SPECT template provided by Statistical

Parametric Mapping (SPM99), realigned to the

Montreal Neurological Institute (MNI) brain atlas,

resampled to pixel size 2r2r2 mm and smoothed

with an isotropic Gaussian kernel with a FWHM of

10 mm. Each image was normalized to the mean

total activity within the brain, and pixels below 80%

of the global mean removed. Data were analysed

using SPM99 (version: http://www.fil.ion.ucl.ac.uk/

spm/software/spm99/), implemented on a Matlab

platform. Initial voxel threshold was set at p<0.05

and minimum cluster extent was 30 voxels ; only

clusters with a corrected significance level of p<0.05

are reported. All locations are reported in MNI

coordinates.

Unpaired t tests were used for between-group

comparisons, and paired t tests were used to compare

pre- and post-treatment scans within the hypo-

thyroid and depressed patient groups. The general-

ized linear model (GLM) was used to test for

group (hypothyroid/depressed)r time (pre-/post-

treatment) interaction.

Results

Before treatment, widespread perfusion reductions

in depressed patients compared with controls were

observed mostly in fronto/limbic, but also in other,

regions (see Table 1). No evident difference in rCBF

was found between depressed patients treated and

not treated with short- acting hypnotic medication.

This is probably due to the low dosage of hypnotic

medication and the fact that scanning was performed

after its maximal effect had already subsided (Reinsel

et al., 2000). rCBF in hypothyroid patients at this

time-point, compared with depressed patients, was

lower in posterior parts of the brain and higher in

anterior regions (Table 1, Figures 1 and 2). Upon

examination of each group’s pre-treatment com-

parison with healthy control subjects, an overlapping

perfusion deficit was found in the pre- and post-

central gyri and the inferior occipital gyrus (data for

the hypothyroid vs. healthy control comparison can

be found in Krausz et al., 2004, see ref. 13).

After treatment, TSH levels normalized in the

hypothyroid group (1.7¡1.2 mU/l, range 0.3–3.7)

and were largely unchanged in depressed patients

(1.6¡0.6 mU/l, range 0.3–2.7). Mean HAMD scores

decreased significantly in depressed patients (p=
0.00001), non-significantly in hypothyroid patients

(p=0.4) and were within normal limits and similar

for both groups (5.2¡5.8, range 0–13; 5.2¡3.3, range

1–10, for hypothyroid and depressed groups re-

spectively). MMSE scores, already within normal
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limits before treatment, increased non-significantly

in both groups (29.4¡1.6, range 25–30; 29.5¡1.4,

range 26–30, for hypothyroid and depressed patients

respectively).

Widespread increases in CBF were observed in

depressed patients following treatment with anti-

depressants (Table 1), but not in hypothyroid patients

after treatment with thyroxine and resumption of

euthyroid state (Krausz et al., 2004). rCBF in depressed

patients in remission following treatment was simi-

lar to that of healthy controls. Compared with

hypothyroid patients treated with thyroxine, rCBF

in remitted depressed patients was no longer reduced

in anterior brain regions but remained higher in

posterior ones, although after treatment this differ-

ence was more prominent on the left. A significant

groupr time interaction was found in fronto/

parietal regions, showing that the effect of treatment

on cerebral perfusion significantly differed between

groups. The significance in interaction was mostly

attributable to increases in perfusion in depressed

patients.

Table 1. rCBF differences between depressed patients, hypothyroid patients and controls before and after treatment

Groups Regions

Coordinates

(MNI)

Significance

p cluster-level

corrected Z score

Time 1 C>D1 Bilateral, left>right: Superior, middle

and inferior frontal gyri, insula, pre and

post central gyri ; superior temporal

gyrus, inferior parieto/occipital region,

supramarginal gyrus, posterior

cingulate, fusiform gyrus

(18, 8, x20)

(46, x18, x6)

(x42, 16, x10)

0.000 4.34

D1>C – – n.s. n.s.

D1>H1 Mostly right: Posterior cingulate gyrus,

superior, middle and inferior occipital

gyri, cuneus, precuneus

(48, x76, 18)

(40, x86, x2)

(12, x72, 64)

0.000* 5.08

H1>D1 Mostly left : Superior, middle and

inferior frontal gyri, medial frontal

gyrus, anterior cingulate gyrus,

ventromedial prefrontal cortex,

subgenual cortex

(–30, 14, 60)

(–54, 22, 40)

(–54, 34, 0)

0.000 3.73

Times 1–2 D2>D1 Mostly left : Pre- and post-central gyri,

middle frontal gyrus, superior and

middle temporal gyri, posterior

cingulate gyrus, precuneus

(–32, x18, 68)

(–48, x68, 30)

(–52, x60, 20)

0.000 3.75

D1>D2 – – n.s. n.s.

Grouprtime

interaction: D2>D1

and/or H1>H2

Mostly left : Pre- and post-central gyri,

middle and inferior frontal gyri, medial

frontal gyrus

(–52, 6, 52)

(–30, 14, 58)

(10, x22, 68)

0.000 3.38

Grouprtime

interaction: D1>D2

and/or H2>H1

– – n.s. n.s.

Time 2 D2>H2 Mostly left : Posterior cingulate gyrus,

lingual gyrus, middle occipital gyrus,

precuneus, cuneus

(–40, x56, 14)

(–36, x64, x2)

(–16, x54, 20)

0.000 4.01

H2>D2 – – n.s. n.s.

C>D2 – – n.s. n.s.

D2>C – – n.s. n.s.

C, Control; H1, hypothyroid pre-treatment; H2, hypothyroid post-treatment; D1, depressed pre-treatment; D2, depressed

post-treatment.

* Significant also for peak voxel correction; n.s., not significant.
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Discussion

Our findings show that cerebral perfusion in patients

suffering from depression and in patients suffer-

ing from hypothyroidism differs considerably in the

symptomatic phase of illness, in response to treatment

and following remission/response. These findings

suggest that depressive symptoms in hypothyroidism

may be mediated by neural circuitry different from

that of major depression.

The small sample size is a limitation of the present

study. Still, recent imaging studies examining hypo-

thyroid patients were similarly sized (Constant

et al., 2001; Nagamachi et al., 2004; Schraml et al.,

2006). The main concern regarding sample size in

SPECT studies analysed using SPM is a lack of

sufficient statistical power to accurately control for a

false-negative result in areas showing no significant

differences between groups (Acton and Friston, 1998).

However, group comparisons in our study yielded

considerable positive findings. Perfusion deficits

found in depressed, compared to healthy subjects in

our study are overall similar to most previous reports

in the literature (Drevets, 2000; Mayberg, 2003), as

is normalization of such deficits after response to

treatment (Mayberg, 2003). Extensive hypoperfusion

in hypothyroidism has also been widely reported

(Constant et al., 2001; O’Brien and Harris, 1968;

Sensenbach et al., 1954). Thus, although our sample

size is certainly a limitation, the similarity between

the current and previous studies in both sample size

and results lends credibility to our findings.

The moderate severity of hypothyroidism in

our sample may also be a limitation of our study.

Nevertheless, widespread perfusion deficits were

found in this mildly hypothyroid cohort compared

with healthy subjects (Krausz et al., 2004), demon-

strating that cerebral perfusion is sensitive to even

mild hormonal deficits. Furthermore, the perfusion

deficits found in our hypothyroid cohort are remark-

ably similar to those reported by Nagamachi et al.

(2004), who evaluated a group of patients with

very severe hypothyroidism (TSH levels : 120.1¡

86.2 mIU/ml). The pathogenesis of posterior cerebral

hypoperfusion in hypothyroidism is unclear. Notably,

perfusion deficits in mesial temporal lobe structures

were not found, despite the high density of thyroid

hormone receptors in this region and the frequent

involvement of memory impairment in hypo-

thyroidism. Posterior cerebral hypoperfusion is

Sagittal TransaxialCoronal

Figure 1. Regions displaying significantly lower rCBF in hypothyroid patients compared to depressed patients before

treatment (see Table 1 for details).

Sagittal TransaxialCoronal

Figure 2. Regions of significantly higher rCBF in hypothyroid patients compared to depressed patients before treatment

(see Table 1 for details).
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often encountered in the early stages of Alzheimer’s

disease (AD) and is believed to be associated with an

impairment in verbal memory, constructional praxis

and sustained attention (Nobili et al., 2005), cognitive

functions thought to involve mesial temporal lobe

structures and among the earliest signs of cognitive

impairment in AD. It has thus been suggested (Guedj

et al., 2005) that the functional imaging findings

in the early stages of AD could reflect deafferen-

tation of brain regions extensively connected to mesial

temporal lobe structures (Catani et al., 2003). Since

central nervous system thyroid hormone function is

apparently associated with the pathogenesis of AD

(Sampaolo et al., 2005), the mechanism of posterior

hypoperfusion in AD and hypothyroidism may be to

some extent similar. Another concern is the rather

mild severity of depressive symptoms within our

hypothyroid patients. It could be argued that the

pattern and magnitude of rCBF deficits would differ

if the mood compromise were more profound. This

was the case in the Nagamachi et al. (2004) study,

where perfusion deficits in hypothyroid patients

with more prominent depressive symptoms extended

towards prefrontal regions. All the same, maximal

perfusion deficits in the Nagamachi et al. (2004) study

were localized to the posterior parts of the brain.

Furthermore, improvement in depressive symptoms

in the Nagamachi et al. (2004) study was not associ-

ated with an increase in rCBF. In our study, the

regions in which perfusion deficits (compared to

healthy controls – pre- and post-central gyri and

inferior occipital gyrus, see above) overlap in de-

pressed and hypothyroid patients are not typical

of major depression (Drevets, 2000; Mayberg, 2003).

CBF in these regions did not change in hypothyroid

patients after treatment and improvement in clinical

status. Depressed patients in our study were off anti-

depressant treatment for at least 3 wk. This is a limi-

tation of our study since it can not be proven that

such a washout period precludes any carry-over

effects on cerebral perfusion. However, since the half

life of the antidepressants used before the washout

period ranges between 15–37 h, such delayed effect

is unlikely. Furthermore, a 3-wk washout period

for antidepressant treatment (excluding fluoxetine)

is widely used in brain-imaging treatment studies

(Brody et al., 2001; Nobler et al., 2000). Depressed

patients were treated with a variety of antide-

pressants, mostly TCAs and SSRIs, and this could also

potentially affect cerebral perfusion. As a check, we

compared rCBF between TCA- and SSRI-treated

patients, both before and after treatment, and found

no differences (data available on request).

The absence of perfusion changes after treatment

with thyroxine and clinical improvement is intrigu-

ing. The semi-quantitative method of data analysis

used in this study can only provide information

regarding putative regional perfusion changes. Thus,

we can not rule out the possibility of a global increase

in CBF in hypothyroid patients after treatment.

Alternatively, due to the wide variability (63–215 d)

in the time-interval between pre- and post- (hypo-

thyroid) treatment SPECT scans, we may have over-

looked a potential effect of the duration of thyroid

hormone supplementation upon rCBF. To test this

we performed a correlation analysis of the time-

interval between scans and an SPM map obtained by

subtracting pre- and post- treatment scans for each

patient. Correlation was not significant. Nonetheless

the evolution of treatment-related cerebral perfusion

changes in hypothyroidism may require a longer

time period than the interval between scans in this

study.

The question of correspondence between clinical

and pathophysiological changes is also a pivotal issue

in depression research, not yet fully resolved. To date,

it appears that response to antidepressant medication,

and even to psychotherapy, is largely associated with

‘normalization’ of functional brain deficits found in

depression (Seminowicz et al., 2004). However, it has

been shown that when depressive symptomatology

is related to a physical insult to the brain, such as

after cerebrovascular accidents (Thomas et al., 2004)

or brain trauma (Jorge and Robinson, 2002), func-

tional cerebral impairment is maintained well after

improvement in mood symptoms. Moreover, even

in late-onset depression (Nobler et al., 2000) or de-

pression treated with ECT (Nobler et al., 1994), brain

metabolic deficit outlives the clinical manifestation

of depression. In like manner, functional brain im-

pairments accompanying depressive symptomatology

in the context of hypothyroidism may be more

persistent than those found among primary major

depression.

The results of this study provide tentative evidence

supporting a disparate neurocircuitry mediating

mood-related symptoms in hypothyroidism and

major depression. Since the severity of both de-

pressive and hypothyroid symptoms in our cohort

was moderate, generalization of our findings to

patients suffering from more severe hypothyroidism

and full-blown depression requires caution. Still,

our findings suggest that behavioural and emotional

manifestation, treatment and long-term prognosis

differ between these two entities. Due to the limi-

tations of this pilot study regarding both number
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of participants and gravity of symptoms, further

research is warranted to substantiate findings.
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