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Objective: Transthyretin plays an important role in the transport and distribution of thy-
roid hormone in the central nervous system (CNS). This study replicated and extended to
patients with nonrefractory depressive illness a pilot study indicating that patients with re-
fractory major depression have significantly lower levels of CSF transthyretin than do
healthy comparison subjects. Method: Lumbar punctures were performed in drug-free
subjects with DSM-III-R major depression (N=18), DSM-III-R bipolar disorder, depressed
phase (N=1), and healthy comparison subjects (N=24). CSF concentrations of transthyre-
tin, determined by a quantitative dot-immunobinding assay, of the depressed patients and
comparison subjects were compared by analysis of covariance (ANCOVA). The relation-
ship between CSF transthyretin levels and Hamilton Depression Rating Scale scores was
determined in a subset of the depressed patients. Results: CSF concentrations of trans-
thyretin were significantly lower in the depressed patients than in the comparison subjects
by ANCOVA. Within the depressed group there was no significant overall correlation be-
tween CSF transthyretin levels and Hamilton depression scale scores, but there was a sig-
nificant inverse correlation in male depressed patients (N=8) between CSF transthyretin
concentrations and Hamilton depression scores. Conclusions: Lower CSF transthyretin
concentrations in depressed patients may reflect either a stable trait in this population or a
state change secondary to depression or other factors. Lower CSF transthyretin concentra-
tions may result in altered CNS thyroid hormone homeostasis. Such alteration could ac-
count for certain mood and neurovegetative symptoms of depression and might contribute
to failure of standard antidepressant treatment.

(Am J Psychiatry 1999; 156:710—715)

A link between depression and disturbances in thy-
roid function has often been proposed. Many symp-
toms of depression, such as low mood, lethargy, cogni-
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tive impairment, low appetite, constipation, and
psychomotor retardation, resemble those of hypothy-
roidism. Although a substantial number of patients
with hypothyroidism suffer from depression (1),
changes in peripheral thyroid hormone levels are infre-
quently found in depressed patients (2, 3). The thyro-
tropin-releasing hormone (TRH) stimulation test has
been used extensively to study subtle abnormalities in
the hypothalamic-pituitary-thyroid (HPT) axis in de-
pression. A consistent finding has been a blunted thy-
rotropin (TSH) response to TRH stimulation in about
25% of depressed patients (4, 5), particularly those
with endogenous symptoms (6-8). Increased CSF lev-
els of TRH have been reported in depression (9). In ad-
dition, up to 10% of depressed patients appear to have
an exaggerated TSH response to the TRH stimulation
test (10, 11). It has been suggested that low nocturnal
TSH secretion may be a more sensitive measure of
HPT axis dysfunction in depression than the TRH
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stimulation test (12). Low basal and TRH-stimulated
levels of TSH as well as low peripheral thyroid hor-
mone levels, while generally considered to be in the
“subclinical” hypothyroid range, have been associated
with poor response to antidepressant therapies (13-
16). In addition, a recent meta-analysis (17) indicates
that triiodothyronine (T3) supplementation of anti-
depressant medication can improve the response rate
and can also convert patients with refractory depres-
sion to responders. Others (18, 19) have also reported
a beneficial effect of thyroid hormone supplementation
in patients with rapid-cycling and treatment-refractory
bipolar illness. Bauer et al. (20) have speculated that a
“restricted central hypothyroidism” may exist in such
patients, in which CNS thyroid function, but not pe-
ripheral thyroid function, may be abnormal.

Transthyretin is a thyroid hormone-binding protein
that is produced in abundance by the choroid plexus
and is secreted into CSF. Transthyretin is also pro-
duced by the liver and is secreted into blood, where it
appears to play a lesser role in peripheral blood thy-
roid transport than does thyroid-binding globulin. In
humans, transthyretin is known to make up 10%-—
25% of total ventricular protein and is the sole thyroid
hormone-binding protein found at a substantial level
in CSF (21). Therefore, reduced levels of transthyretin
in the brain might disrupt delivery of thyroid hormone
to regions inside the blood-brain barrier, despite ade-
quate thyroid hormone feedback to the hypothalamus
and anterior pituitary to maintain euthyroid peripheral
hormone levels.

In our pilot study examining levels of CSF transthy-
retin in a psychiatric population (22), we found that
eight patients with refractory depression had signifi-
cantly lower levels of transthyretin than nine neurolog-
ical patients serving as control subjects. The present
study involved a new group of depressed patients, in-
cluding treatment-responsive patients, who were com-
pared with healthy subjects. In contrast to the pilot
study, patients with a history of thyroid disease or
treatment with thyroid hormones were excluded.

METHOD

The patients with depression (N=19) were from two sites. Eight
were recruited for an inpatient protocol on transthyretin at the New
York State Psychiatric Institute, New York. The other 11 were pa-
tients who had been admitted to the Western Psychiatric Institute
and Clinic, Pittsburgh, for participation in a study of the risk of at-
tempted suicide in patients with depression (23). Patients at both
sites gave written informed consent for participation in the studies.

The eight patients admitted to the New York State Psychiatric In-
stitute met the DSM-III-R criteria (pp. 218-224) for unipolar major
depressive episode without psychotic features on the basis of a clini-
cal interview. Scores on the 17-item Hamilton Depression Rating
Scale (24) were determined at baseline. Patients were excluded if
they had a history of thyroid disease or recent treatment with thy-
roid hormones or lithium. Patients were maintained free of psycho-
tropic medications for 2 weeks before lumbar puncture, with the ex-
ception of lorazepam for extreme anxiety and insomnia.

Of the 11 patients admitted to Western Psychiatric Institute and
Clinic, 10 met the DSM-III-R criteria for unipolar major depressive
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episode and one for bipolar disorder, depressed phase, on the basis
of the Structured Clinical Interview for DSM-III-R (SCID) (25).
Scores on the 17-item Hamilton depression scale were available for
nine of the 11 patients. All of these patients were medication free for
2 weeks before lumbar puncture, and none had a history of thyroid
disease or recent treatment with thyroid hormones or lithium.

All depressed patients from both institutions had full physical ex-
aminations and laboratory testing including blood chemistries, CBC,
urine toxicology, and ECG.

The comparison subjects (N=24) were also from two sites. Five
subjects were recruited at New York State Psychiatric Institute
through the normal control component of the Mental Health Clini-
cal Research Center (26) and had no history of psychiatric illness or
current psychiatric illness on the basis of the Schedule for Affective
Disorders and Schizophrenia—Lifetime Version (SADS-L) (27) and
clinical interview. All were physically healthy by history and physical
examination, with no clinical or laboratory thyroid abnormalities.
These subjects had been on a monoamine oxidase inhibitor (MAOI)
diet for 24 hours before lumbar puncture and had been in a medica-
tion-free state for at least 1 week.

Nineteen comparison subjects were recruited by the National In-
stitute of Mental Health (NIMH) (laboratory of Dr. Robert M. Post)
through local announcement and had no history of psychiatric ill-
ness or current psychiatric illness on the basis of the SADS-L. None
had a history of or a current major medical illness, including thyroid
disease, and all had normal results on physical examinations. These
subjects had been on an MAOI diet for at least 3 days before lumbar
puncture and had been medication free for at least 1 week.

All depressed patients and comparison subjects fasted after mid-
night the night before lumbar puncture. CSF samples for transthyre-
tin assay were obtained by lumbar puncture between 8:00 a.m. and
9:00 a.m., under sterile conditions with local anesthesia, with pa-
tients in the lateral decubitus position. CSF samples were frozen im-
mediately and stored at =70°C until assay in the laboratory of one
member of the research team (J.H.), who was blind to diagnosis and
subject identity. The CSF samples at each institution were collected,
stored, and shipped in a uniform manner, and only aliquots from the
first 10 ml of the lumbar puncture CSF from each subject were used
for the transthyretin assay.

CSF concentrations of transthyretin were measured in duplicate
by a dot-blot immunoassay. Two hundred milliliters of 1:50 diluted
CSF samples in phosphate-buffered saline (136 mM NaCl, 13.4 mM
Na;HPO4, 1.5 mM KH,POy4, 2.7 mM KCl; pH=7.4) were dot-blot-
ted onto nitrocellulose membrane with use of the Bio-Dot manifold
(Bio-Rad, Hercules, Calif.). The membrane was first blocked with
3% bovine serum albumin (Sigma, St. Louis) and then incubated
with 1:500 dilution of antihuman prealbumin (transthyretin) anti-
body (Boehringer Mannheim, Indianapolis) for 2 hours at room
temperature. After washing three times with phosphate-buffered sa-
line containing 0.05% Tween-20, the membrane was incubated with
1:1000 dilution of peroxidase conjugated anti-rabbit IgG (Sigma)
and developed with 3,3'-diaminobenzidine as substrate. The mem-
brane was scanned immediately with the OneScanner (Apple Com-
puter), and the optical density of each dot was analyzed with the Na-
tional Institutes of Health image program. Twofold serially diluted
human prealbumin (transthyretin; Sigma) was used for the standard
curve. By plotting the logarithm of transthyretin concentration on
the y axis and the optical density on the x axis, the curve was found
to be linear within the limited range of 2-96 ng per dot, with corre-
lation coefficients of more than 0.95. Both standards and samples
were analyzed in duplicate, and the results were calculated as the
mean value. Random samples were assayed repetitively on several
occasions, and the coefficients of variation for between-day analyses
ranged from 4.7% to 10.3% (the latter value is an exceptionally
high coefficient of variation in this range).

We performed preliminary analyses of CSF transthyretin levels,
age, sex distribution, and Hamilton depression scale scores because
the depressed patients and comparison subjects were from three dif-
ferent sites as outlined above (also, see table 1 for the site breakdown
of demographic characteristics). CSF transthyretin levels were not
normally distributed; therefore, we performed a natural log transfor-
mation of this variable to normalize its distribution. The depressed
patients differed in age and Hamilton depression scale scores be-
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TABLE 1. Demographic Characteristics, Hamilton Depression
Scale Scores, and CSF Transthyretin Levels of Depressed Pa-
tients and Healthy Comparison Subjects, By Site

Comparison Depressed
Subjects Patients
Variable and Site (N=24) (N=19)
N % N %
Sex (male/female)
New York State Psychiatric
Institute (N=13) 2/3  40/60 2/6  25/75
Western Psychiatric Institute
and Clinic (N=11) 7/14  64/36
NIMH (N=19) 13/6 68/32
All sites combined (N=43) 15/9 62/38 9/10 47/53
Mean SD Mean SD
Age (years)
New York State Psychiatric
Institute 27.6 4.4 415 120
Western Psychiatric Institute
and Clinic 31.7 10.7
NIMH 299 11.0
All sites combined 348 123 30.8 9.8
17-item Hamilton depression
scale score?
New York State Psychiatric
Institute 30.2 6.3
Western Psychiatric Institute
and Clinic? 227 53
Both sites combined 26.2 6.8
CSF transthyretin level
(mg/liter)®
New York State Psychiatric
Institute 4.67 0.95 5.02 1.77
Western Psychiatric Institute
and Clinic 3.96 1.40
NIMH 797 5.05
All sites combined 7.28 4.69 441 161

2 Scores were significantly different between New York State Psy-
chiatric Institute and Western Psychiatric Institute and Clinic de-
pressed patients (t=2.70, df=15, p<0.02).

b Scores were not available for two patients.

¢ Levels were marginally different between New York State Psychi-
atric Institute and NIMH comparison subjects (t=2.02, df=21, p<
0.06).

mation of this variable to normalize its distribution. The depressed
patients differed in age and Hamilton depression scale scores be-
tween the New York State Psychiatric Institute and Western Psychi-
atric Institute and Clinic sites: the patients from New York State Psy-
chiatric Institute were older and presented with higher Hamilton
depression scale scores. The sex distribution between the sites could
not be adequately assessed. Given the differences just mentioned, we
decided to perform a two-way analysis of covariance (ANCOVA) as-
sessing main effects of diagnosis and sex, with age included as a co-
variate. A two-tailed t test and a chi-square test were used to com-
pare age and sex distribution, respectively, in the depressed and
comparison groups. The relationship between CSF transthyretin
concentration and Hamilton depression score was assessed with
Pearson correlation coefficients.

RESULTS

Demographic characteristics, Hamilton depression
scale scores, and CSF transthyretin data, presented by
recruitment site, are displayed in table 1. The results of
the ANCOVA show that CSF transthyretin concentra-
tions were significantly lower in the depressed patients
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FIGURE 1. Raw CSF Transthyretin Values for Depressed Pa-
tients (N=19) and Comparison Subjects (N=24)2
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2 Horizontal lines represent the group means. CSF transthyretin
levels were significantly lower in the depressed patients (F=5.98,
df=1, 38, p<0.02).

than in the comparison subjects (mean=4.41 mg/liter,
SD=1.61, versus mean=7.28 mg/liter, SD=4.68). A
scattergram of the raw CSF transthyretin values is dis-
played in figure 1. The range of CSF transthyretin lev-
els for the depressed patients was 1.93-7.22 mg/liter,
and for the comparison subjects 2.16-19.67 mg/liter.
There was no significant main effect of sex (F=0.37,
df=1, 38, p=0.55) nor a sex-by-diagnosis interaction
(F=1.42, df=1, 38, p=0.24). Age as the covariate was
also not significant (F=0.12, df=1, 38, p=0.73). Age
and sex were not significantly different (t=1.18, df=41,
p=0.25, and ¢2=0.98, df=1, p=0.32, respectively) be-
tween the pooled normal comparison groups and the
pooled depressed groups. There was a significant dif-
ference in Hamilton depression scale scores between
the patients at the two sites, and there was a marginal
difference in CSF transthyretin levels between the nor-
mal comparison subjects at their two sites (table 1).
The correlation between CSF transthyretin concentra-
tions and Hamilton depression scale scores within the
groups of depressed subjects was not significant, nor
was there such a correlation within the female de-
pressed subgroup. However, within the male depressed
subgroup (N=8), there was a significant inverse corre-
lation between CSF transthyretin levels and Hamilton
depression scale scores (figure 2).

DISCUSSION

We found mean CSF transthyretin levels to be signif-
icantly lower in a group of 19 patients with depression
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than in a group of 24 normal comparison subjects.
This indicates possible CNS hypothyroidism in de-
pressed patients despite apparent euthyroidism indi-
cated by routine peripheral blood thyroid hormone
measures.

Transthyretin, synthesized and secreted into CSF by
the choroid plexus, is a specific thyroxine (T4) trans-
port protein responsible for the uptake of T4 across the
blood-brain barrier and for its distribution throughout
the CNS (28-33). Because transthyretin is a polypep-
tide tetramer that does not readily cross the blood-
brain barrier, the transthyretin found abundantly in
peripheral circulation, synthesized and secreted by
the liver, is entirely distinct from CNS transthyretin.
There is much evidence indicating that CNS thyroid
homeostasis is regulated at least semi-independently
from that in other organ systems (34); therefore,
CNS thyroid dysfunction can be expected not always
to correlate fully with peripheral thyroid status. Al-
teration in CNS thyroid hormone levels has major ef-
fects on serotonergic, adrenergic, and GABA-ergic
systems (35-38).

The present study replicated our earlier finding that
depressed patients have significantly lower levels of
CSF transthyretin than comparison subjects. It is im-
portant to note the major differences between these
two studies (which had no patients in common). The
pilot study included eight patients with treatment-re-
fractory depression, whereas not all patients in the
present study had refractory depression. In the earlier
study four patients had a history of hypothyroidism,
two of whom were receiving thyroid replacement ther-
apy at the time of the study, whereas the current study
excluded any patients with a history, laboratory evi-
dence, or treatment of thyroid disease. The compari-
son group used in this study consisted of normal vol-
unteers rather than patients with neurological disease.
Unlike the previous study, in this study the comparison
group was not significantly different in age and sex
from the depressed group, thereby reducing concerns
about possible influences of these variables on tran-
sthyretin levels.

A substantial drawback of the current study was the
pooling of patients and comparison subjects from
three sources. Importantly, all CSF samples were col-
lected, stored, and shipped in a uniform manner, and
all were analyzed for CSF transthyretin level in the
same laboratory by the same investigator, who was
blind to diagnosis and subject identity. It should be
noted that there was a significant (p<0.02) between-
site difference in Hamilton depression scale scores; the
eight New York State Psychiatric Institute patients had
a mean score that was almost 8 points higher than that
of the 11 Western Psychiatric Institute and Clinic pa-
tients. This difference statistically equaled the differ-
ence in the experimental variable, CSF transthyretin
level, between depressed patients and comparison sub-
jects (p<0.02). Certainly, this laboratory measure ob-
tained in a single laboratory was less liable to between-
site sampling error than the on-site scoring of the
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FIGURE 2. Relationship Between CSF Transthyretin Levels
and Hamilton Depression Ratings Among Male Depressed Pa-
tients (N=8)2
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a Correlation coefficient=—0.72, df=6, p<0.05.

Hamilton depression scale, but there is also the possi-
bility that the depressed patients were different at the
two sites. Indeed, there was also a significant differ-
ence in age between the patients at the two sites. Yet
despite these differences, the CSF transthyretin levels
were equally low at the two sites, supporting the no-
tion that there was institutional bias in the scoring of
the Hamilton depression scale. For these reasons, we
believe that pooling of the patient groups was justi-
fied, and our analysis included age as a covariate.
There was a strong trend for the CSF transthyretin
levels to be different between the two comparison sub-
ject sites, perhaps arguing against pooling of these
groups. However, the small number of comparison
subjects (N=5) from the New York State Psychiatric
Institute site in fact reduced the significance of the
overall finding of higher levels of CSF transthyretin in
the comparison subjects; therefore, omitting these
comparison subjects from the final data analysis was
considered less justifiable.

The possibility exists that diet and weight changes
due to depression could result in unmeasured con-
founding metabolic factors responsible for the differ-
ence in CSF transthyretin levels between groups, al-
though this would not necessarily diminish the
potential importance of the finding. Another concern
is whether the 2-week medication-free period before
lumbar puncture was adequate for psychotropics with
long active metabolite half-lives. In addition, it should
be considered that psychotropic medications might
have effects on transthyretin level that remain longer
than 2 weeks.

It is notable that the standard deviation for CSF
transthyretin levels was much smaller for the depressed
patients in this study than for the comparison subjects.
While the comparison subjects had a wide range of

713



TRANSTHYRETIN IN DEPRESSED PATIENTS

parison group. This raises the question of whether peo-
ple without depression have a capacity to enhance or
up-regulate CSF transthyretin levels, in contrast to a
“ceiling” for such a capacity in people with a depres-
sive disorder. The additional linear inverse correlation
between CSF transthyretin level and Hamilton depres-
sion score that was identified in the male depressed pa-
tients is intriguing and deserves follow-up, although
this finding is quite tentative given the small pooled
sample (N=8).

Future clinical studies should include correlation of
CSF transthyretin levels with CSF TRH, CSF free and
total T3 and Ty, results of a TRH stimulation test, and
possibly also measures of nocturnal TSH secretion. In
addition, measurement of CSF transthyretin in individ-
uals during depression and after recovery from depres-
sion might discern whether a low transthyretin level is
a state or a trait. Finally, clinical study of thyroid hor-
mone augmentation of standard antidepressant treat-
ment should be carried out with pretreatment and
posttreatment measurements of central and peripheral
thyroid parameters, including CSF transthyretin levels.
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