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ABSTRACT

This study aimed to compare “non-treated” versus “levotri-
iodothyronine (LT3)-treated” protocols of short-term hypothy-
roidism induction prior to radioactive iodine (RAI) ablation
therapy in differentiated thyroid cancer (DTC). A total of 120
DTC patients who had thyroxine withdrawal either via 4-week
hypothyroidism induction (non-treated group, n=60) or
2-week administration and then 2-week withdrawal of LT3
(LT3-treated group, n=60) to induce hypothyroid state prior
to RAI ablation after initial surgery were included. Complica-
tions related to hypothyroidism-induction, Beck Depression
Inventory (BDI), Hospital Anxiety-Depression Scale (HADS), and
SF-36 health-related quality of life (HRQoL) scores were record-
ed. In the non-treated group, transition from euthyroid to hy-
pothyroid state was associated with significant increase in the
likelihood of moderate-to-severe depression on BDI (p<0.001),
presence of depression on HADS-D (p<0.001), presence of
anxiety on HADS-A (6.7 % during euthyroid state vs. 33.3%
during hypothyroid state, p<0.001), and major syndrome on
BPRS (0.0 vs. 10.0%, p=0.001) as well as significant decrease
in all SF-36 HRQoL domain scores (p<0.001 for each). In con-
clusion, our findings indicate the likelihood of L3-treatment to
enable a more favorable transition period from euthyroid to
hypothyroid state without experiencing a deterioration in de-
pression, anxiety, or HRQoL.

Introduction

The intense scrutiny of the thyroid gland and widespread use of ul-
trasonography and other modern diagnostic techniques have al-
lowed the discovery of a large reservoir of previously undetectable,
small, and predominantly papillary thyroid tumors [1, 2]. Hence,
the improved population screening within the last decades yield-
ed an over-diagnosis of thyroid cancer, differentiated thyroid can-

cer (DTC) in particular, incidentally on radiological imaging, as con-
sidered to reflect an enhanced detection of subclinical disease rath-
er than an actual increase [2-4]. Accordingly, the health-related
quality of life (HRQoL) of thyroid cancer patients has become of
great concern to clinicians globally, given the increasing survivor
population, a relatively low morbidity of the clinical diagnosis and
the likelihood of unnecessary treatment exposures [4-6].
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The traditional follow-up of DTC comprises periodic surveillance
to detect persistent or recurrent disease with measurement of
tumor marker serum thyroglobulin, neck ultrasonography and total
body scan with RIA for diagnostic and therapeutic purposes, which
necessitates adequately elevated blood levels of thyroid-stimulat-
ing hormone (TSH =30 mU/l) to stimulate sufficient radioactive
3liodine (RAI) uptake [4, 6, 7]. This can be achieved by stopping
levothyroxine (LT4) replacement for at least 3 weeks (thyroxine
withdrawal) or by intramuscular administration of recombinant
human TSH (rhTSH), while alternatively triiodothyronine (LT3) can
be administered for 2 weeks followed by LT3-withdrawal for 2
weeks before RAl in an attempt to decrease the duration of hypo-
thyroidism [4, 6, 7].

Thyroxine withdrawal in preparation for RAlinduces a profound
state of hypothyroidism with associated physical and mental (i. e.,
depression and anxiety) complaints that may interfere severely
with the patient’s activities of daily living and may have a profound
impact on HRQoL [7, 8].

LT3-treatment strategy prior to RAl ablation therapy with short-
er half-life of LT3 is considered a conceptually attractive alternative
to shorten the duration of overt hypothyroidism [7, 8]. However,
there is limited and controversial data regarding the impact of in-
terim LT3 medication prior to RAl ablation therapy on physical and
physiological morbidity among DTC patients as well as the relation
of short-term hypothyroid induction with mood disorders (depres-
sion and anxiety) and HRQoL [7-10].

This study aimed to compare “non-treated” versus “LT3-treat-
ed” protocols of short-term hypothyroidism induction prior to RAI
ablation therapy in DTC patients in terms of hypothyroid compli-
cations, mood disorders (depression and anxiety), and HRQoL be-
fore and after thyroxine withdrawal.

Patients and Methods

Study population

Atotal of 120 patients with DTC (mean+SD age: 49.0 £+ 10.8 years,
80 % were females) who had thyroxine withdrawal to induce hypo-
thyroid state prior to RAl ablation after initial surgery were includ-
ed in this prospective study conducted at a tertiary care hospital.
ATA risk stratification system was used to estimate the risk of per-
sistent/recurrent disease. Patients were divided into two groups
based on characteristics of thyroxine withdrawal period including
those followed without treatment during the entire 4-week hypo-
thyroidism induction period (non-treated group, n=62) (mean +SD
age: 49.7 £11.7 years, 81.7 % were females) and those followed
with 2-week administration and then 2-week withdrawal of LT3
(LT3-treated group, 25 mcg oral twice daily, n=58), mean+SD age:
48.7 +9.9years, 78.3 % were females). Adult patients (over 18 years
of age) with operated DTC (papillary thyroid carcinoma) and avail-
able data on clinical and laboratory findings related to induction
period during their follow up at internal medicine and endocrine
clinics were included in the study. llliteracy, < 18 years or>65 years
of age and presence of comorbid diseases (i. e., malignancy, diabe-
tes mellitus, hepatic failure, kidney failure, hypertension), mental
retardation, severe psychotic disorder, organic mental disorder,
previous psychiatricillnesses such as depression, anxiety and treat-

ments such as anxiolytics and antidepressants or alcohol and sub-
stance abuse were the exclusion criteria.

Written informed consent was obtained from each following a
detailed explanation of the objectives and protocol of the study
which was conducted in accordance with the ethical principles stated
in the “Declaration of Helsinki” and approved by the institutional
ethics committee.

Study parameters

Data on patient demographics (age, gender), body mass index (BMI,
kg/m?2), complications of hypothyroidism, psychometricinstruments
including Beck Depression Inventory (BDI), Hospital Anxiety-Depres-
sion Scale (HADS) and SF-36 health related quality of life (SF-36
HRQol) scores, tumor diameter and serum levels for triiodothyro-
nine (T3), thyroxine (T4), thyroid stimulating hormone (TSH), thy-
roglobulin (TG) and anti-thyroglobulin (anti-TG) were recorded in
each patient. Patients were evaluated twice during euthyroid state
under regular use of thyroxine therapy and during hypothyroid state
achieved (with or without LT3 treatment) at the time of RAl ablation
planning. Accordingly, patient demographics and hypothyroid com-
plications were evaluated with respect to thyroxine withdrawal
method applied for induction of hypothyroid state (non-treated vs.
LT3-treated), while psychometrics were evaluated with respect to
thyroid status (euthyroid vs. hypothyroid state) and thyroxine with-
drawal method applied forinduction of hypothyroid state (non-treat-
ed vs. LT3-treated). In addition, serum levels for thyroid hormones
measured in the euthyroid and hypothyroid state and the tumor di-
ameter were also evaluated with respect to presence vs. absence of
depression and/or anxiety based on BDI and HADS categories.

Beck depression inventory (BDI)

BDlis a 21-item self-reporting questionnaire for evaluating the level
and change in severity of depression for the past two weeks based
on physical, emotional, cognitive and motivational symptoms [11].
Each item is scored on a 4-point scale from 0 (no symptom) to 3
(severe symptoms), while the total score achieved by adding the
highest ratings for all 21 items ranges from 0 to 63 with higher
scores indicating greater symptom severity [11]. Based on the total
score individuals are categorized to have severe depression (scores
30-63), moderate depression (scores 19-29), mild depression
(scores 10-18) and minimal level of depression (scores 0-9) [11].
The reliability and validity analysis of Turkish version of BDI was per-
formed by Hisliin 1989 [12].

Hospital anxiety-depression scale (HADS)

The HADS, developed by Zigmond and Snaith [13] is a fourteen
item [seven relate to anxiety (HADS-A) and seven relate to depres-
sion (HADS-D)] scale used to screen anxiety and depression in med-
ical outpatient settings [13]. Each item on the questionnaire is
scored from 0-3 leading overall score to range between 0 and 21
for either anxiety or depression as categorized into normal (scores
0-7), borderline abnormal (scores 8-10) and abnormal (scores 11—
21) status [13]. HADS was adapted to Turkish by Aydemir [14].

SF-36 HRQolL

The 36-item Short-form Health Survey (SF-36) is a self-adminis-
tered questionnaire that measures Health-Related Quality of Life
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across eight domains including physical functioning, physical and
emotional role limitations, bodily pain, general health perception,
vitality, social functioning and mental health [15]. Total scores
range from 0 to 100 with higher transformed scores indicating bet-
ter health status [15].

Statistical analysis

Statistical analysis was made using IBM SPSS Statistics for Windows,
version 17.0 (IBM Corp., Armonk, NY, USA). Chi-square (x2) test was
used for the comparison of categorical data, while numerical data
were analyzed using independent sample t-test. Change over time
was evaluated by the Wilcoxon test. Correlation analysis was per-
formed via Spearman and Pearson tests. Data were expressed as
mean = standard deviation (SD), median (minimum-maximum) and

percent (%) where appropriate. p-Value <0.05 was considered sta-
tistically significant.

Results

Patient demographics and complications related to
hypothyroidism-induction

Non-treated (mean+SD age: 49.3+11.7 years, 81.7 % were fe-
males) and LT3-treated (mean = SD age: 48.7 £9.9 years, 78.3%
were females) groups were homogenous in terms of patient’s de-
mographics. Apart from the hearing loss and slowed movements,
all hypothyroid complications were significantly more common in
non-treated vs. LT3-treated groups during the hypothyroid state
(pranged 0.032t0<0.001) (> Table 1).

> Table 1 Patient demographics and complications related to hypothyroidism-induction.

Patient characteristics

Age (year), mean £SD

Gender, n (%)

Female

Male

BMI (kg/m2), mean +SD
Hypothyroid complications, n (%)
Hypohydrosis Euthyroid state
Hypothyroid state
Hoarse voice Euthyroid state

Hypothyroid state

Numbness Euthyroid state
Hypothyroid state
Dry skin Euthyroid state

Hypothyroid state
Constipation Euthyroid state

Hypothyroid state

Weight gain Euthyroid state
Hypothyroid state
Hearing loss Euthyroid state

Hypothyroid state
Slowed movements Euthyroid state
Hypothyroid state
Edema Euthyroid state

Hypothyroid state
Skin thickening Euthyroid state
Hypothyroid state
Cold skin Euthyroid state

Hypothyroid state

Short-term hypothyroidism induction

Non-treated (n=62) LT3-treated (n=58) p-Value

493+11.7 48.7+9.9 0.769"
49 (81.7) 47 (78.3) 0.8202
11(18.3) 13 (21.7)

28.0£4.5 28.9+4.4 0.227"
0(0.0) 0(0.0) =
8(13.3) 1(1.7) 0.032
0(0.0) 0(0.0) =
31(51.7) 12 (20.0) 0.001
1(0.8) 0(0.0) -

35 (58.3) 4(6.7) <0.001
0(0.0) 0(0.0) =

54 (90.0) 19 (31.7) <0.001
0(0.0) 0(0.0) =

50 (83.3) 19 (32.2) <0.001
0(0.0) 0(0.0) =

41 (68.3) 11(18.3) <0.001
0(0.0) 0(0.0) =

6 (10) 1(1.7) 0.114
0(0.0) 0(0.0) =

51 (85.0) 41 (68.3) 0.051
0(0.0) 0(0.0) =

50 (83.3) 14 (23.3) <0.001
0(0.0) 0(0.0) =

24 (40.0) 0(0.0) <0.001
0(0.0) 0(0.0) =

21 (35.0) 1(1.7) <0.001

BMI: Body mass index; LT3: Triiodothyronine.; ' Independent samples t test, 2 Chi-square test.
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Serum levels for thyroid hormones in euthyroid and
hypothyroid state in study groups

In the euthyroid state, non-treated versus LT3-treated patients had
significantly lower serum levels for T4 [1.4 (0.1-2.8) vs. 1.5 (0-2.4),
p=0.026] and higher levels of anti-TG [1.7 (0.6-74.6) vs. 1.0 (0-
108.9), p=0.001] (> Table 2).

In the hypothyroid state, non-treated versus LT3-treated pa-
tients had significantly higher serum levels for T4 [0.4 (0.4-1) vs.
0.4(0.4-0.5), p=0.021], TSH [79 (34.4-100) vs. 56.8 (30.8-100),
p=0.012] and anti-TG [1.4 (0.3-51.1) vs. 0.8 (0.3-97.1), p=0.005].
No significant difference was noted between non-treated and LT-3
treated patients in terms of serum T3 levels in the euthyroid and
hypothyroid state (> Table 2).

Psychometrics with respect to thyroid status and
thyroxine withdrawal method

During the euthyroid state, no significant difference was noted be-
tween non-treated and LT3-treated groups in terms of BDI (likeli-
hood of moderate-to-severe depression in 10% and 5.0 % of pa-
tients, respectively), HADS-D (presence of depressionin 18.3 % and
15.0 %, respectively) and HADS-A (presence of anxiety in 6.7 % and
13.3%, respectively) (> Table 3).

During the hypothyroid state, non-treated vs. LT3-treated group
of patients had significantly higher likelihood of moderate-to-se-
vere depression based on BDI (23.3vs. 8.4%, p=0.034) and depres-
sion based on HADS-D (45.0vs. 25.0 %, p=0.035) (> Table 3).

SF-36 HRQol revealed significantly higher role-physical score
(p=0.002), bodily pain score (p=0.010), vitality score (p=0.028),
social functioning score (p=0.040) and mental health score
(p=0.044) in the non-treated vs. LT3-treated groups during the eu-
thyroid state, whereas in the hypothyroid state the two groups had
similar SF-36 HRQolL scores for each domain (> Table 2).

In the non-treated group, transition from euthyroid to hypothy-
roid state was associated with significant increase in the likelihood
of moderate-to-severe depression on BDI (from 10.0% to 23.3 %,
p<0.001), presence of depression on HADS-D (from 18.3 % to
45.0%, p<0.001) and presence of anxiety on HADS-A (from 6.7 %
to 33.3%, p<0.001) as well as significant decrease in all SF-36
HRQoL domain scores (p<0.001 for each) (> Table 3).

In the LT3-treated group, no significant change occurred during
transition from euthyroid to hypothyroid state in the likelihood of
moderate-to-severe depression on BDI (from 5.0% to 8.4 %,
p=0.428), presence of depression on HADS-D (from 15.0t0 25.0%,
p=0.056) and presence of anxiety on HADS-A (from 13.3% to
20.0%, p=0.096) as well as in SF-36 HRQoL domain scores (p>0.05
for each) (> Table 3).

Serum thyroid hormone levels and the tumor
diameter with respect to BDI and HADS scores

In the non-treated group, T3 [3.7 (3-4.1) vs. 3.0 (1.8-4), p<0.001]
and T4 [1.6 (1.3-2.8) vs. 1.4 (1.1-2.4), p=0.007] levels were sig-
nificantly higherin those with versus without HADS based depres-
sion during euthyroid state, while no significant difference was
noted in serum thyroid hormone levels with respect to BDI and
HADS-A findings. In the hypothyroid state, serum thyroid hormone
levels did not differ significantly with respect to BDI, HADS-D and
HADS-A findings (> Table 4).

> Table 2 Serum levels for thyroid hormones in euthyroid and hypo-
thyroid state in study groups.

Non-treated LT-3 treated p-
(n=62) (n=58) Value
Thyroid hormone Median Median
levels (min-max) (min-max)
3 euthyroid 3.1(1.8-4.1) 3.1 (2-4.5) 0.609
hypothyroid 1 (1-11) 1(1-2.5) 0.290
T4 euthyroid 1.4(0.1-2.8)  1.5(0-2.4) 0.026
hypothyroid 0.4 (0.4-1.0) 0.4 (0.4-0.5) 0.021
TSH euthyroid 0(0-2.9) 0(0-1.3) 0.074
hypothyroid 79 (34.4-100)  56.8 (30.8-100)  0.012
Anti-TG  euthyroid 1.7 (0.6-74.6) 1(0-108.9) 0.001
hypothyroid 1.4 (0.3-51.1) 0.8 (0.3-97.1) 0.005
TG euthyroid 0.2 (0-0.7) 0.2 (0.2-1.4) 0.599
hypothyroid ~ 0.2 (0.2-2.4) 0.2 (0.2-0.7) 0.089

T3: Triiodothyronine; T4: Thyroxine; TSH: Thyroid stimulating
hormone; TG: Thyroglobulin; anti-TG: Anti-thyroglobulin.

In the L3-treated group, other than significantly higher serum
Anti TG levels in patients with vs. without HADS based depression
in the euthyroid state, no significant difference was noted in serum
thyroid hormone levels with respect to BDI, HADS-D and HADS-A
findings in either euthyroid or hypothyroid state (> Table 4).

SF-36 HRQol scores with respect to gender, age,
tumor diameter in euthyroid and hypothyroid states

Physical functioning, general health and vitality scores were signif-
icantly higher in males than in females both in the euthyroid state
(p=0.034,p=0.003, and p=0.002, respectively) and hypothyroid
state (p<0.001, p=0.005, and p=0.009, respectively). Social func-
tioning (p=0.008), role-emotional (p<0.001), and mental health
(p=0.019) scores were also higher in males versus females in the
hypothyroid state (> Table 5).

SF-36 HRQol scores were not correlated with tumor diameter
in euthyroid state, while there was a slightly positive correlation
between vitality and tumor diameter (r=0.184, p=0.045) in the
hypothyroid state (> Table 6). SF-36 HRQoL scores were not corre-
lated with age in the hypothyroid state, while bodily pain was neg-
atively correlated with age (r=-0.217, p=0.017) in the euthyroid
state (> Table 6).

Discussion

Our findings revealed considerable disadvantages of using “no
treatment strategy” compared to “LT3 treatment strategy” during
short-term hypothyroidism induction prior to RAI ablation thera-
py in patients with DTC. Non-treated patients had higher likelihood
of experiencing hypothyroid complications and depression than
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> Table 3 Psychometrics with respect to thyroid status and thyroxine withdrawal method applied for induction of hypothyroid state.

Non-treated (n=62) (A)

Euthyroid Hypothyroid p-Value!
state state
BDI category, n( %)
Minimal level of depression 44 (73.3) 30 (50.0) <0.001
(scores 0-9)
Mild depression (scores 10 (16.7) 16 (26.7)
10-18)
Moderate depression 4(6.7) 11(18.3)
(scores 19-29)
Severe depression (scores 2(3.3) 3(5.0)
30-63)
HADS-D, n (%)
Depression absent (<8) 49 (81.7) 33 (55.0) <0.001
Depression present (>8) 11(18.3) 27 (45.0)
HADS-A, n (%)
Anxiety absent (<11) 56 (93.3) 40 (66.7) <0.001
Anxiety present (>11) 4(6.7) 20(33.3)
SF-36 HRQoL Scores, mean+SD
Physical functioning score 86.6116.1 68.4+23.9 <0.001
Role-physical score 90.2+19.3 66.2+31.2 <0.001
Bodily pain score 83.7+£18.6 68.0+£26.0 <0.001
General health score 69.1+£17.0 54.9+18.1 <0.001
Vitality score 67.5+17.4 54.9+20.5 <0.001
Social functioning score 87.5+£18.3 72.9+23.7 <0.001
Role-emotional score 79.7£28.1 63.0£32.3 <0.001
Mental health score 71.5+16.5 58.1+£17.0 <0.001

LT3-treated (n=58) (B) p-Value (A vs. B)

Euthyroid Hypothyroid p-Value! Euthyroid  Hypothy-
state state roid
46 (76.7) 45 (75.0) 0.428 0.5252 0.0342
11(18.3) 10 (16.7)

3(5.0) 4(6.7)

0(0.0) 1(1.7)

51 (85.0) 45 (75.0) 0.056 0.3332 0.0352
9(15.0) 15 (25.0)

52(96.7) 48 (80.0) 0.096 0.2772 0.1402
8(13.3) 12 (20.0)

80.9+18.8 77.4£20.8 0.156 0.0763 0.0303
73.2+35.8 69.4+39.3 0.457 0.0023 0.6233
74.1+21.5 68.5+23.7 0.067 0.0103 0.9153
62.9+15.8 59.5+18.1 0.093 0.0413 0.173
60.8+15.7 59.7+19.0 0.499 0.0283 0.1883
80.2+19.9 74.9+21.2 0.109 0.0403 0.6423
65.0+31.9 58.1+38.9 0.178 0.0093 0.4533
62.9+15.3 61.6+x17.4 0.429 0.0043 0.2553

BDI: Beck Depression Inventory; HADS: Hospital Anxiety-Depression Scale; A: anxiety; D: depression; HRQoL: Health related quality of life;
LT3: Triiodothyronine.; ! Wilcoxon text; 2 Chi-square test; 3 Independent samples t-test.

LT3-treated patients, as well as the marked deterioration in HRQoL
and increased risk of experiencing depression, anxiety and major
syndrome during transition from euthyroid to hypothyroid state.
Also, the interactions between thyroid hormones and depression/
anxiety seem to be stronger during the euthyroid rather than hy-
pothyroid state along with stronger adverse impact of hypothyroid
state on HRQoL among females.

Similarly, previous studies indicated the association of tradition-
al thyroid hormone withdrawal with hypothyroid symptoms such
as fatigue, lethargy, cold intolerance, weight gain and non-pitting
edema, as well as with the concomitant psychological morbidity
(i. e., depression) which in turn frequently impair the patient QoL
[4,16,17].

In the current study, all domains of SF-36 HRQoL deteriorated
during hypothyroid state in the non-treated group, while no change
in SF-36 HRQoL scores from euthyroid to hypothyroid state was ap-
parent in the LT3-treated group. Moreover, non-treated patients
were initially had higher SF-36 HRQoL scores (role-physical, bodily

pain, vitality, social functioning and mental health) than LT3-treat-
ed group during the euthyroid state. Likewise, in a study with 29
DTC patients, QoL was reported to deteriorate after short-term hy-
pothyroidism, especially in physical health and psychological di-
mensions, along with increase in patient’s being feeling depressed
and anxious after thyroxine withdrawal [18]. In a cross-sectional
study evaluating the SF-36, HADS, BDI and Profile of Mood States
(POMS) in 136 DTC patients on thyroid hormone withdrawal for RAI
compared to the general population, hypothyroid patients were
reported to have significantly impaired HRQoL, higher prevalence
of anxiety (62.5 %) but not depression (17.9%) [19]. The authors
concluded that HRQolL is severely impaired in DTC patients under
short-term hypothyroidism, with depression and anxiety as the po-
tential predictors of HRQoL impairment [19]. In our study, hypo-
thyroid versus euthyroid state was associated with significant in-
crease in the likelihood of depression and anxiety and deterioration
in HRQoL, while deterioration in social functioning, role-emotional
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> Table 5 SF-36 HRQoL scores with respect to gender and in euthyroid and hypothyroid states.

Euthyroid

Female Male
SF-36 HRQoL scores
Physical functioning 85 (15-100) 95 (50-100)
Role-physical 100 (0-100) 100 (25-100)
Bodily pain 74 (22-100) 100 (52-100)
General health 66 (15-100) 72 (45-97)
Vitality 60 (20-100) 75 (55-100)
Social functioning 100 (37.5-100) 87.5 (37.5-100)
Role-emotional 66.7 (0-100) 83.4 (1-100))
Mental health 64 (28-100) 69 (44-92)

Hypothyroid
p-Value Female Male p-Value
0.034 70 (5-100) 92.5 (25-100) <0.001
0.210 75 (0-100) 100 (50-100) <0.001
0.003 62 (10-100) 92 (0-100) <0.001
0.031 52 (0-100) 72 (30-92) 0.005
0.002 55 (0-100) 65 (20-100) 0.009
0.899 75 (10-100) 87.5 (38-100) 0.008
0.450 66.7 (0-100) 100 (6.7-100) <0.001
0.411 58 (10-100) 66 (52-90) 0.019

Data are expressed as median(min-max); HRQoL: Health related quality of life.; Mann-Whitney U-test.

> Table 6 Correlation of SF-36 HRQoL scores with age and tumor diameter in euthyroid and hypothyroid states.

Euthyroid state

Hypothyroid state

Age Tumor diameter Age Tumor diameter

SF-36 HRQoL scores nLp r,p r,p r,p

Physical functioning -0.117,0.120 0.159, 0.084 -0.128, 0.165 0.063, 0.491
Role-physical -0.075,0.414 0.002, 0.982 -0.135, 0.141 -0.022,0.812
Bodily pain -0.217,0.017 0.085, 0.353 -0.130, 0.157 0.099, 0.282
General health -0.054, 0.555 0.138, 0.132 -0.103, 0.262 0.167, 0.069
Vitality -0.156, 0.089 -0.020, 0.831 -0.088, 0.338 0.184, 0.045
Social functioning -0.088, 0.338 -0.009, 0.918 -0.008, 0.933 0.024, 0.792
Role-emotional -0.058, 0.528 0.044, 0.630 0.036, 0.695 -0.123,0.180
Mental health 0.059, 0.523 0.007,0.940 -0.038, 0.681 -0.038, 0.681

HRQoL: Health related quality of life; r: Correlation coefficient.

and mental health specific to hypothyroid state was evident par-
ticularly among female patients.

In a study with 18 DTC patients, impaired mental health, gen-
eral health and social function domains of SF-36 and worsening of
affective and physical symptoms were reported during chronic sup-
pressive levothyroxine therapy [20]. The authors concluded that
the QoL and psychometric functionality in patients with DTCis not
only affected by thyroxine withdrawal but also by long-term treat-
ment with chronic suppressive doses of levothyroxine [20]. Indeed,
our findings revealed the association of higher thyroid hormone
levels with increased likelihood of depression and anxiety during
euthyroid state in the non-treated group.

In the current study, non-treated and LT-3-treated DTC patients
had similar rates of possible depression (26.7 % and 23.3 %; mod-
erate-to-severe in 10.0 % and 5.0 %, respectively) and anxiety (6.7 %

and 13.3 %, respectively) in the euthyroid period, whereas
non-treated DTC patients showed significantly higher rates of pos-
sible depression (50.0 % and 25.0 %; moderate-to-severe in 23.3%
and 8.4 %, respectively) and a non-significant trend for increased
anxiety (33.3% and 20.0 %, respectively) in the hypothyroid peri-
od. Previous studies revealed that patients with thyroid cancer have
different degrees of depression (range 17.9% to 43.3 %) and anxi-
ety (range, 45.1% to 62.5%) [19, 21, 22], while in patients under-
going thyroxine withdrawal, the overall anxiety and depression
prevalence was reported to be 63 % and 17 %, respectively [19, 21].
While hypothyroidism is considered to represent an unrecognized
risk factor with a marked potential to severely affect mental health,
by increasing the age- and gender-adjusted risk for critical mood
deterioration by seven-fold [23], patients’ psychological flexibility
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is also an important factor that negatively correlates with depres-
sion and anxiety and dramatically affects patients’ QoL [21, 24].

Exact mechanisms underlying the interaction between thyroid
function and depression remain unknown [25]. Although patients
with thyroid disorders are considered to be more prone to develop
depressive symptoms, depression is also suggested to be accom-
panied by various subtle thyroid abnormalities, including elevated
T4 levels, low T3, elevated rT3, a blunted TSH response to TRH or
positive anti-thyroid antibodies [25]. Notably, T3 and or T4 levels
were significantly higher in our non-treated patients with depres-
sion or anxiety in the euthyroid state, whereas during the hypothy-
roid state, thyroid hormone levels did not differ significantly with
respect to BDI, HADS-D and HADS-A in both non-treated and
L3-treated groups.

Our findings indicate association of thyroxine withdrawal peri-
od with an increased frequency of depression and anxiety along
with a significantly reduced HRQoL. In this regard, using LT3 treat-
ment strategy during hypothyroidism induction prior to RAl abla-
tion therapy seems to be a favorable alternative in DTC patients in
terms of avoiding the adverse consequences of no treatment strat-
egy (i.e., emergence of hypothyroid complications, depression and
anxiety, and deterioration in QolL).

However, some studies also indicated no further impact of LT3
treatment strategy over thyroxine withdrawal in terms of QoL
measures [8,26]. In a study with 291 patients after total thyroid-
ectomy, ablation preparation using withdrawal of LT3 for 2 weeks
was reported to be similar to 4 weeks LT4 withdrawal alone, and
not to prevent development of profound hypothyroidism [26]. In
a prospective study with patients having withdrawal of thyroxine
(n=37) or T3 supplementation (n=33) the assessment of HRQoL
revealed the equivocal benefit of two approaches with no signifi-
cant benefit of LT3 supplementation over thyroxine withdrawal in
terms of HRQoL, except for the emotional domain (QLQ-C30) [8].
Therefore, the authors have suggested developing other alternate
strategies to minimize the impact on HRQoL of reduction in the du-
ration of hypothyroidism in thyroxine withdrawal [8].

In addition, on the basis of association of later periods of thyrox-
ine withdrawal with more severe decline in the HR-QolL, and
achievement of required TSH levels (=30 mU/I) in majority of DTC
patients by the third week, implementation of a shorter (2 or 3
weeks) thyroxine withdrawal is suggested to minimize the impact
on HRQoL [27,28]. Use of rhTSH as opposed to thyroxine withdraw-
al has also been suggested to an alternate strategy to prevent overt
hypothyroidism and to diminish the adverse effects of thyroxine
withdrawal in DTC patients, particularly in terms of relatively im-
proved HRQolL [4,5,17].

Certain limitations to this study should be considered. First, due
to single center design of the present study, generalizing our find-
ings to overall DTC population seems difficult. Second, lack of data
on hemodynamic and cardio-metabolic parameters is another limi-
tation, which otherwise would extend the knowledge achieved in
the current study.

Conclusion

In conclusion, our findings indicate the association of hypothyroid
state induced by thyroxine withdrawal with an increased frequen-

cy of hypothyroid complications and increased likelihood of depres-
sion and anxiety along with a significantly reduced HRQoL. L3-treat-
ment seems to enable a more favorable transition period from eu-
thyroid to hypothyroid state without experiencing a deterioration
in depression anxiety or HRQoL. In addition, the interactions be-
tween thyroid hormones and depression/anxiety seem to be
stronger in euthyroid state, along with stronger adverse impact of
hypothyroid state on HRQolL among females. In this regard, LT3
treatment strategy seems to be a favorable alternate to no-treat-
ment strategy in operated DTC patients (females in particular) prior
to RAl ablation therapy in achieving ablation without the detrimen-
tal symptoms of overt short-term hypothyroidism induced by thy-
roxine withdrawal, avoiding the associated risk of mood disorders
such as depression and anxiety and the deterioration in HRQolL.
Further large scale longitudinal studies are needed to identify the
long-term effects of different hypothyroidism induction strategies
used before RAl ablation therapy in DTC patients.
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