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Abstract

Background: Cancer-related fatigue is one of the most important issues for patients, but 
research on this topic is sparse. This study aimed to determine the prevalence of fatigue 
in postoperative patients with papillary thyroid carcinoma (PTC) and to identify the 
clinical features associated with fatigue.
Methods: We conducted a cross-sectional study on 292 thyroid cancer survivors. Fatigue 
and quality of life were the study outcomes, measured using the Cancer Fatigue Scale 
(CFS) and the SF-36 version 2.0. Furthermore, correlations of demographic characteristics 
and hormonal data with the CFS scores were assessed by univariable and multivariable 
analyses.
Results: The prevalence of fatigue was 41.8% (95% CI: 36.1, 47.5). The CFS score was 
significantly correlated with the free T3 level (Pearson’s r = −0.123, 95% CI: −0.234, 
−0.008). Multiple regression analysis revealed that the free T3 level and having a job 
were significant predictors of the CFS score, with unstandardized regression coefficients 
of −2.52 (95% CI: −4.94, −0.09) and 2.85 (95% CI: 0.49, 5.20), respectively. The median 
Z-scores were negative for General Health (−0.28) and Vitality (−0.15) subscales of the 
SF-36. The CFS score was a significant predictor of summary scores of the SF-36. The free 
T3 level was significantly associated with the physical component summary score with an 
unstandardized coefficient of 3.20 (95% CI: 0.77, 5.63).
Conclusions: Fatigue was prevalent and associated with poor quality of life among PTC 
survivors. Thyroid functional status, particularly the level of free T3, may be worth to be 
considered in alleviating the burden.

Introduction

Differentiated thyroid carcinoma is the most common 
malignancy of the endocrine organs and is increasing 
in incidence (1). In the United States, the age-adjusted 
incidence of thyroid cancer increased from 3.6 per 
100,000 in 1973 to 14.3 per 100,000 in 2009, while the age-
adjusted mortality from differentiated thyroid carcinoma 
has remained unchanged (2, 3). The disease burden has 
followed the same trend in Japan. In 2017, the number 

of patients newly diagnosed with thyroid cancer was 
estimated to be 18,090, and its corresponding age-adjusted 
incidence was 10.8 per 100,000 (https://ganjoho.jp/reg_
stat/index.html).

Since papillary thyroid carcinoma (PTC) accounts 
for >80% of all thyroid cancer cases, the disease burden 
poses paramount importance for society and individuals. 
Most patients with PTC have a good prognosis, whereas 
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a few may experience recurrence or even death (4, 5). 
In addition to the oncologic events, subjective sequelae 
following diagnosis and treatment, such as quality of life 
or psychological burden, are essential concerns for cancer 
survivors (6, 7). Besides, labelling people with diagnoses 
may itself could be harmful to psychological well-being  
(8, 9). Some thoughtful clinicians may take these issues into 
consideration in daily practice, but few clinical researchers 
have addressed such ‘soft’ outcomes in patients with PTC.

The National Comprehensive Cancer Network defines 
cancer-related fatigue as a distressing, persistent, subjective 
sense of physical, emotional, and/or cognitive tiredness 
or exhaustion related to cancer and/or cancer treatment 
that is not proportional to recent activity and interferes 
with normal functioning (10, 11). Cancer-related fatigue is 
one of the most common adverse consequences of cancer 
diagnosis and treatment, with the estimated prevalence 
ranging from 17 to 99% depending on the definition 
and measurement of cancer-related fatigue, the mode 
and timing of cancer treatment, and the population 
(i.e. specific disease) (12, 13). Sawka et  al. stated in their 
scoping literature review that long-term fatigue is a 
common problem among thyroid cancer survivors, with 
the prevalence ranging from 28 to 62% (14). They argued 
a need for more research on persistent post-treatment 
fatigue in thyroid cancer survivors, including studies 
examining the severity, prevalence, modifying factors, 
natural history, and associated impact on quality of life. 
One unresolved question is whether the fatigue is due 
to thyroid dysfunction. Patients with fatigue often ask, 
‘Does this fatigue have something to do with my thyroid?’ 
Few studies have specifically addressed the relationship 
between biochemical data and fatigue in thyroid cancer 
survivors. A randomized controlled trial revealed that 
restoration of euthyroidism from thyroid-stimulating 
hormone (TSH) suppression therapy did not affect patient-
reported outcomes, as measured by the Multidimensional 
Fatigue Index-20 (15). A cross-sectional study showed 
that the levels of free triiodothyronine (fT3) and free 
thyroxine (fT4) were not significantly associated with 
the Brief Fatigue Inventory score among thyroid cancer 
survivors (16). A retrospective longitudinal study found 
that the complaints, including fatigue or tiredness, of 
levothyroxine-treated patients were significantly related to 
a low concentration of fT3 (17).

The objectives of the present study were to determine 
the prevalence of fatigue among postoperative patients 
with PTC and to identify the clinical features associated 
with fatigue. Specifically, our four research questions 
are as follows: (i) What is the prevalence of fatigue 

among postoperative PTC patients without recurrence?  
(ii) Is there any relationship between fatigue and clinical 
characteristics, including thyroid function? (iii) Do PTC 
patients feel impaired in health-related quality of life 
(HR-QOL) compared with the general population? (iv) 
What is the magnitude of the association between fatigue 
and HR-QOL after controlling for other clinical parameters?

Materials and methods

Design and patients

We conducted a cross-sectional study of patients with 
PTC who visited the outpatient clinic for postoperative 
follow-up between June 2018 and June 2019. Inclusion 
criteria were patients who underwent initial treatment at 
our hospital, had no signs of persistent or recurrent disease, 
and were 16 years or older at the time of consent. Patients 
who had persistent/recurrent PTC or a history of other 
malignant diseases and those deemed unsuitable as study 
subjects were excluded.

Observations and measurements

At the time of the outpatient follow-up, we asked the 
participants to fill out two questionnaires, the Cancer 
Fatigue Scale (CFS) and SF-36 version 2.0, to assess clinical 
fatigue and HR-QOL, respectively.

The CFS is a 15-item scale used to assess fatigue in 
cancer patients at the time of the survey (‘right now’), with 
total scores ranging from 0 (no fatigue) to 60 (maximum 
fatigue). It has three subscales, physical, affective, and 
cognitive, with maximum scores of 28, 16, and 16, 
respectively. Okuyama et  al. demonstrated the validity 
and reliability of the CFS (18). They set a cut-off value of 
19, which had a sensitivity of 71% and specificity of 74%, 
for detecting clinical fatigue (19). The CFS showed good 
reproducibility (test–retest reliability r = 0.69, P < 0.001) 
and good internal consistency (Cronbach’s α for all 15 
items = 0.88) (18).

The SF-36 is a questionnaire to measure generic 
HR-QOL consisting of eight subscales translated into three 
component summary scales. Its Japanese version was 
developed and validated (20, 21). Fukuhara et al. conducted 
two surveys to establish the national norm, the first using 
version 1.2 in 1995 and the second using version 2.0 in 
2002 (22, 23, 24).

We also obtained the following information from each 
participant on the day of the survey: age, sex, time since 
initial treatment, TNM class, surgical procedure, use of 
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levothyroxine, use of radioiodine therapy, comorbidities, 
work status, marital status, cohabitation status, and serum 
levels of TSH, fT3, and fT4.

Serum levels of TSH, fT3, and fT4 were measured by 
means of the electrochemiluminescence immunoassay 
(Elecsys, Roche Diagnostics KK). The intra-assay coefficient 
variations were 0.49–0.99% for TSH assay, 0.97–2.58% 
for fT3 assay, and 1.24–1.71% for fT4 assay. The reference 
values were 0.38–4.30 µIU/mL for TSH, 2.40–4.00 pg/mL 
for fT3, and 0.94–1.60 ng/dL for fT4.

Statistical analysis

The sample size was determined to make the width of a 
95% CI of the prevalence to be 10%. Based on the normal 
approximation method, the width of the expected CI was 

2 1 96
1

´ ´
-( )
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p p

n
, where n denotes the required sample size 

and π denotes the expected prevalence (25). Assuming a 
30% prevalence of fatigue based on a literature review, the 
required sample size was calculated as 323.

We summarized the patient characteristics and scores 
on the questionnaires using descriptive statistics. For each 
patient, we calculated the Z score for each subscale of the 
SF-36 by referring to the national norms stratified by sex and 
age (<29, 30–39, 40–49, 50–59, 60–69, and 70–79 years). We 
defined a significantly impaired SF-36 domain as a subscale 
Z score ≤−1.96. To explore the relationships between clinical 
fatigue and other variables including HR-QOL, we employed 
the chi-square test (or Fisher’s exact test) for categorical 
variables and unpaired t-test or correlation analysis using 
Pearson’s r for numerical variables. A multiple regression 
model using the CFS score as a dependent variable was used 
to examine the relationships between clinical fatigue and 
potential effect modifiers. We further explored the effects 
of clinical fatigue on the summary scores of the SF-36 
using multiple regression analyses. An iterative approach 
was adopted to select appropriate covariates to maximize 
adjusted R2 values or to minimize the root mean square error 
of the models. We used jamovi 1.6.23, which is built on top 
of the R statistical package, for the statistical computations 
(https://www.jamovi.org/). We set a two-sided P-value of 
<0.05 to indicate the statistical significance of type I error.

Ethical considerations

The Ethics Committee of Tokyo Women’s Medical 
University approved this study (no. 4791). Each patient 
provided their written informed consent before 
participating in the study.

Results

Patient and disease characteristics

Of 321 patients who consented to participate in the study, 
29 were excluded for the following reasons: extremely high 
TSH level (n = 2) and extremely high fT3 level (n = 1) who 
did not take levothyroxine as prescribed, no measurement 
of the TSH, fT3, or fT4 serum level (n = 20), and aged >80 
years (n = 6; national norm data for HR-QOL measurements 
are not available for this age group). The remaining 292 
patients were included in the analysis.

Table 1 shows the clinicopathological characteristics 
of the study participants. The mean age was 57.0 years 
(range 23–79 years), and the median time since the initial 
treatment was 6.3 years (interquartile range: 3.0–12.8). Of 
the 292 respondents, more than 80% were women, and 
79.8% were married; 256 (87.7%) patients were living with 
family members, 162 (55.5%) had a job, and 172 (58.9%) 
had comorbidities. More than half of the participants 
had stage I (59.9%) or pT1/pT2 (64.4%) disease, and 185 
(63.4%) patients had pathological lymph node metastasis. 
Whereas 157 (53.8%) patients underwent less than total 
thyroidectomy, 206 (70.5%) were on levothyroxine 
replacement therapy. Approximately 20% of patients 
received radioactive iodine treatment. Over half (53.1%) 
of the patients maintained their TSH level within the 
reference range. The mean levels of fT3 and fT4 were 2.81 
pg/mL and 1.47 ng/dL, respectively.

Prevalence of fatigue

Figure 1 shows the distribution of the CFS scores. The 
mean (s.d.) and median CFS scores were 18.0 (9.3) and 
17.0, respectively. A score ≥19 was observed in 122 patients; 
thus, the prevalence of clinical fatigue was 41.8% (95% 
CI: 36.1, 47.5). The responses to the first question ‘Do you 
become tired easily?’ were as follows: ‘no’ by 68 (23.3%) 
patients, ‘a little’ by 80 (27.4%), ‘somewhat’ by 93 (31.8%), 
‘considerably’ by 40 (13.7%), and ‘very much’ by 11 (3.8%).

Factors associated with fatigue

None of the following variables showed a statistically 
significant difference between the patients with clinical 
fatigue (n = 122) and those without (n = 171): age, time since 
initial treatment, sex, postoperative stage, TNM pT or TMN 
pN, the extent of thyroidectomy, use of levothyroxine, use 
of radioiodine therapy, comorbidities, employment status, 
marital status, cohabitation status, and serum levels of fT3, 
fT4, and TSH.
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Analyses of the correlations between the CFS score 
and other numerical variables showed that the CFS 
score was significantly correlated with the fT3 level only 
(Pearson’s r = −0.123, 95% CI:−0.234, −0.008). Multiple 
regression analysis of the potential factors associated 
with the CFS score revealed unstandardized regression 
coefficients of −2.52 (95% CI: −4.94, −0.09) and 2.85 
(95% CI: 0.49, 5.20) for the fT3 level and having a job, 
respectively (Table 2).

HR-QOL and its associations with clinical fatigue

The median Z-scores for each subscale of the SF-36 were 
as follows: 0.35 for physical functioning (PF), 0.36 for 
role physical (RP), 0.12 for bodily pain (BP), −0.28 for 
general health (GH), −0.15 for vitality (VT), 0.23 for 
social functioning (SF), 0.18 for role emotional (RE), and 
0.04 for mental health (MH) (Fig. 2). The numbers (%) of 
patients with a Z-score ≤−1.96 were 11 (3.8%) for PF, 19 
(6.5%) for RP, 18 (6.2%) for BP, 10 (3.4%) for GH, 14 (4.8%) 
for VT, 18 (6.1%) for SF, 21 (7.2%) for RE, and 12 (4.1%) 
for MH. Clinical fatigue was associated with impaired 
HR-QOL in the RP, BP, GH, VT, RE, and MH domains 
(P < 0.05) (Table 3).

The median component summary score was 49.8 for 
the physical component summary (PCS) score, 49.8 for the 
mental component summary (MCS) score, and 51.2 for the 
role component summary (RCS) score. The total CFS score 
was significantly associated with all summary scores, with 
a Pearson’s r of −0.255 for the PCS (95% CI:−0.360, −0.145), 
−0.574 for the MCS (95% CI:−0.646, −0.492), and −0.325 
for the RCS (95% CI:−0.424, −0.218) (Table 4).

Table 5 shows the results of multiple regression analyses 
examining the relationship between the CFS score and the 
summary scores. The CFS score was a significant predictor 
of PCS, MCS, and RCS after controlling for the fT3 level, 
age, and sex. The unstandardized regression coefficient 
of the CFS score was largest for the MCS (−0.57, 95% CI: 
−0.67, −0.48), followed by the RCS (−0.41, 95% CI: −0.54, 
−0.27) and PCS (−0.26, 95% CI: −0.38, −0.15). The fT3 level 

Table 1 Patient and disease characteristics.

Characteristics Mean (s.d.) or n (%)

Age (years) 57.0 (13.7)
Years since initial treatment 8.7 (7.4)
Sex
 Female 236 (80.8%)
 Male 56 (19.2%)
Marital status
 Married 233 (79.8%)
 Single 59 (20.2%)
Living with a cohabitant
 Yes 256 (87.7%)
 No 36 (12.3%)
Having a job
 Yes 162 (55.5%)
 No 130 (44.5%)
Comorbidities
 None 120 (41.1%)
 ≥1 172 (58.9%)
Stage
 I 175 (59.9%)
 II 99 (33.9%)
 III 18 (6.2%)
TMN pT
 pT1 132 (45.2%)
 pT2 56 (19.2%)
 pT3 76 (26.0%)
 pT4 28 (9.6%)
TMN pN
 pN0 107 (36.6%)
 pN1 185 (63.4%)
Extent of thyroidectomy
 Less than total 157 (53.8%)
 Total 135 (46.2%)
Levothyroxine replacement
 Yes 206 (70.5%)
 No 86 (29.5%)
Radioactive iodine use
 Never 232 (79.5%)
 Ever 60 (20.5%)
TSH
 Suppressed (<0.380 µIU/L) 102 (34.9%)
 Normal (0.380–4.300 µIU/L) 155 (53.1%)
 Elevated (>4.300 µIU/L) 35 (12.0%)
fT3
 (reference: 2.40–4.00 pg/mL) 2.81 (0.439)
fT4
 (reference: 0.94–1.60 ng/dL) 1.47 (0.337)

Figure 1
Distribution of the CFS score. CFS, Cancer Fatigue Scale.
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was significantly correlated with the PCS score, with an 
unstandardized coefficient of 3.20 (95% CI: 0.77, 5.63).

Discussion

Cancer-related fatigue is a distressing and persistent 
subjective sense of physical, emotional, and/or cognitive 
tiredness or exhaustion related to cancer diagnosis 
and treatment (26). The concept of cancer-related 
fatigue is multidimensional, consisting of physical 
(e.g. diminished energy, need to rest), cognitive (e.g. 
diminished concentration or attention), and affective (e.g. 
decreased motivation or interest) components (27, 28). In 
a qualitative study, Glaus et al. found that cancer patients 
perceived fatigue differently from healthy individuals. 
Cancer survivors felt chronic, unpleasant, distressing, 
life- and activity-limiting tiredness throughout the day, 
while healthy individuals reported a pleasant, acute, 
normal, regulating phenomenon that disappeared after 
a good night sleep (27). Cancer-related fatigue can be a 
significant burden for both patients and caregivers. The 
Fatigue Coalition in the US reported that 91% of cancer 

patients with fatigue felt impairment of their ‘normal’ 
life, and 88% experienced altered daily routines (28). 
Jones et  al. reported that 91% of post-treatment cancer 
survivors with significant fatigue had moderate to severe 
disability, compared with 30% of those without significant 
fatigue (29). This issue is not novel (30), but it may not be 
appropriately recognized by physicians or other medical 
staff in daily practice because fatigue is a subjective feeling 
perceived only by the patient (26, 31).

The mechanism of fatigue in cancer survivors 
is multifactorial. Piper et  al. proposed a framework 
for conceptualizing fatigue in which physiological, 
biochemical, and psychological factors play key roles in 

Table 2 Multiple regression analysis of potential factors associated with the CFS score. Model fit measures: R2 = 0.039, adjusted 
R2 = 0.029, overall F = 3.89 (P = 0.009).

Variable Unstandardized regression coefficient (95% CI) P-value Standardized regression coefficient (95% CI)

fT3 −2.52 (−4.94, −0.09) 0.042 −0.23 (−0.23, −0.004)
Having a job 2.85 (0.49, 5.20) 0.018 0.26 (0.03, 0.28)
Age 0.09 (0.007, 0.18) 0.034 0.11 (0.01, 0.26)

CFS, Cancer Fatigue Scale.

Figure 2
Median Z-scores of the eight domains. BP, bodily pain; GH, general health; 
MH, mental health; PF, physical functioning; RE, role emotional; RP, role 
physical; SF, social functioning; VT, vitality.

Table 3 Associations between clinical fatigue and each 
domain of the SF-36.

Domain
Patients with clinical 

fatigue (%) P-value

PF
 Z score >−1.96 116/281 (41.3%) 0.383
 Z score ≤−1.96 6/11 (54.5%)
RP
 Z score >−1.96 108/273 (39.6%) 0.003a

 Z score ≤−1.96 14/19 (73.7%)
BP
 Z score >−1.96 108/274 (39.4%) 0.001a

 Z score ≤−1.96 14/18 (77.8%)
GH
 Z score >−1.96 112/282 (39.7%) 0.0001a

 Z score ≤−1.96 10/10 (100%)
VT
 Z score >−1.96 110/278 (39.6%) 0.0006a

 Z score ≤−1.96 12/14 (85.7%)
SF
 Z score >−1.96 111/274 (40.5%) 0.0866
 Z score≤−1.96 11/18 (61.1%)
RE
 Z score >−1.96 105/271 (38.7%) 0.0001a

 Z score ≤−1.96 17/21 (81.0%)
MH
 Z score >−1.96 114/281 (40.6%) 0.034
 Z score ≤−1.96 8/11 (72.7%)

aP < 0.05.
BP, bodily pain; GH, general health; MH, mental health; PF, physical 
functioning; RE, role emotional; RP, role physical; SF, social functioning; 
VT, vitality.
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the development of symptoms (30). As pathophysiological 
mechanisms of cancer-related fatigue, Morrow et  al. 
proposed the following hypotheses: anaemia, ATP 
dysregulation, vagal afferent nerve activation, and 
interaction of the hypothalamic–pituitary–adrenal axis/
cytokines with serotonin dysregulation (32, 33). Of 
these, Bower focused on the cytokine hypothesis and 
proposed a model for the release of pro-inflammatory 
cytokines from tumour cells or surrounding stromal and 
immune cells induced by cancer diagnosis or treatment, 
as the critical pathway causing cancer-related fatigue 
(26). While Bower reviewed evidence corroborating the 
association between inflammation and fatigue, she also 
noted tremendous variation in the experience of fatigue 
at different stages of the cancer continuum, which is not 
captured by focusing on the mean fatigue level (26). She 
proposed a model based on predisposing (vulnerability 
of the individual), precipitating (situational conditions), 
and perpetuating (sustaining symptoms over time) factors 
that may contribute to modifying the key pathway. Of 
these, predisposing factors include childhood adversity, 
history of depression, trait anxiety, and loneliness. 

The perpetuating factors involve a cognitive process 
characterized by a lack of confidence with an expectation 
of negative outcomes, reductions in physical activity, and 
sleep disturbance (26).

Cancer-related fatigue is common among thyroid cancer 
survivors, as evidenced by the present study and previous 
reports (34, 35). Aside from the proposed mechanisms 
mentioned above, endocrinological alterations specific 
to thyroidectomized patients may be relevant as causes 
of post-treatment fatigue. Alhashemi et  al. estimated 
Spearman’s correlation coefficient between the fT4 level 
and the Brief Fatigue Inventory score to be 0.132 (P = 0.060), 
but the biochemical data were not measured on the day of 
the survey (16). Hughes et al. reported that TSH suppression 
was associated with substantial fatigue (odds ratio = 1.63) 
in patients with differentiated thyroid cancer, but the use 
of TSH suppression was assessed by mail responses, not 
by actual data (35). A unique feature of the present study 
was that we obtained thyroid hormone levels on the day 
of administering the questionnaires to the patients, which 
allowed us to examine the relationship between thyroid 
hormone levels and fatigue more accurately. We found a 
statistically significant relationship between the fT3 level 
and CFS score. The association between a low fT3 level and 
fatigue has also been reported in other populations. Some 
hypothyroid patients on levothyroxine monotherapy have 
a low serum fT3 level, and those with a normal serum TSH 
level were not necessarily euthyroid in terms of energy 
expenditure, lipid metabolism, dissatisfaction, or quality 
of life, including fatigue (36, 37, 38). A case–control study 
indicated that the prevalence of a low fT3 level was more 
frequent in patients with chronic fatigue syndrome (16%) 
compared with controls (7%) (39).

Table 4 Correlations between the SF-36 summary scores 
and CFS scores.

PCS MCS RCS

CFS total −0.255a −0.574a −0.325a

CFS physical −0.235a −0.586a −0.274a

CFS affective −0.123a −0.288a −0.234a

CFS cognitive −0.208a −0.368a −0.237a

aP < 0.05.
CFS, Cancer Fatigue Scale; MCS, mental component summary; PCS, 
physical component summary; RCS, role component summary.

Table 5 Multiple regression analysis using the PCS, MCS, and PCS as a dependent variable. Model fit measures (PCS): R2 = 0.107, 
adjusted R2 = 0.0947, overall F = 8.61 (P < 0.01); Model fit measures (MCS): R2 = 0.331, adjusted R2 = 0.322, overall F = 35.5  
(P < 0.01); Model fit measures (RCS): R2 = 0.107, adjusted R2 = 0.094, overall F = 8.59 (P < 0.01).

Dependent variable Explanatory variable
Unstandardized regression coefficient 

(95% CI) P-value
Standardized regression 

coefficient (95% CI)

PCS CFS score −0.26 (−0.38, −0.15) <0.001 −26 (−0.37, −0.14)
fT3 level 3.20 (0.77, 5.63) 0.001 0.15 (0.019, 0.24)
Age 0.09 (0.015, 0.17) 0.020 0.13 (0.021, 0.24)
Female −2.12 (−0.48, 0.57) 0.122 −0.087 (−0.2, 0.023)

MCS CFS score −0.57 (−0.67, −0.48) < 0.001 −0.58 (−0.67, −0.48)
fT3 level −0.024 (−2.04, 1.99) 0.981  −0.001 (−0.097, 0.095)
Age 0.005 (−0.059, 0.07) 0.87 0.0078 (−0.09, 0.10)
Female −0.96 (−3.19, 1.26) 0.395 −0.041 (−0.14, 0.05)

RCS CFS score −0.41 (−0.54, −0.27) <0.001 −0.33 (−0.44, −0.22)
fT3 −0.12 (−3.04, 2.80) 0.938 −0.004 (−0.12, 0.011)
Age −0.011 (−0.12, 0.082) 0.812 −0.013 (−0.12, 0.097)
Female −0.92 (−4.14, 2.31) 0.577 −0.031 (−0.14, 0.079)

CFS, Cancer Fatigue Scale; MCS, mental component summary; PCS, physical component summary; RCS, role component summary.
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A few studies revealed a significantly lower serum fT3 
level postoperatively than preoperatively in athyreotic 
patients on levothyroxine monotherapy (40, 41). This is 
because there is no production of fT3 from the thyroid 
gland following total thyroidectomy (40, 41). Further, a 
genetic alteration in the type 2 deiodinase pathway and/or 
thyroid autoimmunity may be involved in the development 
of perceived symptoms in patients with levothyroxine 
therapy (36). Ito et  al. observed that athyreotic patients 
with mildly suppressed TSH maintained their levels of 
fT3, metabolic markers, and subjective symptoms closest 
to the preoperative levels (41, 42, 43). Two crossover trials 
comparing thyroxine and thyroxine plus triiodothyronine 
therapies in patients with hypothyroidism showed 
statistically significant improvements in mood and 
neuropsychological function during the combination 
therapy (44, 45). However, adequate comparative studies 
examining the role of adding triiodothyronine to 
levothyroxine in thyroid cancer survivors are lacking.

Strategies to alleviate fatigue have been explored. A 
systematic review on the management of fatigue in thyroid 
cancer survivors included four randomized controlled 
trials involving the following experimental and control 
interventions (46): triiodothyronine plus levothyroxine vs 
levothyroxine alone (45), euthyroidism vs TSH suppression 
(15), predefined exercises vs physical inactivity (46, 47). 
The randomized controlled trials that compared thyroid 
hormone therapies showed mixed outcomes depending on 
the subscales of the specific instruments used (15, 45). Other 
treatments for cancer-related fatigue, in general, include 
physical exercise, psychosocial interventions, mind–body 
interventions, pharmacological interventions, nutritional 
therapies, integrative therapies, and acupuncture (10, 
11, 48, 49, 50, 51, 52). In addition, observational studies 
indicated that unemployment or inability to work was 
associated with fatigue in thyroid cancer patients (16) and 
other populations (53, 54), although fatigue might be a 
cause rather than a result of being jobless. However, these 
correlational findings may have limited value in fatigue 
management because patients’ experiences are quite 
variable (26). In practice, regular screening, assessment, 
education, and appropriate medical support are essential 
for managing cancer-related fatigue (10). To this end, good 
communication with a patient will facilitate understanding 
of her/his experience. The American Society of Clinical 
Oncology Clinical Practice Guideline recommends using 
a quantitative assessment involving an 11-point numerical 
rating scale from 0 (no fatigue) to 10 (worst fatigue ever) in 
clinical practice when a patient scores ≥4 on this scale.

We are aware of several limitations of the present study, 
particularly a causal role of a low fT3 level for cancer-related 
fatigue. Firstly, as this was a cross-sectional investigation, 
we could not confirm temporal relationships between 
the test results and the outcome. Second, although the 
correlational analysis indicated an inverse association 
between the fT3 level and CFS score, this association was 
not very strong.

Finally, our multiple regression analysis of selected 
explanatory variables predicting the CFS score showed 
an unstandardized regression coefficient for fT3 of −2.52 
(95% CI: −4.94, −0.09) and an adjusted R2 of 0.029, 
which was small. This observation was in agreement 
with that of Alhashemi et al., who reported an R2 of 0.177 
in their multivariable linear regression model (16). This 
may indicate that mathematical formulas derived from 
quantitative research capture only a very small part of the 
overall picture of cancer-related fatigue.

In conclusion, fatigue was prevalent and associated 
with poor quality of life among PTC survivors. Since the 
mechanism of fatigue development seems to highly depend 
on the individual, an ‘on average’ approach may fail to 
alleviate symptoms in some patients. Clinicians need to 
understand the patient’s view as well as her/his specific 
circumstances. Thyroid functional status, particularly the 
level of free T3, may be worth to be considered in alleviating 
the burden.
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