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INTRODUCTION

Thyroid disease may be associated with a variety of psychiatric 
disorders, including mild depression and anxiety [1]. In previous 
studies, patients with thyroid dysfunction had a higher prevalence 
of mood and anxiety disorders compared to other psychiatric dis-
orders [2]. Studies have also found that 20.5% of patients with hy-
pothyroidism have depression, while anxiety disorders have been 
identified in 30–40% patients with acute hypothyroidism [3-5].

The association between depression and thyroid hormones has 
been previously examined. Patients with clinically significant de-
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pression have been found to have lower basal thyroid stimulation 
hormone (TSH) [6] and decreased triiodothyronine (T3) levels [1]; 
however, whether excessive daytime sleepiness (EDS) was associ-
ated with either thyroid hormone in patients with hypothyroid-
ism remains unknown. There have also been several studies that 
described the association between anxiety and hypothyroidism 
[3,4,7,8]. Finally, an association between depression and resilience 
was found in early studies [9]; however, these studies did not focus 
on patients with hypothyroidism.

Most patients with hypothyroidism complain of persistent fatigue 
and fatigue-related symptoms, despite appropriate replacement 
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treatments [10,11]. Notably, fatigue is one of the most frequently 
reported symptoms in patients with hypothyroidism, thereby im-
pairing quality of life [12,13]; however, it is difficult to distinguish 
fatigue and EDS due to symptom overlap [14]. In addition, EDS is 
common in patients with subclinical hypothyroidism [15]. Thus, we 
hypothesized that some patients with hypothyroidism who com-
plain of fatigue may present with EDS. Additionally, we hypoth-
esized that EDS may have a significant association with the levels 
of specific thyroid hormones such as T3, free thyroxine (fT4), 
and TSH.

We examined the association of several thyroid hormones with 
depression in patients with hypothyroidism receiving thyroid hor-
mone replacement therapy due to thyroidectomy after diagnosis 
of thyroid cancer or chronic autoimmune thyroiditis. Autoimmune 
thyroiditis is the most common origin of primary hypothyroidism 
[16], in addition to irradiation or surgery [17]. Thus, we chose the 
autoimmune thyroiditis as the cause of primary hypothyroidism 
in the current study. We hypothesized that depression might be as-
sociated with hypothyroidism, and T3 or TSH levels may be asso-
ciated with depression when controlling for anxiety and resilience.

   
METHODS

Study population
In the present study, we collected data from patients aged 20 years 

or older, who visited Gyeongsang National University Hospital for 
thyroid hormone replacement therapy due to chronic autoimmune 
thyroiditis or thyroidectomy after diagnosis of thyroid cancer be-
tween October 2012 and May 2015. Trained doctors evaluated and 
enrolled the patients in the clinic. Enrolled patients completed a 
questionnaire through an interview with a trained doctor in the 
clinic, and the questionnaire items included many variables, such 
as age, sex, whether or not the participants exercised, and alcohol 
consumption. The patient group consisted of 39 cases of primary 
hypothyroidism due to chronic autoimmune thyroiditis, especially 
Hashimoto’s thyroiditis, and 57 cases due to total thyroidectomy 
after thyroid cancer. All participants maintained constant doses of 
levothyroxine (LT4) for at least 6 months before study enrollment. 
Thyroidectomized patients for thyroid cancer had no evidence of 
recurrence for more than 1 year, based on the American Thyroid 
Association guidelines for thyroid nodules and differentiated can-
cer [18]. The following individuals were excluded: pregnant wom-
en; patients with chronic comorbidities including cardiac, renal, 
pulmonary dysfunction, or other primary cancers; and patients 
with thyroid cancer who had distant metastasis. The protocol was 
approved by the Institutional Review Board at Gyeongsang Nation-
al University Hospital (approval no. 2017-04-008). Patients provid-
ed informed written consent for participation in the study; they 
were not enrolled if they did not want to participate in this study. 
The researcher reviewed the patients’ charts to confirm their clini-
cal characteristics.

Thyroid function tests
Thyroid function was assessed in all patients at the time of en-

rollment. Serum TSH was measured using an immunoradiomet-
ric assay kit (Beckman Coulter, Brea, CA, USA), and T3 and fT4 
were measured using radioimmunoassay kits (Beckman Coulter). 
The coefficients of variation were TSH ≤3.7%, T3 ≤6.3%, fT4 
≤10.3%, and free T3 ≤6.8%. Euthyroid status was defined as TSH 
levels between 0.51 and 5.00 mIU/L with levels of T3 (60–200 
ng/dL) and fT4 (0.70–1.80 ng/dL) in reference ranges.

Questionnaires for psychological well-being

Hospital Anxiety and Depression Scale questionnaire 
(HADS)

To evaluate anxiety and depressive symptoms, the HADS was 
originally developed to assess hospital patients. The tool is divided 
into two scales, HADS-Depression (HADS-D) and HADS-Anxiety 
(HADS-A), with seven items for each scale. Each item is rated on 
a 4-point Likert scale; the total score for each scale ranges from 
0–21, with higher scores indicating higher levels of anxiety and 
depression. In our present study, the Korean version of the HADS 
was used to evaluate anxiety and depression and had a confirmed 
internal validity of Cronbach’s α=0.89. We used a cut-off score of 
8 for both the HADS-A and HADS-D [19].

Epworth Sleepiness Scale (ESS)
The ESS is a self-rated tool designed to assess sleep propensity in 

patients who suffer from EDS. The conception of the tool originat-
ed in observation of symptoms of daytime sleepiness. The ESS has 
questions regarding eight different situations, and participants are 
asked to score how tired they would be in each situation. The total 
score of ESS is the sum of each score in the eight questions (from 
0–3 points) and ranges from 0–24. A total score between 0–10 in-
dicates normal daytime sleepiness, while a score from 11–24 indi-
cates a high level of daytime sleepiness [20,21]. In our current study, 
we used the Korean version of the ESS (K-ESS). The K-ESS dem-
onstrated good internal consistency (Cronbach’s α=0.90) and test-
retest reliability (r=0.78–0.93); as such, it is a valid and reliable tool 
for identifying patients with EDS in Korea. The cut-off score for 
EDS is greater than 10 on the K-ESS [22].

Connor-Davidson Resilience Scale (CD-RISC)
The CD-RISC is a self-reported questionnaire consisting of 25 

items. It has been used to evaluate coping skills and psychological 
resilience. Each item is rated on a 5-point Likert scale, with a high-
er total score indicative of greater psychological resilience. In pre-
vious studies, great validity (Cronbach’s α >0.9) and reliability (Pear-
son r=0.7) of the Korean version of the CD-RISC (K-CD-RISC) 
has been well-established across various groups. The 2010 version 
of the K-CD-RISC was used to evaluate resilience in the current 
study [9,23].
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Statistical analysis
Demographic characteristics, such as sex and age of hypothy-

roidism, as well as whether or not the participants exercise, and al-
cohol consumption are presented in Table 1. Continuous variables, 
such as HAM-D, HAM-A, ESS, are presented as mean and stan-
dard deviation. Chi-squared tests were performed to compare cat-
egorical variables. Each variable had a few missing data; thus, we 
analyzed each variable by using data except missing values in the 
demographic table. In addition, multiple linear regression analyses 
were performed to identify predictors of depression or EDS. We 
performed multiple linear regression models to determine which 
thyroid hormone was associated with depression when controlling 
for age, sex, thyroid cancer/chronic autoimmune thyroiditis, L-thy-
roxine (Synthroid) dosage, anxiety, resilience, and daytime sleep-
iness in patients with hypothyroidism. The relationship between 
anxiety and depression has been examined in many previous stud-
ies [24]; thus, we included anxiety as a confound. We performed 
additional multiple linear regression models to determine how 
TSH, T3, and fT4 correlate with EDS after controlling for age, sex, 
thyroid cancer/autoimmune thyroiditis, L-thyroxine dosage, anx-
iety, and depression in patients with hypothyroidism receiving thy-
roid hormone replacement therapy. We used SPSS (version 25; 
IBM Corp., Armonk, NY, USA) for the statistical analyses. A two-
tailed p-value <0.05 was considered statistically significant.

RESULTS

The participants were patients with hypothyroidism, including 
hypothyroidism due to thyroid cancer (n=57) or chronic autoim-
mune thyroiditis (n=39). The demographics and clinical status are 
presented in Table 1. The mean ages for the participants were 52.32 
±5.99 years. Overall, 28% (n=26) demonstrated clinical depres-
sion measured by HADS-D, 20% (n=19) showed clinical anxiety 
measured by HADS-A, and 29% (n=26) showed EDS (ESS ≥10).

Multiple linear regression analyses were performed to determine 
predictors of depression when controlling for age, sex, thyroid can-
cer/chronic autoimmune thyroiditis, anxiety, daytime sleepiness, 
and resilience (Table 2). T3 (β=0.291, p=0.013) was associated with 
depression (adjusted R2=0.213). Additional multiple linear regres-
sion analyses were performed to identify the predictors of EDS when 
controlling for age, sex, and thyroid cancer/chronic autoimmune 
thyroiditis, depression, and anxiety (Table 3). Both T3 level (β= 
-0.351, p=0.003, adjusted R2=0.167) and fT4 (β=-0.346, p=0.008, 
adjusted R2=0.148) were associated with EDS (Table 3).

DISCUSSION

This study demonstrated that T3 levels were associated with de-
pression in patients with hypothyroidism due to autoimmune thy-
roiditis or thyroid cancer when controlling for anxiety, daytime 
sleepiness, and resilience. In addition, T3 and fT4 levels were sig-
nificantly correlated with EDS in patients with hypothyroidism; 
however, depression was not found to be associated with EDS, 
which is inconsistent with previous studies [25].

Table 1. Sociodemographic and clinical characteristics of patients 
with hypothyroidism receiving thyroid hormone replacement therapy

Characteristics Values
Sex (n=96)

Male 15 (15.6)
Female 81 (84.4)

Age (yr) (n=96) 52.32±5.99
Exercise (n=94)

Yes 53 (56.4)
No 41 (43.6)

Alcohol (n=95)
Yes 35 (36.8)
No 60 (63.2)

Hypothyroidism (n=96)
Thyroid cancer 39 (40.6)
Chronic autoimmune thyroiditis 57 (59.4)

L-thyroxine (mg) (n=96) 0.125±0.065
T3 (ng/dL) (n=83) 95.0±18.3
TSH (mIU/L) (n=95) 2.4±7.5
fT4 (ng/dL) (n=95) 1.5±0.3
HADS-A (n=93) 4.8±2.9
HADS-D (n=92) 5.3±3.1
ESS (n=91) 7.6±3.4
CD-RISC (n=90) 27.5±7.1
Data are presented as n (%) or mean±SD. HADS-A: Hospital Anxiety 
and Depression Scale-Anxiety, HADS-D: Hospital Anxiety and De-
pression Scale-Depression, ESS: Epworth Sleepiness Scale, CD-RISC: 
the Connor-Davidson Resilience Scale, T3: triiodothyronine, TSH: 
thyroid-stimulating hormone, fT4: free thyroxine

Table 2. Multiple linear regression analysis for the association 
between thyroid function and depression of patients with hypothy-
roidism

Independent 
variable B SE β T p

TSH 0.034 0.044 0.087 0.777 0.440
T3 0.049 0.019 0.291 2.545 0.013
fT4 1.420 1.276 0.144 1.113 0.269

Adjusted for age, sex, thyroid cancer/chronic autoimmune thyroiditis, 
L-thyroxine, HADS-A, CD-RISC, and ESS. HADS-A: Hospital Anxi-
ety and Depression Scale-Anxiety, CD-RISC: the Connor-Davidson 
Resilience Scale, ESS: Epworth Sleepiness Scale, T3: triiodothyronine, 
TSH: thyroid-stimulating hormone, fT4: free thyroxine

Table 3. Multiple linear regression analysis for the association 
between thyroid function and daytime sleepiness of patients with 
hypothyroidism

Independent 
variable B SE β T p

TSH 0.014 0.051 0.031 0.267 0.790
T3 -0.066 0.021 -0.351 -3.076 0.003
fT4 -3.640 1.332 -0.346 -2.733 0.008

Adjusted for age, sex, thyroid cancer/chronic autoimmune thyroiditis, 
L-thyroxine, HADS-A, and HADS-D. HADS-A: Hospital Anxiety and 
Depression Scale-Anxiety, HADS-D: Hospital Anxiety and Depression 
Scale-Depression, T3: triiodothyronine, TSH: thyroid-stimulating hor-
mone, fT4: free thyroxine



Depression, Daytime Sleepiness, and Thyroid Hormones in Hypothyroid Patients132 / CIM

We found that higher T3 levels might be used to predict depres-
sive symptoms in patients with hypothyroidism receiving thyroid 
hormone replacement therapy. Previous studies have reported that 
most patients who were depressed with thyroid dysfunction have 
decreased T3 levels [1]. In patients with hypothyroidism who were 
treated with thyroid hormone replacement therapy and had fT4 
and TSH levels return to normal, depression may worsen as T3 lev-
els increase. Thus, clinicians might check thyroid function for ab-
normally high T3 levels when patients who are treated for hypo-
thyroidism present with a depressed mood.

The association between EDS and thyroid hormones, such as 
T3, fT4, and TSH, has not previously been demonstrated. Further-
more, no studies have identified a hormone factor that might pre-
dict EDS. In the present study, patients with hypothyroidism dem-
onstrated rescued TSH and fT4 levels through thyroid hormone 
replacement therapy. We found that lower T3 and fT4 levels were 
associated with greater daytime sleepiness. A previous study re-
ported that 13% of patients with subclinical hypothyroidism com-
plained of daytime sleepiness with a score of 10 or greater on the 
ESS [26]. Thyroid hormones may act as a transporter with some 
neurotransmitters, for example, histamine and noradrenaline [27]. 
Additionally, the histaminergic tuberomammillary nucleus of the 
hypothalamus and noradrenergic locus coeruleus of the pons are 
dominant wakefulness-promoting nuclei and are important in au-
tonomic regulation [28,29]. L-thyroxine administration has been 
reported to increase histamine levels in the hypothalamus and brain 
cortex [30]. In previous rodent studies, T3 levels were limited to 
brain nuclei, which receive strong noradrenergic innervation [31], 
and both noradrenergic centers and non-adrenergic projection 
sites are dense regions of T3 [27]. Therefore, alterations in T3 and/
or L-thyroxine levels might affect the arousal-promoting system. 
Moreover, when thyroid hormones were injected into the preop-
tic area of mice with impaired thyroid function, rapid eye move-
ment (REM), non-REM, and total sleep time were shortened and 
arousal increased [32]. Thus, T3 and fT4 levels might activate the 
arousal-promoting system and be a clinically important factor for 
maintaining arousal in patients with hypothyroidism.

Of the various factors that were included as confounds, we found 
that anxiety, but not depression, was positively correlated with EDS. 
There have been a few reports of an association between anxiety 
and EDS in the general population. One study found that elevat-
ed somatic and cognitive anxiety symptoms were associated with 
daytime sleepiness in older adults [33]. In university students with 
clinical insomnia, 50.8% of the participants who had clinically se-
vere anxiety complained of EDS versus 30.9% of controls [34]. How-
ever, no studies have found whether anxiety increases daytime 
sleepiness in patients with hypothyroidism. Thus, this was the first 
study to report that anxiety might increase EDS in patients with 
hypothyroidism when controlling for age, sex, thyroid cancer/au-
toimmune thyroiditis, L-thyroxine, depression, and anxiety.

The current study had several strengths. We were able to identify 
the association between thyroid hormone levels and depression or 
EDS. Concurrently, we included various confounds such as TSH, 

L-thyroxine dosage, anxiety, and depression. Of these, L-thyroxine 
dosage was not included as a confound in previous studies.

We are also aware of several limitations. First, there were no con-
trol groups who did not have hypothyroidism. Therefore, we could 
not identify the effects of hypothyroidism on EDS, anxiety, and 
depression in comparison with a control group. Second, the total 
number of participants was small. Thus, we could not add crucial 
confounders including underlying diseases, sleep efficiency, and 
insomnia severity index when we used the multiple linear regres-
sion model. Third, because of the small number of participants, pa-
tients with hypothyroidism could not be classified into two groups, 
especially in the multiple linear regression model (i.e., thyroid can-
cer and chronic autoimmune thyroiditis). If the total number of 
participants was larger, patients with hypothyroidism could be di-
vided into two groups to identify differences in the cause of hypo-
thyroidism. To compensate for this, we considered two major causes 
of hypothyroidism as one categorical confounder and included it 
in the multiple linear regression model because the number of par-
ticipants in the two groups was similar. Due to the small number 
of participants, this study had low adjusted R2 scores. Fourth, the 
current research was a cross-sectional study, so it was not possible 
to assess a temporal association between exposure and outcome. 
Hence, longitudinal studies are necessary to derive the causal re-
lationship in future.

The present study focused on the association between T3 levels 
and depression when controlling for anxiety, resilience, and day-
time sleepiness as confounds in patients with hypothyroidism. In 
addition, we found that EDS may be associated with lower T3 or 
fT4 levels in patients with hypothyroidism. Thus, we suggest that 
there might be a need to consider T3 or fT4 levels in patients with 
thyroid hormone replacement therapy who complain of depres-
sion or EDS.
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