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Background and Aim: The relationship between subclinical hypothyroidism (SHYPO)

and sleep quality is still unclear. Our objective was to compare the sleep quality between

SHYPO patients and a control group with normal thyroid function.

Methods: A total of 2224 patients with SHYPO and 12,622 euthyroid (EUTH) control

group patients were included in the present study. The Pittsburgh Sleep Quality Index (PSQI)

was used to assess sleep quality. The sleep outcomes were compared to explore the associa-

tion between SHYPO and sleep quality. Furthermore, we tried to identify the risk factors of

poor sleep in SHYPO patients.

Results: Compared to the EUTH control patients, SHYPO patients had a higher PSQI score

(6.83 ± 2.67 vs 6.64 ± 2.63, p =0.004) and a higher proportion of poor sleepers (67.09% vs

64.75%, p =0.033). Moreover, subjects with SHYPO were associated with poorer sleep (Odd

Ratio (OR) 1.120, 95% Confidence Intervals (CI) 1.016 to 1.235, p =0.023), longer sleep

latency (OR 1.162, 95% CI 1.053 to 1.282, p =0.003), and shorter sleep duration (OR 1.148,

95% CI 1.019 to 1.293, p =0.023) after adjusting for potential confounders. Furthermore, we

found that lower age, lower body mass index, and women were risk factors for poor sleep

quality in SHYPO patients.

Conclusion: Our findings suggest a relationship between SHYPO and poor sleep quality in

a large Chinese population.
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Introduction
Subclinical hypothyroidism (SHYPO) is defined as elevated levels of thyroid-

stimulating hormone (TSH) with normal levels of free triiodothyronine (fT3) and

free thyroxine (fT4).1 It is a common disorder with a high prevalence rate of up to

18% in the general population, especially among elderly people and women.2,3

SHYPO has been associated with an increased risk of adverse cardiovascular

events.4,5 In addition, SHYPO may include nonspecific symptoms, including fati-

gue, depression, weakness, and cognitive impairment.6,7

Sleep disturbances have become serious public health problems that are frequently

found in the general population.8,9 It has a negative impact on quality of life and health

behaviors.8 Thyroid disorders are often related to sleep problems.10–12 Several endo-

crine functions are altered during the process from awake to sleep. One of the most

conspicuous endocrine alterations is the activity of the hypothalamic–pituitary–thyroid

axis.13 For example, when an individual is experiencing sleep curtailment, an increase

in TSH levels released by the hypothalamus corresponds to an increase in thyroid

hormone levels has been detected.14 However, the association between SHYPO and
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sleep quality is still not clear, with limited evidence. Haruko

Akatsu et al explored the relationship between thyroid func-

tion and sleep quality in older men, and no significant

association was found.15 However, all the individuals

included in this study were men over the age of 65 years.

Another study by Benedetta Demartini et al also found no

significant difference in sleep disturbances between SHYPO

patients and healthy control group patients.16 However, only

246 participants were included in that study, and no specific

sleep scales were used.

Therefore, a study based on the general population is

essential. In the present study, we investigated the relation-

ship between SHYPO and sleep quality with a total of

14,846 individuals.

Methods
The Health Promotion Center of West China Hospital is an

institute providing physical examination for any social indi-

viduals or groups. From October 2014 to October 2018, all

unspecified individuals who underwent routine check-ups at

the Health Promotion Center of West China Hospital were

indiscriminately invited to complete the Pittsburgh sleep

quality index (PSQI) questionnaire. There were 19,108

individuals willing to fill in the questionnaire (Figure 1).

After written informed consent were read and signed up,

participants were leaded to a separate comfortable place and

completed questionnaires. Sleep quality of participants were

obtained by the scores of PSQI questionnaire (one week

version). PSQI were developed in 1988 by Buyse et al17

and was confirmed to have good reliability and validity in

clinical and non-clinical settings.18 The PSQI contains 19

items that can be grouped into 7 components: a. subjective

sleep quality; b. sleep latency; c. sleep duration; d. sleep

efficiency; e. sleep disturbance; f. sleep medication use; and

g. daytime dysfunction and sleepiness. Each component is

weighted equally ranging from 0 (no difficulty) to 3 (severe

difficulty); thus, the total score is 0 to 21. A cut-off point of

a total score greater than 5 was used to define poor

sleepers.17,18

The laboratory normal reference ranges used in our hos-

pital were as follows: thyroid stimulating hormone (TSH),

0.27–4.2 mU/L; free thyroxin (fT4), 12–22 pmol/L; and free

triiodothyronine (fT3), 3.6–7.5 pmol/L. The study protocol

was approved by the Institutional Review Board of West

China Hospital of Sichuan University. All participants pro-

vided written informed consent. Individuals with the values

Figure 1 Study design. There were 19,108 individuals who underwent routine check-ups at our center willing to fill the PSQI questionnaires. After exclusion and grouping,

subjects with euthyrid function (n=12,622) and subclinical hypothyroidism (n=2224) were included in this study.
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of TSH, fT3 and fT4 within the normal reference range

would be gathered in EUTH group. People with TSH over

4.2 mU/L but normal fT3 and fT4 values were collected into

SHYPO group.1

The exclusion criteria were listed as follow:

Participants who did not finish the PSQI scales; had

incomplete records of TSH, fT4 and fT3; underwent thyr-

oid surgeries, with a history of thyroid disease or current

use of thyroid medications (for the thyroid hormone values

are under human intervention); previous diagnoses of

mental illness, restless legs syndrome, obstructive sleep

apnea syndrome and malignancy (for the clear relationship

existed with lower sleep quality19–21); and pregnancy for

the different hormone levels. Eventually, 14,846 indivi-

duals aging from 16 to 77 years old were included in the

study. Two groups were included in the present study:

subjects with euthyrid function (EUTH) group SHYPO

group (Figure 1).

This study was approved by the Clinical Research

Ethics Committee of Sichuan University West China

Hospital. The study complied with the standards set by

the Declaration of Helsinki.

Statistical Analysis
Continuous variables were compared using the t-tests for

normally distributed data and the Mann–Whitney U-test

for skewed data. Categorical variables were compared

using chi-square analyses. Logistic regressions were used

to assess the relationship between sleep outcome and

SHYPO. The sleep measures were classified as follows:

PSQI score (>5 vs ≤5), sleep latency (>30 min vs ≤30
min), sleep duration (≥5 h vs <5 h), sleep efficiency (≥85%
vs <85%), and sleep medication (use vs nonuse). We

further generated two adjusted models for the correlation

analyses. Baseline variables that were found clinically

relevant or that showed univariate relationships with

SHYPO were included in adjusted models.13,22 Model 1

was adjusted for gender, age, and BMI. Model 2 was

adjusted for gender, age, BMI, hypertension, diabetes,

alcohol consumption, and smoking. Then, in the patients

with SHYPO, logistic regressions were conducted to

explore the association between sleep quality (PSQI

score >5 vs ≤5) and potential risk factors. Odds ratios

(ORs) with 95% confidence intervals (95%13 CIs) were

calculated to estimate the relative risks. A P <0.05 was

considered statistically significant. SPSS software (SPSS

22; SPSS Inc., Chicago, IL, USA) was used for all statis-

tical analyses.

Result
Eventually, 2224 SHYPO patients and 12,622 EUTH con-

trol group patients were included in the present study. The

demographic and clinical characteristics of the participants

are shown in Table 1. Overall, of the 14,846 anticipants,

9665 (65.10%) had poor sleep quality. Importantly, the

proportion of poor sleepers was higher in the SHYPO

Table 1 Comparison of Characteristics Between Subclinical

Hypothyroidism and Euthyroid Individuals

EUTH

(n=12,622)

SHYPO

(n=2224)

P

Age(years) 42.95 ± 8.85 43.77 ± 9.48

Gender

Male 7573 994 <0.001*

Female 5049 1230 <0.001*

BMI(kg/m2) 23.83 ± 3.31 23.69 ± 3.37 0.074

Hypertension

Yes 891 169 0.362

No 11,731 2055

Diabetes

Yes 380 49 0.036

No 12,242 2175

Alcohol consumption

Yes 6409 879 <0.001*

No 6213 1345

Smoking

Yes 3645 366 <0.001*

No 8977 1858

TSH (mU/L) 2.31 ± 0.86 6.02 ± 2.68 <0.001*

fT3 (pmol/L) 5.02 ± 0.60 4.92 ± 0.60 <0.001*

fT4 (pmol/L) 16.71 ± 2.02 15.92 ± 2.01 <0.001*

Poor sleeper (PSQI

score>5)

Yes 8173 1492 0.033*

No 4449 732

PSQI score 6.64 ± 2.63 6.83 ± 2.67 0.004*

A 1.08 ± 0.80 1.12 ± 0.80 0.023*

B 1.28 ± 0.94 1.36 ± 0.94 <0.001*

C 1.63 ±0.89 1.65 ± 0.90 0.341

D 0.35 ± 0.71 0.37 ± 0.73 0.093

E 0.88 ± 0.55 0.93 ± 0.56 0.001*

F 0.10 ± 0.47 0.12 ± 0.52 0.064

G 1.35 ± 0.94 1.30 ± 0.93 0.020*

Note: *Represents P<0.05.
Abbreviations: BMI, Body Mass Index; A, subjective sleep quality; B, sleep latency;

C, sleep duration; D, sleep efficiency; E, sleep disturbance; F, sleep medication use;

G, daytime dysfunction and sleepiness.
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group (67.09%) than in the EUTH control group (64.75%).

Furthermore, the average PSQI score was also higher in

the SHYPO patients than in the control group patients

(6.83 ± 2.67 vs 6.64 ± 2.63, p =0.004). When we com-

pared the components of the PSQI score, the SHYPO

patients had a lower subjective sleep quality (p =0.023),

longer sleep latency (p <0.001), and increased sleep dis-

turbance (p =0.001). In addition, the scores of sleep dura-

tion, sleep efficiency, and sleep medication use were also

higher in the SHYPO group, but without significance.

Surprisingly, the SHYPO patients had less daytime dys-

function and sleepiness than the control group patients (p

=0.020). In addition, both age and sex differed signifi-

cantly between the two groups. The SHYPO group had

a higher average age and female population than the con-

trol group (both p <0.001). Correspondingly, the percen-

tage of smokers and drinkers in the SHYPO group was

also smaller than the control group (both p <0.001). The

SHYPO group had higher TSH, and thus lower FT3 and

FT4 (all p <0.001).

The regression analyses were then performed to deter-

mine the associations between SHYPO and poor sleep, as

shown in Table 2. Compared with the EUTH group, the

SHYPO group was associated with poorer sleep (OR

1.110, 95% CI 1.008 to 1.221, p =0.033) and longer

sleep latency (OR 1.143, 95% CI 1.037 to 1.259,

p =0.007) in the unadjusted analyses. Moreover, after

adjusting for potential confounders in different models,

SHYPO was still significantly associated with a higher

PSQI score and longer sleep latency. Subjects with

SHYPO were more likely to have a sleep duration of

<5 h when using adjusted regression models (both OR

1.148, 95% CI 1.019 to 1.293, p =0.023). In addition,

SHYPO was significantly associated with the use of

sleep medication in the unadjusted analyses (OR 1.224,

95% CI 1.018 to 1.473, p =0.032); however, no signifi-

cance remained after adjusting for covariates. In terms of

sleep efficiency, no interaction with SHYPO was found in

either the unadjusted or adjusted analyses.

Then, we tried to explore the possible risk factors of

poor sleep quality in patients with SHYPO. As shown in

Table 3, the risk of poor sleep quality decreased as age

(OR 0.984, 95% CI 0.975 to 0.993, p =0.001) and BMI

(OR 0.958, 95% CI 0.933 to 0.983, p =0.001) increased. In

addition, in the SHYPO group, the female patients (OR

1.278, 95% CI 1.070 to 1.526, p =0.007) were significantly

associated with a higher risk of poor sleep. Surprisingly,

no association was found between TSH (OR 0.985, 95%

CI 0.954 to 1.017, p =0. 359) and poor sleep quality in the

SHYPO subjects.

Discussion
To the best of our knowledge, this is the first study to

investigate the relationship between SHYPO and sleep

quality based on a large general population. We found

that, when compared to EUTH, SHYPO was significantly

associated with an increased risk of poor sleep quality in

the Chinese population. Specifically, SHYPO was related

to longer sleep latency, shorter sleep duration, and

increased sleep disturbance. We also found a significant

association between lower age, lower BMI, and women

with poor sleep quality in SHYPO patients.

In the present study, not only the SHYPO patients had

significantly higher PSQI scores and a higher proportion of

poor sleepers, even the EUTH group, individuals with

Table 2 Associations of Subclinical Hypothyroidism with Poor

Sleep Indicators

Sleep Measures EUTH

(n=12,622)

SHYPO (n=2224) P

Poor sleeper (PSQI

score >5)

Unadjusted Ref. 1.110 (1.008, 1.221) 0.033*

Model 1 Ref. 1.107 (1.004, 1.220) 0.041*

Model 2 Ref. 1.120 (1.016, 1.235) 0.023*

Sleep latency

>30 min

Unadjusted Ref. 1.143 (1.037, 1.259) 0.007*

Model 1 Ref. 1.129 (1.024, 1.245) 0.015*

Model 2 Ref. 1.162 (1.053, 1.282) 0.003*

Sleep duration <5h

Unadjusted Ref. 1.116 (0.993, 1.255) 0.066

Model 1 Ref. 1.148 (1.019, 1.293) 0.023*

Model 2 Ref. 1.148 (1.019, 1.293) 0.023*

Sleep efficiency

<85%

Unadjusted Ref. 1.105 (0.996, 1.226) 0.060

Model 1 Ref. 1.053 (0.947, 1.170) 0.341

Model 2 Ref. 1.051 (0.946, 1.168) 0.356

Use of sleep

medication

Unadjusted Ref. 1.224 (1.018, 1.473) 0.032*

Model 1 Ref. 1.052 (0.871, 1.271) 0.596

Model 2 Ref. 1.055 (0.873, 1.276) 0.577

Notes: Model 1 was adjusted for gender, age, and BMI. Model 2 was adjusted for

gender, age, BMI, hypertension, diabetes, alcohol consumption, and smoking.

*Represents P<0.05.
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PSQI scores greater than 5 had higher TSH levels than

those with good sleep. A previous study by Haruko Akatsu

et al also found a similar trend when comparing EUTH (n

=629) and SHYPO (n =38). The SHYPO group also had

higher PSQI scores (6.0 ± 3.6 vs 5.6 ± 3.2), and a higher

proportion of poor sleepers (50.0% vs 46.1%) than the

EUTH group.15 However, due to the relatively small num-

ber of participants, there was no significant difference.

Another investigation by Benedetta Demartini et al found

no significant difference in sleep disturbances between the

EUTH and SHYPO subjects.16 However, 117 of the 123

(95.1%) SHYPO patients included had levothyroxine

treatment, which may have some effect on their sleep. In

addition, the scales they used in the study were not spe-

cialized for sleep surveys. The relationship between

SHYPO and sleep quality may be explained by the inhi-

bitory effect of sleep on TSH secretion.13 Sleep loss in

humans can affect the function of the human hypothalamo-

pituitary-thyroid axis and is associated with increased

TSH.23,24 The direct relationship between TSH and sleep

is still under researching. However, there are two hypothe-

sizes to explain the phenomenon of increasing TSH value

with low sleep qualities. On the one hand, when a subject

is about to sleep, increasing activity of the hypothalamic–

pituitary–thyroid axis is the most conspicuous endocrine

changes that occur under the physiological conditions.13

When the hypothalamus increases TSH release, the sym-

pathetic nervous system is activated meanwhile and

directly stimulates the thyroid gland,25 which may cause

the sleep disorders under some pathological condition. On

the other hand, it is reported that there are two different

TSH forms, free TSH and macro TSH, existed in the

human body. Different with the free TSH, macro TSH

derived from the pars tuberalis, and is under the control

of the suprachiasmatic nucleus, which is known to regulate

sleep behavior. An increase in serum macro TSH is asso-

ciated with low sleep quality and regulated in a manner

distinct from free TSH, potentially due to an altered gly-

cosylation structure.26

Compared to EUTH controls, the SHYPO individuals

were older and had a higher proportion of women. These

results are consistent with previous findings.27 Since there

was a higher proportion of women, it was not surprising

that there were fewer smokers and drinkers and a lower

BMI in the SHYPO group. These confounders, along with

hypertension and diabetes, were adjusted in the regression

models to minimize the interference in assessing the rela-

tionship between SHYPO and sleep quality. Furthermore,

for the first time, we found that youth, thinness, and

women were risk factors for poor sleep quality in patients

with SHYPO.

There are still some limitations in our study. First, due

to its cross-sectional design, the present study could not

show a causal relationship between SHYPO and sleep

quality even after adjustment. In addition, the PSQI used

in our study is a self-report scale, although it has been

proven to have good reliability and validity. More objec-

tive measures, such as wrist actigraphy and polysomno-

graphy, can be used for further investigation.

In conclusion, we found a significant correlation

between SHYPO and poor sleep quality in a large

Chinese population. Furthermore, youth, thinness, and

women with SHYPO are more likely to suffer from poor

sleep.

Acknowledgment
This study was supported by grants from the National Key

R&D Program of China (2017YF0907504).

Table 3 Associations of Thyroid Functions and Other Clinical

Characteristics of Poor Sleep in Subclinical Hypothyroidism Patients

Sleep Measure Regression

Coefficient (B)

OR (95%

Confidence

Interval)

P

TSH −0.015 0.985 (0.954, 1.017) 0.359

Age –0.016 0.984 (0.975, 0.993) 0.001*

BMI −0.043 0.958 (0.933, 0.983) 0.001*

Gender

Male

Female 0.245

Ref.

1.278 (1.070, 1.526)

0.007*

Hypertension

No

Yes −0.125

Ref.

0.883 (0.636, 1.226)

0.456

Diabetes

No

Yes −0.261

Ref.

0.770 (0.430, 1.377)

0.379

Alcohol consumption

No

Yes −0.031

Ref.

0.969 (0.809, 1.161)

0.733

Smoking

No

Yes 0.127

Ref.

1.136 (0.891, 1.447)

0.303

Note: *Represents P<0.05.
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