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Epworth sleepiness scale is
associated with hypothyroidism
in male patients with
obstructive sleep apnea

Le Wang, Xiaoyan Fang, Chong Xu, Na Pan, Yan Wang,
Tuai Xue, Mingchu Zhang, Jie Cao* and Jing Zhang*

Department of Respiratory and Critical Care Medicine, Tianjin Medical University General Hospital,
Tianjin, China

Background: Hypothyroidism could cause obstructive sleep apnea (OSA),
however, the specific association of them remained unclear. This cross-
sectional study aimed to determine the prevalence of hypothyroidism among
patients with OSA, and the characteristics and predictors of hypothyroidism
associated with OSA.

Methods: A total of 573 patients with OSA were included in the study. Serum
levels of thyroid stimulating hormone (TSH), free triiodothyronine (FT3) and free
thyroxine (FT4) were measured in all participants. Univariate and binary logistic
regression analysis were performed to assess the association of OSA with
hypothyroidism while controlling for potential confounders. Receiver
operating characteristic (ROC) curve analysis was performed to evaluate the
OSA effect in the distinction between euthyroid and hypothyroidism.

Results: The prevalence of hypothyroidism was 6.75%, 5.12%. 10.38% in the
total, men, and women cohort, respectively, and the prevalence rate in women
OSA patients was significantly higher than that in men OSA patients (P=0.018).
The men OSA patients with hypothyroidism had a higher Epworth sleepiness
scale (ESS) than women OSA patients with hypothyroidism (P=0.022).
Additionally, the ESS was significantly higher in men OSA patients with
hypothyroidism than those with euthyroid (P=0.042), while women OSA
patients had no such difference (P=0.822). In men patients with OSA, ROC
curve analyses revealed that the risk of hypothyroidism increased in
accordance with increasing ESS after adjustment for potential confounders,
and the optimal cutoff value was 10 score. Higher ESS category was
significantly associated with a higher risk of prevalent hypothyroidism in men
patients with OSA [odds ratio (OR) = 4.898 for ESS>10 relative to ESS <10, 95%
confidence interval (Cl) 1.628-14.731, P = 0.005].

Conclusions: The prevalence of hypothyroidism in OSA patients was relatively

higher, especially in women OSA patients. ESS was significantly and positively
associated with hypothyroidism in men patients with OSA, suggesting that ESS
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may have a potential role in identification and diagnosis of men OSA patients

epworth sleepiness scale, obstructive sleep apnea, overt hypothyroidism, subclinical
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complicated with hypothyroidism.
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Introduction

Obstructive sleep apnea (OSA) is a kind of common sleep-
disordered breathing with significant characteristic of snoring,
witnessed apnea, excessive daytime sleepiness and fatigue. It was
estimated that the overall population prevalence of OSA ranged
from 9% to 38% (1), and even exceeded 50% in some countries (2).
Extensive research has shown that OSA has a far-reaching health
impact due to intermittent hypoxia and hypercapnia resulting from
recurrent, partial or complete collapse of upper airway, leading to
increased overall mortality and morbidity rates (3, 4).

OSA is a syndrome with metabolic and endocrine complications.
It was noted that OSA is related to thyroid diseases, especially
hypothyroidism (5).The prevalence of OSA was estimated to be
25%-50% in patients with hypothyroidism (6). Although the specific
pathophysiologic mechanism remains relatively elusive, the increased
incidence of OSA in patients with hypothyroidism may be related to
obesity, macroglossia, increased thyroid size, myxedema of the upper
airway, deposition of mucopolysaccharides in upper airway tissues,
and decreased ventilation control (7). Patients with OSA and those
with hypothyroidism often present similar symptoms, such as apathy,
lethargy, fatigue and excessive daytime somnolence (8).The
recognition of the association between two disorders is essential
because the overlap between two disorders may result in a
misdiagnosis or under-recognition of one of them, and treating one
disease does not alleviate another (9). However, the majority of sleep
medicine research focused on the impact of OSA on cardiovascular
and neurologic health (5), only few papers have reported data about
OSA and hypothyroidism, and the views remain controversial (10).

Therefore, this cross-sectional study aimed to investigate the
prevalence of hypothyroidism in patients with OSA, and explore
the characteristics and predictors of hypothyroidism associated
with OSA.

Methods
Study design
In this retrospective descriptive study, there were 725

patients undergoing polysomnography (PSG) and measured
the thyroid function, including the serum levels of thyroid
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stimulating hormone (TSH), free triiodothyronine (FT3) and
free thyroxine (FT4), from August 26, 2019 to June 29, 2021. The
patients diagnosed with OSA according to criteria were included
in the study (11). Exclusion criteria were age less than 18 years
old, with acute manifestations of any disease and in an unstable
clinical state, previous treatment for OSA, current treatment
with drugs possibly interfering with thyroid function, with
known thyroid disease, with newly diagnosed hyperthyroidism
in this study, and incomplete data. The chart of patients flow
through the study is summarized in Figure 1. Eventually, 573
patients with euthyroid or newly diagnosed hypothyroidism
were included in the final association analysis. The study
protocol was approved by the Ethics Committee of Tianjin
Medical University General Hospital (NO.IRB2022-WZ-101).
All procedures performed in the study involving human
participants were in accordance with the 1964 Helsinki
Declaration and its later amendments. The requirement for
informed consent was waived because the patients’
information was extracted from electronic medical records at
the sleep center, and the patients’ identities were
maintained anonymous.

Clinical and PSGData

Demographic and anthropometric data, including gender,
age, smoking habit, alcohol consumption, medical history,
family medical history, height, weight, neck circumference
(NC), and waist circumference (WC), were obtained from
medical records. The Epworth sleepiness scale (ESS) was used
for a subjective assessment of daytime sleepiness. PSG (Alice 5
Diagnostic Sleep System; Philips Respironics, Bend, OR, USA)
was performed on all patients during spontaneous sleep under
technician control in a single room. Electroencephalography,
electrooculography, submental and leg electromyography,
electrocardiography, airflow in the mouth and nose, chest and
abdominal respiratory efforts, blood oxygen saturation, snoring,
and body position parameters were recorded throughout night.
Apnea was defined as cessation of oronasal airflow lasting
for>10s and hypopnea was defined as a 30% or greater
decrease in oronasal airflow lasting for more than 10s
accompanied by arousal in electroencephalogram and/or a>3%
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725 patients undergoing polysomnography were
measured thyroid function from August 26, 2019 to
June 29, 2021

10.3389/fendo.2022.1010646

44 records were excluded due to undiagnosed OSA

| Data of 681 patients with OSA were collected |

9 records were excluded due to less than 18 years old
79 records were excluded due to incomplete data

Data of 593 patients with OSA were collected

13 records(5 men and 8 women) were excluded due to
konwn hypothyroidism

7 records (5 men and 2 women)were excluded due to newly
diagnosed hyperthyroidism in this study

573 OSA patients(400 men and 173 women)with euthyroid or newly
diagnosed hypothyroidism were included in the final association

analysis

FIGURE 1
Flow chart of study population.

decrease in arterial oxygen saturation relative to the baseline
level. The apnea hypopnea index (AHI) was calculated as the
total number of apnea and hypopnea episodes per hour. OSA
severity was defined by AHI as follows: non-OSA (AHI<5), mild
OSA (5<AHI<15), moderate OSA (15<AHI<30), and severe
OSA (AHI=30) (11).

Measurements of thyroid function

5mL fasting venous blood samples were collected at 6:00-
7:00 am in the morning after PSG. And the serum levels of TSH,
FT3 and FT4 were measured using chemiluminescence method
at the clinical laboratory of the Tianjin Medical University
General Hospital. ranges for thyroid tests were 0.350-
4.940ulU/mL for TSH, 2.43-6.01pmol/L for FT3, and 9.01-
19.05pmol/L for FT4. Known thyroid diseases were based on
self-reported diagnosis. Euthyroid was defined as serum TSH,
FT3, and FT4 levels were within the normal range. The newly
diagnosed hypothyroidism included overt hypothyroidism and
subclinical hypothyroidism. Overt hypothyroidism was defined
as TSH level>4.940 and FT4 level<9.01; subclinical
hypothyroidism was defined as TSH level>4.940 accompanied
by FT3 and FT4 level within normal range (12). The newly
diagnosed hyperthyroidism included overt hyperthyroidism and
subclinical hyperthyroidism. Overt hyperthyroidism was defined
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as TSH level<0.350 accompanied by FT3 level>6.01 and/or
FT4>19.05; subclinical hyperthyroidism was defined as TSH
level<0.350 in the presence of a normal FT3 and FT4 level (13).

Statistical analysis

Normal distribution and homogeneity of the variances were
evaluated using Kolmogorov-Smirnov test. Continuous variables
are shown as mean + standard deviation (SD) or median with
interquartile range (IQR); categorical variables are presented as
numbers with frequencies. Differences between the groups were
evaluated using Student’s t-tests, Mann-Whitney U tests, chi-
squared tests, or Fisher’s exact tests. Univariate and binary
logistic regression analysis were used to test the association of
OSA with hypothyroidism while controlling for potential
confounders. The results are shown as odds ratios (ORs) and
95% confidence intervals (CIs). An analysis of the receiver
operating characteristic (ROC) curve and the area under the
curve (AUC) was performed to evaluate the OSA effect in the
distinction between euthyroid and hypothyroidism. The best
cut-off in terms of ROC analysis was identified by the Youden
method. A two-sided P-value<0.05 was statistically significant.
SPSS 25.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis, and GraphPad Prism 8.0 (GraphPad, San Diego, CA,
USA) was used to construct figures.
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Results

Gender differences in OSA patients with
euthyroid or hypothyroidism

Table 1 presents a comparison between the men and women
OSA patients with and without hypothyroidism. Euthyroid women
OSA patients were heavier than euthyroid men OSA patients,
however, euthyroid men OSA patients had a higher NC, rate of
smoking and drinking, ESS, AHI, oxygen desaturation index (ODI)
and arousal index (Arl), and have a lower minimum percutaneous
oxygen saturation (minSpO,) and mean percutaneous oxygen
saturation (meanSpO,), and spent more time with SpO, below
90% compared with euthyroid women (all P<0.001). In the OSA
patients with hypothyroidism, there were no significant gender
differences except that men patients had a higher alcohol
consumption rate and ESS (all P<0.05).

With-gender comparison between OSA
patients with euthyroid and
hypothyroidism

Table 2 shows the clinical and polysomnographic
characteristics of the study population grouped according to
gender and the presence of hypothyroidism. The prevalence of
hypothyroidism was 6.75% (40/593), 5.12% (21/410), 10.38%
(19/183) in the total, men, and women cohort, respectively, and
the prevalence rate in women patients was significantly higher
than that in men patients (P=0.018). There was no significant

10.3389/fendo.2022.1010646

difference in age, body mass index, NC, WC, smoking and
drinking history, family history of hypothyroidism, AHI, ODI,
Arl, minSpO,, meanSpO,, proportion of cumulative sleep time
with SpO, below 90% in total sleep time (T90) and the serum
FT3 and FT4 levels between OSA patients with hypothyroidism
and those with euthyroid, whether in the total cohort or in the
men/women cohort (all P>0.05). The serum TSH level among
patients with hypothyroidism was statistically higher than those
with euthyroid (all P<0.05). The ESS was significantly higher in
men OSA patients with hypothyroidism than those with
euthyroid (P=0.042), while women OSA patients had no such
difference (P=0.822).

Association of ESS and hypothyroidism in
patients with OSA

As showed in Figure 2, ROC curve analyzed the ESS for
identifying hypothyroidism in patients with OSA. The AUCs of
ESS were 0.581(95% CI: 0.473-0.690, P=0.152), 0.650(95% CI:
0.530-0.770, P=0.042) and 0.520(95% CI: 0.339-0.702, P=0.823)
for total patients, men patients, and women patients,
respectively. The best cut-off to discriminate hypothyroidism
in men patients with OSA was ESS > 10, with the sensitivity of
68.8% and the specificity of 69.9%. Figure 3 summarized the
result from binary logistic regression estimating the risk of
prevalent hypothyroidism in men patients with OSA based on
ESS category after adjusting for age, BMI, smoking habit, alcohol
consumption, and family history of hypothyroidism. Higher ESS
category was significantly associated with a higher risk of

TABLE 1 Gender differences in OSA patients with euthyroid or hypothyroidism.

Age, years

BMI, Kg/m*

NC, cm

WC, cm

Current smoking, %

Current drinking, %

Family history of hypothyroidism, %

ESS, score
AHL/hr
ODL/hr
ArL,/hr
minSpO,, %
meanSpO,, %
T90, %

hypothyroidism included newly diagnosed overt hypothyroidism and newly diagnosed subclinical hypothyroidism.

Euthyroid (n=546)

Men (n=384)

43.53+13.00
30.78+6.81
42.71+3.49
107.60+15.70
211 (54.95)
205 (53.39)
0
7.00 (4.00,11.00)
53.10 (27.20,72.18)
44.85 (21.68,68.60)
29.35 (16.55,46.38)
75.00 (63.00,84.00)
94.00 (91.00,95.00)
8.85 (1.00,29.65)

Hypothyroidism (n=27)

Women (n=162) P Men (n=16) Women (n=11) P
43.21+15.19 0.814 39.69+14.66 43.09+11.39 0.524
33.99+8.15 <0.001 31.91+7.95 38.39+11.57 0.096
39.07+3.38 <0.001 42.63+3.05 40.09+6.24 0.233
107.95+16.84 0.823 109.25+17.58 114.36+25.32 0.540

15 (9.26) <0.001 7 (43.75) 3(27.27) 0.488

13 (8.02) <0.001 11 (68.75) 1 (9.09) 0.005
1(0.62) 0.297 0 0 -

5,00 (2.00,8.00) <0.001 10.00 (7.00,14.00) 6.00 (2.00,10.00) 0.022

25.10 (13.60,48.90) <0.001 59.65 (18.50,79.00) 17.40 (10.80,41.30) 0.278

20.75 (9.28,46.35) <0.001 57.50 (17.85,78.03) 16.70 (11.00,33.70) 0.217

16.35 (9.90,26.78) <0.001 30.65 (17.80,46.15) 12.90 (9.70,61.90) 0.183

81.00 (74.00,88.00) <0.001 66.00 (59.00,85.00) 81.00 (53.00,87.00) 0.415

95.00 (93.00,96.00) <0.001 92.00 (90.00,94.00) 95.00 (91.00,96.00) 0.082

0.55 (0.00,8.05) <0.001 25.95 (1.43,36.18) 0.70 (0.06,16.20) 0.108

BMI, body mass index; NC, neck circumference; WC, waist circumference; ESS, Epworth sleepiness scale; AHI, apnea hypopnea index; ODI, oxygen desaturation index; Arl, arousal index;

minSpO,, minimum percutaneous oxygen saturation; meanSpO,, mean percutaneous oxygen saturation; T90, proportion of cumulative sleep time with SpO, below 90% in total sleep time.
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TABLE 2 With-gender comparison between OSA patients with euthyroid and hypothyroidism.
Total (n=573) Men (n=400) Women (n=173)

Euthyroid Hypothyroidism P  Euthyroid Hypothyroidism P  Euthyroid Hypothyroidism P

Participants,% 546 (95.29) 27 (4.71) - 384 (96.00) 16 (4.00) 162 (93.64) 11 (6.36) -
Age, years 43.44+13.67 41.07+13.30 0.381  43.53+13.00 39.69+14.66 0.250  43.21£15.20 43.09£11.39 0.974
BMI, Kg/m2 31.73+7.38 34.55+9.92 0.157  30.78+6.81 31.91£7.95 0.519  33.99+8.15 38.39+11.57 0.094
NC, cm 41.63+3.84 41.59+4.68 0.960  42.71+3.49 42.63+3.05 0.924  39.07+3.38 40.09+6.24 0.604
WC, cm 107.71£16.03 111.33£20.77 0.379  107.61£15.70 109.25+17.58 0.683  107.95+16.84 114.36+25.32 0.240
Current smoking, % 226 (41.39) 10 (37.04) 0.654 211 (54.95) 7 (43.75) 0378 15 (9.26) 3(27.27) 0.058
Current drinking, % 218 (39.93) 12 (44.44) 0.640 205 (53.39) 11 (68.75) 0.227 13 (8.02) 1(9.09) 0.900
Family history of 2(0.37) 0 (0.00) 0.908 1(0.26) 0 (0.00) 0.960 1(0.62) 0 (0.00) 0.936
hypothyroidism, %
ESS, score 6.00 10.00 0.151 7.00 10.00 0.042 5.00 6.00 0.822
(3.00, 10.00) (4.00,12.00) (4.00,11.00) (7.00,14.00) (2.00,8.00) (2.00,10.00)
AHL/hr 42.55 41.30 0.779 53.10 59.65 0.615 25.10 17.40 0.796
(11.50,78.70) (18.50,79.00) (10.80,41.30)
(20.38,71.40) (27.20,72.18) (13.60,48.90)
ODL/hr 36.50 33.70 0.956 44.85 57.50 0.490 20.75 16.70 0.958
(16.58, (14.20,77.20) (17.85,78.03) (9.28,46.35) (11.00,33.70)
64.68) (21.68,68.60)
ArL,/hr 23.10 24.70 0.808 29.35 30.65 0.767 16.35 12.90 0.884
(12.80,47.00) (17.80,46.15) (9.90,26.78) (9.70,61.90)
(13.48,43.43) (16.55,46.38)
minSpO,, % 77.00 73.00 0.290 75.00 66.00 0.342 81.00 81.00 0.357
(65.00, (58.00,86.00) (59.00,85.00) (53.00,87.00)
85.00) (63.00,84.00) (74.00,88.00)
meanSpO,, % 94.00 93.00 0.131 94.00 92.00 0.061 95.00 95.00 0.508
(92.00, (90.00,95.00) (90.00,94.00) (91.00,96.00)
95.00) (91.00,95.00) (93.00,96.00)
T90, % 4.75 14.60 0.520 8.85 25.95 0.250 0.55 0.70 0.713
(0.3, 23.44) (0.4, 35.90) (1.00, 29.65) (1.43,36.18) (0.00, 8.05) (0.06,16.20)
TSH, ulU/mL 1.87 5.73 <0.001 1.80 5.42 <0.001 2.11 5.78 <0.001
(1.33, 2.58) (5.19,7.38) (1.27,2.42) (5.20,7.36) (1.47,2.80) (5.16,7.38)
FT3, pmol/L 4.61 443 0.453 4.68 4.81 0.510 4.35 4.09 0.081
(4.21,5.00) (4.07,5.00) (4.30,5.13) (4.35,5.28) (4.06,4.73) (3.72, 4.48)
FT4, pmol/L 12.40 12.28 0.599 12.37 13.00 0.548 12.53 12.10 0.109
(11.09,13.46) (11.59,13.80) (10.90,12.82)
(11.61,13.37) (11.61,13.33) (11.58,13.45)

hypothyroidism included newly diagnosed overt hypothyroidism and newly diagnosed subclinical hypothyroidism.

BMI, body mass index; NC, neck circumference; WC, waist circumference; ESS, Epworth sleepiness scale; AHI, apnea hypopnea index; ODI, oxygen desaturation index; Arl, arousal index;
minSpO,, minimum percutaneous oxygen saturation; meanSpO,, mean percutaneous oxygen saturation; T90, proportion of cumulative sleep time with SpO, below 90% in total sleep time;
TSH, thyroid stimulating hormone; FT3, free triiodotironine; FT4, free thyroxine.

prevalent hypothyroidism in men patients with OSA (OR = category of ESS (1.91% in ESS<10 relative to 7.97% in
4.898 for ESS>10 relative to ESS <10, 95% CI 1.628-14.731, P ESS>10, P=0.003).
= 0.005).
Discussion
Prevalence of hypothyroidism by
category of ESS in male patients with In this cross-sectional study of 573 OSA patients with no
OSA previous diagnosis of thyroid dysfunction, we found a relatively
high prevalence of hypothyroidism in patients with OSA,
The prevalence of hypothyroidism by category of ESS in men especially in women OSA patients. The ESS was showed to be
patients with OSA was shown in Figure 4. The percentages of significantly and positively associated with hypothyroidism in
hypothyroidism increased in accordance with increasing men patients with OSA after adjusting for potential confounding
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FIGURE 2

Receiver operating characteristic (ROC) curve analysis of Epworth sleepiness scal

participants with OSA

factors, and the optimal cutoff values to detect hypothyroidism
in men with OSA was 10 score for ESS. In contrast, no significant
association was found between ESS and hypothyroidism in
women with OSA.

Extensive research has shown that OSA has an impact on the
secretion of multiple hormones and is implicated in the
development of many endocrine conditions, including obesity,
diabetes mellitus, thyroid dysfunction, hypogonadism,
osteoporosis, and so on (14). Hypothyroidism is a systemic
metabolic syndrome characterized by decreased production/
secretion of thyroid hormones or insufficient tissue utilization
(12).The relationship between OSA and hypothyroidism has
attracted more and more attention as some symptoms for both
illnesses overlap. It was reported that repeated intermittent hypoxia
and sleep fragmentation could induce impaired neuroendocrine
regulation, which in turn lead to hypothalamic-pituitary-thyroid
axis dysfunction (14). However, the specific pathophysiologic
mechanism needs to be clarified.
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e (ESS) to recognize hypothyroidism in total, men, and women

We found that the prevalence of hypothyroidism in OSA
population was 6.72%, and its rate in men OSA patients and
women OSA patients was 5.12% and 10.38%, respectively. Some
previous studies have reported the prevalence of hypothyroidism
in OSA patients. Bahammam SA et al. reported that the
prevalence of newly diagnosed clinical hypothyroidism in OSA
patients was 0.4%, and the prevalence of newly diagnosed
subclinical hypothyroidism was 11.1% (9). Petrone A et al
observed an 8% prevalence of subclinical hypothyroidism in
the moderate to severe OSA patients (15). Bruyneel M et al.
demonstrated that the prevalence of hypothyroidism in OSA
patients was 1.4%, such that the prevalence of subclinical
hypothyroidism was 7.5% (16). Ozcan KM et al. found that
1.97% clinical hypothyroidism and 10.8% subclinical
hypothyroidism were diagnosed in patients with OSA,
respectively (17). Mete T et al. declared that 4% OSA patients
have clinical hypothyroidism and 4.7% OSA patients have
subclinical hypothyroidism (7). This heterogeneity of
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FIGURE 3

Odds ratios (OR) and 95% confidence interval (Cl) of hypothyroidism by ESS category in men patients with OSA. tAdjusted for age, BMI,

smoking, drinking, and family history of hypothyroidism.

prevalence between studies can be due to different definitions of
hypothyroidism, difference in BMI, included participants, OSA
severity, and so on. Although it is difficult to compare the
prevalence of hypothyroidism in patients with OSA between
different studies, a recent meta-analysis estimated the prevalence
of clinical hypothyroidism in OSA patients was 8.12 + 7.13% and
that of subclinical hypothyroidism 11.07 + 8.49% (10). In view of
the above findings, it is declared that hypothyroidism should be
paid enough attention in OSA patients although the
epidemiological data is limited and somehow inconsistent.

The ESS, an eight-item questionnaire that asks whether the
patient would doze off in various sedentary situations, is a well-
known tool for assessing excessive daytime somnolence. On this
scale, a score above 10 is suggestive of pathologic sleep-
disordered breathing (18). Numerous papers have addressed
the correlation between sleepiness and OSA and
hypothyroidism. Misiolek M et al. reported the relationship
between hypothyroidism and excessive daytime somnolence,
and demonstrated that the hormonal stabilization in patients
suffering from hypothyroidism could cause improvement in ESS
(18). Resta O et al. also confirmed that ESS was significantly
higher in the hypothyroid than the euthyroid subjects, and
among the hypothyroid individuals, ESS was significantly
higher in those with OSA than in those without OSA (19).
Zhang M et al. in a meta-analysis including twelve studies and
five case reports recruiting 192 hypothyroid OSA patients and
1423 euthyroid OSA patients suggested that ESS were
significantly higher in the hypothyroid OSA patients when
compared with euthyroid OSA patients (10). Moreover, Resta
O et al. declared that OSA patients with subclinical
hypothyroidism had a higher score of ESS as compared to the
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control group of OSA patients with normal thyroid function,
while levothyroxine therapy could improve sleepiness (20).
Consistent with this, in the present study, we found that OSA
patients with hypothyroidism had a higher ESS score than OSA
patients with normal thyroid function, although it not achieve
statistical significance in women OSA patients. The results
indicate that OSA and hypothyroidism all could increase
sleepiness, and the overlap of the both disorders will aggravate
it. Additionally, we found that ESS was the main difference
between men OSA patients with hypothyroidism and women
OSA patients with hypothyroidism, and ESS was positively
associated with hypothyroidism in men patients with OSA
after adjustment for potential confounding factors, and the
optimal cutoff value for ESS to detect hypothyroidism in men
patients with OSA was 10 score. ESS may have a potential role in
identification and diagnosis of men OSA patients complicated
with hypothyroidism.

It still remained controversial about whether to perform
routine thyroid tests in patients with OSA. Some researchers
have suggested routinely evaluating thyroid function in OSA
patients, as they have a number of clinical features and
symptoms in common, in order to avoid misdiagnosis, which
may lead to failure on the treatment of continuous positive
airway pressure and increase the risk of complications and
mortality because of undiagnosed hypothyroidism (19).
However, other researchers were skeptical of this view, because
hypothyroidism was seen only in a small portion of patients with
OSA (8). Even if there were some studies showing a relatively
higher hypothyroidism, many biases were present in these
studies (21). It has been proved that overt hypothyroidism and
subclinical hypothyroidism were correlated with dyslipidemia,
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Prevalence of hypothyroidism by category of ESS in men
patients with OSA.

heart failure, atherosclerosis, hypertension, cardiovascular
diseases, and metabolic disorders (22-24). Therefore, it is
necessary to identify ones complicated with hypothyroidism
among OSA patients as the overlap of the two disorders will
increase the risk of cardiovascular disease and other
complications, leading to increased overall morbidity and
mortality. Our results showed a relatively higher prevalence of
hypothyroidism in patients with OSA, especially in women OSA
patients. In addition to, ESS was associated with hypothyroidism
in men patients with OSA, and the prevalence of
hypothyroidism in men OSA patients with ESS>10 was
significantly higher than that in OSA patients with ESS<10. So,
we recommend evaluating thyroid function in patients with
OSA, this balancing the clinical benefits with expenditure of
medical resources and money in patient management.

The study has several limitations. Firstly, the association of ESS
and hypothyroidism could not indicate causality due to the cross-
sectional nature of this study. Secondly, the sample size of our study
was relatively small, especially for women patients, which was
mainly due to the relatively low prevalence of OSA in women
compared with men. Thirdly, some potential confounding factors,
such as dietary habits (especially iodine intake) and thyroid
morphology, were not included in the multivariate regression
analysis because these clinical data were missing. Finally, we
performed thyroid function test only once in every patient with
OSA in our study, not accounting for the possibility of transient
hypothyroidism. Some research has reported that repeating the
thyroid function measurements after 2-12 weeks may exclude some
patients with transient hypothyroidism (9).
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In conclusion, we found that a relatively higher prevalence of
hypothyroidism in patients with OSA, especially in women OSA
patients. The ESS was significantly and positively associated with
hypothyroidism in men patients with OSA. In contrast, no significant
association was observed between ESS and hypothyroidism in
women patients with OSA. The results suggested a potential role of
ESS in the identification and diagnosis of men OSA patients
complicated with hypothyroidism. More researches and studies are
needed to refine this evidence in the future.
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