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Abstract

Purpose Obstructive sleep apnea (OSA) is a common sleep-breathing disorder. Numerous investigations have found
a strong inherent relationship between OSA and hypothyroidism. Studies suggest that lymphocytes may be involved
in the development of hypothyroidism in patients with OSA. This study aimed to assess the association between lym-

phocytes and hypothyroidism in OSA patients.

Patients and methods This study involved 920 patients with OSA who underwent nocturnal sleep monitoring,
thyroid function testing, and routine blood tests. In patients with OSA, logistic regression analysis indicated independ-
ent predictors of hypothyroidism. The cutoff level of lymphocyte count was determined using a receiver operating
characteristic (ROC) analysis to predict the occurrence of hypothyroidism in individuals with OSA.

Results This study comprised 920 OSA patients (617 males and 303 women), 879 with normal thyroid function,

and 41 with hypothyroidism, with a hypothyroidism incidence of 4.46%. In the entire OSA population and male

OSA patients, the number of lymphocytes was significantly higher in the hypothyroid group than in the con-

trol group (p=0.002 and 0.020, respectively). In addition, among the OSA population younger than 60 years old

and patients with mild to moderate OSA, lymphocytes were found to be considerably more in the hypothyroid group
than in the euthyroid group. Lymphocyte count, ESS, and sex were all independent predictors of hypothyroidism
development in OSA patients. According to ROC curve analysis, the risk of hypothyroidism increases with increasing
lymphocyte count in the total patient population, with an optimal diagnostic cutoff point of 2.5 (x 10*9/L).

Conclusions The prevalence of hypothyroidism in patients with OSA increases as the number of lymphocytes
increases. Lymphocyte count can be used as an independent predictor of the occurrence of hypothyroidism, and it
has a diagnostic value for OSA combined with hypothyroidism.
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Introduction

Obstructive sleep apnea is a condition in which the peri-
odic collapse of the upper airway during sleep causes
complete or partial airway obstruction, resulting in apnea
and hypoventilation [1]. Studies have shown that the
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prevalence of OSA in the adult population is approxi-
mately 9%-38%, fluctuates between 13%-33% in men, and
is approximately 6%-19% in the female population [2].
Nocturnal intermittent hypoxia can lead to exacerba-
tion of neurologic, cardiovascular, endocrine-metabolic,
and other systemic disorders, increasing the risk of death.
[3] All-cause mortality in untreated patients with severe
OSA (AHI > 30) was 3.8 times higher than in those with-
out sleep apnea [4]. Studies have shown that common
comorbidities of OSA are hypertension, arrhythmia,
coronary artery disease, and diabetes [5]. This shows that
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OSA can cause a significant health hazard and disease
burden.

Hypothyroidism is a common disorder of the endo-
crine system. In iodine-sufficient countries, the preva-
lence of clinical hypothyroidism is approximately 1% to
2% [6]. The prevalence of subclinical hypothyroidism has
been reported to be 4%-20% in the adult population [7].
Hypothyroidism is most often caused by autoimmunity.
In addition, thyroid surgery, radioactive iodine treatment,
and related medications are essential causes of hypo-
thyroidism [7, 8]. Chronic lymphocytic thyroiditis is an
autoimmune disease of the thyroid gland and is the most
common cause of hypothyroidism [8]. Hashimoto’s thy-
roiditis (HT) is a familiar type of autoimmune thyroidi-
tis characterized by T lymphocyte infiltration of target
tissues. It mediates the process of target cell destruction
and apoptosis, resulting in hypofunction of the target
gland [9]. Th1 and Th17 lymphocytes have been shown to
infiltrate thyroid tissue and mediate thyroid cell death in
autoimmune thyroiditis [10].

Many previous studies have confirmed the close
association between lymphocytes and hypothyroid-
ism [9, 11]. Lymphocytes are involved in the process
of hypothyroidism, especially in autoimmune diseases
of the thyroid, such as Hashimoto’s thyroiditis. How-
ever, the relationship between lymphocytes and hypo-
thyroidism in patients with OSA is unclear. This study
aimed to assess the association of lymphocytes with
hypothyroidism in patients with OSA, which has not
been studied previously.

Data and methods

Study population

This is a retrospective study. The participants in this
study were all from the Sleep Center of the Tianjin Medi-
cal University General Hospital. Nine hundred twenty
patients with OSA were enrolled in the study (Fig. 1). All
patients underwent standard polysomnography using an
analysis system (Alice 5 Diagnostic Sleep System; Philips
Respironics, Bend, OR, USA) in the sleep center.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) complete over-
night sleep monitoring who met the diagnostic crite-
ria for obstructive sleep apnea; 2) completed blood cell
analysis and free thyroid function tests;and 3) complete
baseline information, such as height, weight, neck cir-
cumference, and waist circumference.

The exclusion criteria were as follows: 1) less than
18 years old; 2) incomplete information on clinical
data; 3) patients with previously defined thyroid func-
tion abnormalities who were taking thyroid-related
therapeutic drugs; 4) patients with newly diagnosed
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Fig. 1 Flow chart of study population

hyperthyroidism; 5) patients with central sleep apnea; 6)
patients with hematologic disorders that may affect lym-
phocyte counts; and 7) patients with a recent history of
definite infection-related illness.

Data information

All clinical data of polysomnography, thyroid function,
and routine blood tests of OSA patients in this study
were obtained from the Sleep Center of Tianjin Medical
University General Hospital.

Diagnostic criteria

Patients with an apnea hypopnea index (AHI) score>5
were diagnosed with OSA. Patients with OSA were
divided into three groups according to AHI scores: mild,
moderate, and severe OSA (5-15,>15-30, and> 30,
respectively) [12]. Assessment of thyroid function in OSA
patients by free thyroid function measurement. Nor-
mal thyroid function means FT3, FT4, and TSH levels
are within normal limits. In this study, hypothyroidism
included overt hypothyroidism and subclinical hypo-
thyroidism. Overt hypothyroidism is defined as reduced
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FT4 and increased TSH levels. Subclinical hypothyroid-
ism is elevated TSH levels with FT4 levels in the normal
range [13]. In the present study, patients with hyper-
thyroidism were excluded. Hyperthyroidism includes
overt hyperthyroidism and subclinical hyperthyroidism.
The standard reference ranges of free thyroid function
parameters were as follows: FT3 2.43-6.01 pmol/L, FT4
9.01-19.05 pmol/L, and TSH 0.350-4.940 ulU/mL. The
Epworth sleepiness scale is a daytime sleepiness assess-
ment tool with a total score of 24 [14]. An ESS score>9
suggests the presence of daytime sleepiness.

Statistical analysis

Data were analyzed using the Windows SPSS 25.0 sta-
tistical software package (IBM SPSS, Armonk, NY,
USA). Normally distributed data are expressed as the
mean + standard deviation, and nonnormally distrib-
uted data are expressed using the median and quartiles.
The Shapiro—Wilk test was used to test whether the data
obeyed a normal distribution. If the data were normally
distributed, the Student’s test was used, and if the data
did not conform to a normal distribution, the Mann—
Whitney U test was used. Binary logistic regression was
performed to determine the predictors of hypothyroid-
ism in patients with OSA. Receiver operating character-
istic (ROC) curve analysis was performed to determine
the cutoff lymphocyte count to predict the occurrence
of hypothyroidism in OSA patients. The chi-square test
was used to compare differences in prevalence between
groups. A value of p<0.05 was considered statistically
significant. GraphPad Prism 9.5 (GraphPad, San Diego,
CA, USA) was used to generate figures.

Results

Baseline information and clinical data of the study
population

Total population data characteristics

Baseline characteristics and clinical data are presented
in Table 1. A total of 920 patients with OSA were
enrolled in the study: 879 (mean age: 43.74 + 14.06 years)
with normal thyroid function and 41 (mean age:
41.63 +£13.94 years) with newly diagnosed hypothyroid-
ism. The BMIs of OSA patients with hypothyroidism and
controls were 34.78+8.99 and 32.38+7.79, respectively.
ESS, lymphocyte percentage, and lymphocyte count
(Fig. 2A) were significantly higher in OSA patients with
hypothyroidism than in controls.

Gender subgroup

The 920 OSA patients included 617 male and 303 female
subjects (Table 1). In males, AHI, ODI, and T90 were
higher in those with hypothyroidism than in patients
with normal thyroid function, although the difference
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was not statistically significant. Moreover, meanSpO, and
miniSpO, were slightly lower in the hypothyroid group
than in the control group. Furthermore, we found that
the lymphocyte count was significantly higher in OSA
patients with hypothyroidism than in controls (p =0.020).
The lymphocyte count of the female OSA population was
higher in patients with hypothyroidism than in controls,
even though the difference was nonsignificant (Fig. 2B).
In addition, in both male and female OSA patients, a sig-
nificantly higher ESS score was found in the hypothyroid
group than in the euthyroid group.

Age subgroup

As shown in Table 2, the included population was pre-
dominantly younger patients, and among patients
aged < 60 years, the hypothyroid group had a higher BMI.
At the same time, in patients younger than 60 years old,
the ESS score was significantly higher in the hypothyroid-
ism group than in the euthyroid group (p=0.028). More-
over, the hypothyroidism group tended to have a higher
lymphocyte level than the control group (p=0.011)
(Fig. 2C).

AHIl subgroup

According to the AHI grouping (Table 3), we found that
in patients with mild-moderate OSA, lymphocyte counts
were higher in hypothyroid patients than in controls, and
the differences were statistically significant (Fig. 2D). In
patients with severe OSA, the absolute value of lympho-
cytes was higher in the hypothyroid group than in the
euthyroid group, but the difference was not statistically
significant (Fig. 2D).

Multivariate analysis of independent predictors

of hypothyroidism

Based on the results of the above data analysis and clini-
cal significance, these indicators of sex, age, AHI, BMI,
ESS, and Lymph# were selected for multifactorial logis-
tic analysis to explore the relevant influencing factors
of hypothyroidism. Binary logistic regression analysis
showed that sex, ESS, and lymphocyte count were inde-
pendent predictors of OSA combined with hypothyroid-
ism (p=0.030, 0.008, and 0.005, respectively) (Table 4).
The prevalence of hypothyroidism increased by 67.3% if
the lymphocyte count increased by 1.0 x 10*9/L.

ROC analysis for lymphocyte count to predict
hypothyroidism in OSA patients

ROC curve analysis was performed to determine the
cutoff lymphocyte count to predict the presence of
hypothyroidism in OSA patients (Fig. 3). In the pre-
sent study, lymphocytes showed a significantly positive
correlation with hypothyroidism in OSA patients. Its
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Table 1 Baseline data characteristics of total, male and female OSA patients
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Total (n=920) Men (n=617) Women (n=303)
Euthyroid Hypothyroidism P Euthyroid Hypothyroidism P Euthyroid Hypothyroidism P

Participant 879.00(95.54%) 41.00(4.46%) - 596.00(96.60%) 21.00(3.40%) - 283(93.40%) 20.00(6.60%) -

Age 43.74+14.06 41.63+£13.94 0.348 44.02+13.3 42.05+14.03 0.501 43.17+15.84 41.20£14.19 0.590

BMI 3238+7.79 34.78+8.99 0.055 31.07+£7.11 31.67+7.06 0.704 35.13+£842 38.06+9.77 0.138

NC 4187511 41.59+4.07 0.725 42.89+3.65 42.71+£3.15 0.829 39.72+6.80 4040+4.65 0.662

WC 108.13+16.36 11.16+17.64 0.249 107.95+16.06 109.29+15.85 0.707 108.53+16.99 113.13+19.55 0.248

ESS 6.00(4.00, 12.00) 10.00(6.00, 14.50)  0.011 8.00(4.00, 14.00) 12.00(9.00,15.00)  0.030 5.00(2.00, 9.00) 9.00(4.00, 12.50) 0.029

AHI 4540(21.40, 39.60(15.20, 77.45)  0.809 55.20(28.63, 62.00(33.95,80.40) 0.540 27.10(15.30, 28.55(13.08,53.38) 0.925
71.70) 73.45) 48.90)

ODI 37.70(16.70, 36.00(15.70,66.90)  0.890 47.90(22.15, 62.90(32.45,77.75) 0313 22.80(11.10, 23.85(14.33,35.93) 0.682
66.10) 70.10) 45. 60)

Arl 23.40(13.20, 23.90(12.80,45.30) 0.884 30.60(16.83, 34.30(19.60,52.70)  0.436 10(10.00, 13.60(9.10,27.88)  0.845
43.90) 47.60) 25.20)

meanSpO2 94.00(92.00, 94.00(90.00, 95.00)  0.391 94.00(91.0 92.00(89.50,94.50)  0.084 95.00(93.00, 95.00(92.25,96.00) 0.847
95.00) 95.00) 96.00)

miniSpO2 78.00(66.00, 73.00(60.50, 85.50)  0.130 75.00(62.00, 67.00(56.00,79.50) 0.171 82.00(74.00, 78.00(67.00, 86.75) 0.122
85.00) 83.75) 87.00)

T90 4.90(0.30,2320)  7.25(0.40,30.35) 0.583 8.90(1.00,30.90)  24.80(3.25,37.44)  0.192 0.90(0.02, 9.30) 1.25(0.12,16.58) 0.634

FT3 4.50(4.14, 4.89) 4.43(4.06, 4.82) 0.360 4.58(4.22,4.98) 4.55(4.04,5.14) 0976 4.30(3.98,4.70) 4.23(4.053,4.633)  0.581

FT4 1239(11.51 11.91(10.88, 1340) 0071 12.40(11.55, 1205(11.06,13.63) 0690  12.34(1144, 1136(10.85,1262) 0032
13.38) 13.38) 13.39)

TSH 1.88(1.31,2.56) 5.88(5.25,7.50) <0.001 1.74(1.20, 2.41) 5.88(5.21,7.59) <0001  2.11(1.52,2.90) 5.84(5.28,7.56) <0.001

WBC#(x 10°9/L) 6.76(5.61, 8.09) 748(5.97,844) 0.146 6.68(5.65, 7.89) 7.51(5.99, 843) 0.202 7.01(5.55, 8.60) 7.30(5.66,9.12) 0.568

RBC#(x 10"12/L) 4.87(4.52,5.23) 4.85(4.57,5.21) 0.634 5.06(4.72,5.34) 5.04(4.83,5.33) 0.603 4.56(4.26, 4.78) 4.63(4.20, 4.85) 0.743

HGB(g/L) 146.00(134.00, 143.00(127.00, 0.129 152.00(144.00, 155.00(146.00, 0.710 132.00(124.00, 128.50(119.00, 0.197
156.00) 155.00) 159.00) 159.50) 138.00) 133.50)

PLT#(x 10'9/L) 245.00(211.00, 253.00(213.50, 0330 234.00(205.00, 247.00(218.50, 0.306 272.00(226.00, 268.00(212.75, 0.743
288.00) 296.00) 270.00) 282.00) 323.00) 316.50)

NEU% 56.10(50.70, 54.50(49.25,60.10)  0.165 55.75(50.40, 52.90(48.65,57.10) 0.158 57.10(51.40, 54.60(49.65,61.80) 0.399
62.30) 61.28) 63.40)

LYMPH% 32.90(27.50, 36.00(30.65,38.80) 0.034 32.80(27.60, 36.00(31.70,40.20)  0.100 32.90(27.40, 36.05(28.78,38.98) 0.182
38.20) 37.98) 38.40)

MON9% 7.50(6.50, 8.60) 7.30(6.10, 8.05) 0.134 7.80(6.80, 8.90) 7.50(6.40, 8.20) 0.308 7.00(5.90, 7.90) 6.55(5.88, 8.00) 0.764

EOS% 2.20(1.40, 3.30) 1.70(1.25, 2.50) 0.050 2.40(1.60, 3.60) 2.00(1.40, 3.75) 0.581 1.80(1.30, 2.70) 1.65(1.10, 2.13) 0.127

BAS% 0.50(0.40, 0.70) 0.50(0.40, 0.70) 0.788 0.60(0.40, 0.70) 0.50(0.40, 0.80) 0.807 0.40(0.30, 0.60) 0.50(0.33, 0.68) 0.183

NEU#(x 10°9/L) 3.75(3.00, 4.82) 3.86(3.09,4.52) 0.987 3.65(3.00,4.70) 3.56(3.09, 4.26) 0.953 4.09(3.06, 5.24) 3.94(2.97,4.66) 0.808

LYMPH#(x10°9/L)  2.16(1.74, 2.65) 2.64(2.04,3.00) 0.002 2.15(1.71,2.60) 2.69(1.97,3.03) 0.020 2.19(1.83,2.74) 2.58(2.06, 2.99) 0.078

MON#(x 10°9/L) 0.50(0.42, 0.60) 0.53(042,0.62) 0.692 0.52(0.43,0.62) 0.57(0.41, 0.66) 0.621 047(0.39,0.57) 0.51(0.43,0.58) 0.464

EOS#(x 10°9/L) 0.15(0.10,0.23) 0.14(0.08,0.18) 0.174 0.16(0.10, 0.24) 0.15(0.10,0.27) 0.909 0.13(0.08, 0.20) 0.11(0.06, 0.16) 0.219

BAS#(x 10%9/L) 0.04(0.02, 0.05) 0.04(0.03, 0.05) 0.293 0.04(0.03, 0.05) 0.04(0.03, 0.05) 0.629 0.03(0.02, 0.04) 0.04(0.02, 0.05) 0.105

Euthyroid indicates that FT3, FT4 and TSH levels are in the normal range.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, OD/
oxygen desaturation index, Arl arousal index, meanSpO2 mean percutaneous oxygen saturation, minSpO2 minimum percutaneous oxygen saturation, T90 proportion
of cumulative sleep time with SpO2 below 90% in total sleep time, FT3 free triiodotironine, FT4 free thyroxine, TSH thyroid stimulating hormone, WBC# white blood
cell count, RBC# red blood cell count, HGB hemoglobin level, PLT# platelet count, NEU% neutrophil percentage, LYMPH% lymphocyte percentage, MON% monocyte
percentage, EOS% eosinophil cell percentage, BAS% basophil cell percentage, NEU# neutrophil count, LYMPH# lymphocyte count, MON# monocyte count, EOS#
eosinophil cell count, BAS# basophil cell count

optimal cutoff point for diagnosing hypothyroidism in
the total OSA population was 2.5 (X 10*9/L). There was
a significant difference in the prevalence of hypothy-
roidism between the two groups of OSA patients when
using 2.5 (x10*9/L) as the cutoff value. ROC analy-
sis showed no significant increase in the diagnostic

accuracy of the combined index of lymphocyte count
and ESS compared to the single index of lymphocytes.
Significant differences in the prevalence of hypothy-
roidism were shown in different OSA populations when
using the lymphocyte optimal cutoff point as a dividing
line (Fig. 4).
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Association between lymphocyte counts and PSG
parameters

In male patients(n=617), grouped according to lympho-
cyte levels, there was a significant difference between
the two groups regarding AHI and ODI (»p=0.038,0.017,
respectively). Compared to controls, male OSA patients
were more likely to experience more sleep apnea and

oxygen reduction events when lymphocyte levels were
higher (Table 5).

Discussion
Patients with OSA and hypothyroidism share common
clinical manifestations, such as excessive daytime sleepi-
ness, apathy, decreased cognitive function, obesity, and
decreased libido [15]. Numerous studies have shown a
strong correlation between OSA and hypothyroidism.
For example, Jha A et al. reported a 30% prevalence of
OSA in newly diagnosed hypothyroidism [16]. Sorensen
et al. claimed the prevalence of OSA to be 25%-50% in
patients with overt hypothyroidism [17]. In a meta-analy-
sis, Zhang M et al. concluded that the prevalence of clini-
cal hypothyroidism in OSA patients was 8.12+7.13%,
and the prevalence of subclinical hypothyroidism was
11.07 £8.49% [18]. This shows that there is a close asso-
ciation between OSA and hypothyroidism.

Studies have suggested that hypothyroidism can lead to
OSA through the following mechanisms: 1) infiltration

of soft tissues by mucopolysaccharides aggravates airway
narrowing [19]; 2) muscle dysfunction leads to hypotonia
of the respiratory muscles [20, 21]; and 3) a low meta-
bolic rate leads to obesity, and further fat accumulation
in the neck and abdomen causes obesity hypoventilation
[22]. We similarly observed a higher BMI in the hypo-
thyroid group than controls in the total OSA population
(34.78+8.99 vs 32.38+7.79, p=0.055), although there
was no significant difference.

Studies have shown that intermittent hypoxia also
appears to have a negative effect on thyroid function.
Elevated plasma IL-6 levels and decreased IL-10 levels
support the prevalent activation of Thl-type cytokine
patterns in OSA patients, suggesting the presence of Thl
cell activation in OSA patients [23]. Cytokines secreted by
Th1 cells are also common in patients with Hashimoto’s
thyroiditis [24], and peripheral Thl cells are more abun-
dant in patients with severe Hashimoto’s thyroiditis [25].
In Hashimoto’s thyroiditis, Th1 cells can mediate an auto-
immune response in the thyroid, with intense inflamma-
tory infiltration and further thyroid destruction [26].

In addition to Thl cells, several studies have shown
that Th17 is closely associated with OSA and hypothy-
roidism. The findings showed that the proportion of
peripheral blood Th17 cells and the relative expression
of RORyt mRNA (RORyt is a crucial nuclear trans-
fer factor for Th17 cell differentiation and secretion
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Table 2 Characteristics of the clinical data of the hypothyroidism group and the euthyroid group of patients with OSA, using 60 years

of age as a cutoff

(2024) 24:60
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Age < 60(n=771)

Age>60(n=149)

Euthyroid Hypothyroidism P Euthyroid Hypothyroidism P

Participant 736.00(95.46%) 35.00(4.54%) - 143.00(95.97%) 6.00(4.03%) -
Age 39.26+10.32 37.83+£11.22 0426 66.83+5.38 63.83+£2.40 0177
BMI 33.09+8.05 36.00£9.15 0.038 28.71+£4.86 2767247 0.606
NC 42.17£5.26 41.89+4.19 0.756 40.34£3.89 39.83+2.99 0.752
WC 108.96+16.83 113.24£18.16 0.143 103.86£12.89 99.00+6.23 0.361
ESS 6.00(3.00, 12.00) 10.00(4.00, 14.00) 0.028 8.00(4.00, 13.00) 11.00(9.25, 15.50) 0.143
AHI 46402163, 72.18) 39.60(12.50, 78.70) 0.682 42.10(19.90, 65.20) 47.00(30.63, 6245) 0.674
oDl 38.25(17.20, 68.53) 36.00(14.50, 68.40) 0.875 36.50(14.30, 54.90) 41.60(28.53, 57.33) 0395
Arl 24.20(13.40, 45.48) 23.90(12.80, 50.90) 0.775 20.60(12.00, 35.50) 27.15(11.83, 39.78) 0.746
meanSpO2 94.00(92.00, 96.00) 94.00(90.00, 95.00) 0418 94.00(92.00, 95.00) 93.00(91.75, 95.00) 0.822
miniSpO2 78.00(65.00, 85.00) 76.00(60.00, 86.00) 0.366 78.00(71.00, 85.00) 69.00(61.00, 75.00) 0.051
T90 4.70(0.30, 24.78) 3.90(0.30, 35.90) 0.841 6.50(0.60, 21.20) 16.40(3.48, 26.93) 0.281
FT3 4.54(4.21, 4.95) 4.36(4.05, 4.90) 0.158 4.23(3.88, 4.61) 4.46(4.20, 4.76) 0.257
FT4 12.40(11.54, 13.37) 1 9W(WO9O 13.45) 0.096 12.18(11.38, 13.45) 11.90(10.29, 13.49) 0.481
TSH 1.88(1.31, 2.58) 5.78(5.21, 7.39) <0.001 1.79(1.30, 2.38) 6.60(5.63, 10.14) <0.001
WBC#(x10*9/L) 6.84(5.72, 8.14) 7.51(6.02, 888) 0.131 6.51(5.23, 8.02) 6.56(5.61, 7.81) 0.862
RBC#(x10*12/L) 495(4.61, 529) 4.86(4.64, 5.26) 0.448 449(4.17, 4.83) 445(4.18, 5.06) 0.798
HGB(g/L) 148.00(135.25, 158.00)  144.00(126.00, 155.00)  0.065 138.00(128.00, 148.00)  13850(127.25, 156.25) 0615
PLT#(x10*9/L) 250.00(216.25, 293.00)  253.00(215.00, 297.00) 0.437 215.00(170.00, 253.00)  235.00(188.00, 261.00) 0.579
NEU% 55.60(50.30, 61.30) 54.50(49.30, 60.90) 0.446 59.60(53.60, 65.90) 53.85(47.10, 59.85) 0.087
LYMPH% 33.45(28.53, 38.60) 36.00(31.40, 39.20) 0.128 29.20(22.70, 35.90) 36.10(29.53, 41.35) 0.061
MONY% 740640, 8.60) 7.20(6.00, 8.00) 0.072 7.90(6.70, 8.90) 8.10(6.70, 9.73) 0.657
EOS% 2.20(1.50, 3.40) 1.80(1.30, 2.60) 0.079 2.00(1.20, 3.00) 140(1.00, 243) 0359
BAS% 0.50(0.40, 0.70) 0.50(0.40, 0.70) 0.973 0.50(0.30, 0.60) 0.55(0.30, 0.88) 0477
NEU#(x10%9/L) 3.73(3.00, 4.79) 3.86(3.03, 4.55) 0.745 3. 87(3 00, 4.95) 3.55(2.94, 4.15) 0451
LYMPH#(x10*9/L) 2.22(1.83, 267) 2.64(2.03, 3.00) 0.011 83(1.34, 2.35) 251191, 293) 0.055
MON#(x10*9/L) 0. SO(O 42, 0.60) 0.53(042, 0.60) 0.890 0. 49(0 41, 0.60) OA56(O 44, 0.64) 0.374
EOS#(x10*9/L) 15(0.10, 0.24) 0.15(0.09, 0.18) 0.242 13(0.07, 0.19) 0.09(0.06, 0.16) 0.351
BAS#(x10%9/L) 0. 04(0 03, 0.05) 0.04(0.03, 0.05) 0496 0. 03(0 02, 0.04) 0.04(0.02, 0.05) 0330

Euthyroid indicates that FT3, FT4 and TSH levels are in the normal range. 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, OD/
oxygen desaturation index, Arl arousal index, meanSpO2 mean percutaneous oxygen saturation, minSpo2 minimum percutaneous oxygen saturation, 790 proportion
of cumulative sleep time with SpO2 below 90% in total sleep time, FT3 free triiodotironine, FT4 free thyroxine, TSH thyroid stimulating hormone, WBC# white blood
cell count, RBC# red blood cell, HGB hemoglobin level, PLT# platelet count, NEU% neuthrophil percentage, LYMPH% lymphocyte percentage, MON% monocyte
percentage, EOS% eosinophil cell percentage, BAS% basophil cell percentage, NEU# neutrophil count, LYMPH# lymphocyte count, MON# monocyte count, EOS#

eosinophil cell count, BAS# basophil cell count

of IL-17A, which induces differentiation and matura-
tion of ThO cells into Th17 cells.) were higher in OSA
patients than in controls and correlated with the sever-
ity of OSA [27]. Similarly, Ye et al. found higher levels
of Th17 cells in the peripheral blood of patients with
severe OSA compared to the mild group and controls.
This result suggests that increased Thl7 cell differ-
entiation correlates with OSA severity [28]. Serum
IL-17A levels were elevated in OSA patients and posi-
tively correlated with AHI [29]. Furthermore, cytol-
ogy experiments revealed that a hypoxic environment

promotes Th17 cell differentiation [30]. Related stud-
ies suggest that intermittent hypoxia in OSA may pro-
mote increased differentiation of Th1l7 cells through
the hypoxia-inducible factor 1 (HIF-1) and NF-kB
pathways [27]. Similarly, in patients with HT, the
number of Th17 lymphocytes and Th17 cytokines in
the peripheral blood and thyroid were increased [31].
Horie et al. found increased Th17 cells in the thyroid
gland in a mouse model of Hashimoto’s thyroiditis,
confirming the importance of Th17 cells in autoim-
mune thyroiditis [32].
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Table 3 Characteristics of the clinical data of the hypothyroidism group and the euthyroid group of patients with OSA, using AHI as a

cutoff

AHI<30 (n=328) AHI>30 (n=592)

Euthyroid Hypothyroidism P Euthyroid Hypothyroidism P
Participant 313.00(95.43%) 15.00(4.57%) - 566.00(95.61%) 26.00(4.39%) -
Age 42.17+14.80 3427 +£12.61 0.043 4461 +13.57 45.88+13.05 0.640
BMI 31224766 35.48+6.48 0.035 33.02+7.79 3438+10.26 0.508
NC 40.10£3.67 4060%3.18 0.602 42.85+551 42.15+4.47 0526
WC 103.81+£16.02 109.23+14.80 0.200 110.52+16.06 112.27£19.27 0.591
ESS 5.00(2.00, 8.00) 6.00(3.00, 10.00) 0.496 8.00(4.00, 14.00) 12.00(10.00, 15.25) 0.006
AHI 16.90(10.80, 23.25) 12.30(8.70, 17.40) 0.100 65.75(47.05,79.28) 64.20(40.88, 85.15) 0.669
oDl 1240(7.60, 18.35) 14.20(8.20, 19.00) 0.751 58.65(39.83, 75.65) 54.55(35.93,78.30) 0.965
Arl 12.10(8.10, 17.75) 12.80(7.90, 16.00) 0.616 36.40(21.78,54.15) 36.40(23.73,61.00) 0.766
meanSpO2 96.00(95.00, 96.00) 95.00(94.00, 96.00) 0275 93.00(90.00, 94.00) 92.00(89.75, 94.25) 0617
miniSpO2 85.00(82.00, 89.00) 86.00(80.00, 87.00) 0.272 71.00(59.75, 79.00) 66.00(52.25,73.75) 0.069
T90 0.10(0.00, 1.10) 0.40(0.00, 1.50) 0.500 14.65(4.68, 37.73) 19.50(4.35, 36.85) 0.747
FT3 444(4.11,4.82) 4.48(4.06,4.99) 0.970 4.54(4.17,4.95) 4.39(4.02,4.76) 0.256
FT4 12.25(11.41,13.38) 12.02(11.31,13.46) 0.706 12.42(11.55,13.39) 11.64(10.80, 13.12) 0.050
TSH 1.90(1.34, 2.59) 5.36(5.21,5.97) <0.001 1.85(1.30,2.52) 6.31(5.35,7.97) <0.001
WBCH#(x 10*9/L) 6.62(5.38, 8.20) 7.72(6.29,9.41) 0.054 6.85(5.76, 8.05) 7.34(5.89,8.11) 0.734
RBC#(x 10%12/L) 4.70(4.42,5.07) 4.79(4.52,4.94) 0.883 4.97(4.63,5.30) 491(4.53,5.31) 0.629
HGB(g/L) 140.00(130.00, 151.00) 134.00(122.00, 150.00) 0.407 149.00(137.00, 158.00) 146.00(127.50, 155.50) 0.209
PLT#(x 10*9/L) 245.00(212.00, 293.00) 296.00(253.00, 319.00) 0.019 245.00(210.00, 283.25) 243.00(208.25, 262.00) 0517
NEU% 55.90(50.85, 61.90) 54.00(48.10, 62.30) 0.391 56.25(50.68, 62.50) 55.00(49.50, 59.75) 0.272
LYMPH% 33.80(28.65, 37.60) 36.50(28.10, 42.00) 0.197 32.55(27.20,38.33) 35.25(31.70, 37.88) 0.087
MON9% 7.40(6.20, 8.60) 7.20(6.40, 8.40) 0.746 7.60(6.60, 8.70) 7. 35(5 75,7.93) 0.039
EOS% 2.00(1.30, 3.25) 1.60(1.20, 2.20) 0.157 2.20(1.50, 3.30) 85(1.30, 2.70) 0.180
BAS% 0.50(0.40, 0.60) 0.50(0.30, 0.60) 0.761 0.50(0.40, 0.70) 0. 55(0 48,0.73) 0.568
NEU#(x 10%9/L) 3.74(2.90,4.77) 3.86(3.42, 4.66) 0.380 3.78(3.05,4.84) 3.89(2.75,4.37) 0.501
LYMPH#(x 10*9/L) 2.13(1.76, 2.64) 2.64(2.31,3.00) 0.007 2.19(1.73,2.65) 247(2.00,3.01) 0.075
MON#(x 10*9/L) 0.49(0.40, 0.59) 0.58(0.50, 0.67) 0.014 0.51(043,0.61) 0.49(0.39,0.59) 0.186
EOS#(x 10*9/L) 0.14(0.09, 0.22) 0.12(0.09, 0.16) 0.569 0.15(0.10, 0.24) 0.15(0.07,0.19) 0.236
BAS#(x 10*9/L) 0.03(0.02, 0.05) 0.03(0.02, 0.05) 0.620 0.04(0.03,0.05) 0.04(0.03, 0.05) 0332

Euthyroid indicates that FT3, FT4 and TSH levels are in the normal range. 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, OD/
oxygen desaturation index, Arl arousal index, meanSpO2 mean percutaneous oxygen saturation, minSpO2 minimum percutaneous oxygen saturation, T90 proportion
of cumulative sleep time with SpO2 below 90% in total sleep time, FT3 free triiodotironine, FT4 free thyroxine, TSH thyroid stimulating hormone, WBC# white blood
cell count, RBC# red blood cell count, HGB hemoglobin level, PLT# platelet count, NEU% neutrophil percentage, LYMPH% lymphocyte percentage, MON% monocyte

percentage, EOS% eosinophil cell percentage, BAS% basophil cell percentage, NEU# neutrophil count, LYMPH# lymphocyte count, MON# monocyte count, EOS#

eosinophil cell count, BAS# basophil cell count

Therefore, we speculated that lymphocytes might be
involved in the process of hypothyroidism in patients
with OSA. These findings suggest that intermittent
hypoxia may induce lymphocyte activation and thus
promote thyroid immune responses, which may con-
tribute to hypothyroidism. Thus, intermittent hypoxia
may be an important initiating factor in the develop-
ment of hypothyroidism, but its intrinsic connection
still needs to be further explored. The above findings
imply that there may be a bidirectional effect between

OSA and hypothyroidism, rather than just hypothy-
roidism, as we know it is able to cause OSA.

In the present study, we observed a prevalence of
hypothyroidism of 4.46% in the OSA population. The
prevalence in the male and female patient groups was
3.4% and 6.6%, respectively. Because subclinical hypo-
thyroidism and overt clinical hypothyroidism are dif-
ferent stages of the same disease, the process from
subclinical hypothyroidism to clinical hypothyroidism
is a continuous progression of the disease [33]. It has
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Table 4 Multivariate analysis to determine the independent
predictors of hypothyroidism in OSA patients

Odds Ratio 95% Confidence P
Interval
Sex 0450 0.219-0.925 0.030
Age 1.000 0.974-1.027 0.982
BMI 1.020 0.974-1.067 0.398
ESS 1.071 1.018-1.126 0.008
AHI 0.998 0.987-1.009 0.721
LYMPH#(10%9/L) 1673 1.168-2.396 0.005

BMI body mass index, ESS Epworth sleepiness scale, AHI apnea hypopnea index,
LYMPH# lymphocyte count

been reported that approximately 2%-5% of patients
with subclinical hypothyroidism may progress to overt
hypothyroidism each year [33]. Therefore, in this study,
we categorized subclinical hypothyroidism and hypo-
thyroidism in the same group. We further found that
lymphocyte levels were apparently higher in the hypo-
thyroid group than in the euthyroid group, although
the difference was insignificant in female OSA patients.
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Except for lymphocytes, ESS scores were significantly
higher in patients with hypothyroidism than in the
euthyroid group in the OSA population. Lymphocyte
level and ESS score can be used as independent pre-
dictors of hypothyroidism in patients with OSA. In
the subgroup analysis performed, it was found that the
number of lymphocytes was distinctly higher in the
hypothyroid group than in the control group in the OSA
population younger than 60 years old and patients with
mild to moderate OSA, and the difference was statisti-
cally significant. Based on the above subgroups, the
optimal threshold for lymphocyte count for the diag-
nosis of hypothyroidism fluctuated between 2.5-2.6
(x10*9/L) in the OSA population. These results indi-
cate that lymphocyte count can be a valuable biomarker
for identifying the presence of hypothyroidism in OSA
patients. The prevalence of hypothyroidism in patients
with OSA increases as the number of lymphocytes
increases. Therefore, lymphocyte levels can be used
to estimate a patient’s risk of developing hypothyroid-
ism in the future. However, further research is needed
to validate these findings and explore the underlying
mechanisms of this association.

Subgroups
100
— Men
80 B — Age<60
X
2 — AHI<30
e
=
2 40+
& AUC=0.649,P=0.02
20 AUC=0.627,P=0.011
- AUC=0.708,P=0.007
v T T T T

0 20 40 60 80 100
1 - Specificity%

Fig. 3 A Receiver operating characteristic (ROC) curve analysis for lymphocyte count and the combination indicator to predict hypothyroidism.
B The discriminatory capacity of lymphocyte count for distinguishing between patients with and without hypothyroidism in different subgroups

of OSA patients
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Fig. 4 A Prevalence of hypothyroidism in different OSA groups when a lymphocyte count > 2.5 (x 10*9/L) was used as the cutoff value.
(*p<0.05**p<0.01,***p<0.001). B Prevalence of hypothyroidism in male OSA patients when a lymphocyte count > 2.6 (x 10*9/L) was used

as the cutoff value.(*p < 0.05,**p <0.01,"**p < 0.001)
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Table 5 Differences in

PSG  parameters

(2024) 24:60

according to lymphocyte groupings in male patients

were compared

LYMPH# (x 10*9/L)

<2.6 >2.6 P
Participant 458.00(74.23%) 159.00(25.77%) -
AHI 54.10(27.18,72.55) 60.70(35.40, 79.10) 0.038
ODI 46.05(20.28,69.10) 55.40(32.90, 77.20) 0.017
Arl 29.20(16.30, 46.85) 34.40(20.40, 50.90) 0.108
meanSpO2 94.00(91.00, 95.00) 93.00(91.00, 95.00) 0.602
miniSpO2 76.00(62.00, 84.00) 73.00(63.00, 82.00) 0.272
T90 9.00(0.79, 30.93) 9.10(2.20, 33.30) 0.255

AHl apnea hypopnea index, ODI oxygen desaturation index, Arl arousal

index, meanSpO2 mean percutaneous oxygen saturation, minSpO2 minimum
percutaneous oxygen saturation, T90 proportion of cumulative sleep time with
SpO2 below 90% in total sleep time

It is well known that hypothyroidism is one of the risk
factors for OSA. Several studies have shown that LT4
therapy can reduce or even eliminate nocturnal apnea
for patients with sleep apnea in combination with hypo-
thyroidism [17]. Levothyroxine replacement therapy in
patients with OSA combined with subclinical hypothy-
roidism may reduce the tendency to sleep [34]. These
results support the perspective that thyroid function
should be investigated in all OSA patients, at least in
those with a high risk of hypothyroidism.

There are several limitations to our study. First, some
OSA patients were excluded from the study due to incom-
plete data, resulting in a reduced sample size. Second,
because this study was a cross-sectional design, long-
term follow-up of the subjects was unrealistic, so their
stable thyroid function status could not be known. Third,
we did not evaluate the effect of CPAP or hormone sup-
plementation therapy on lymphocyte levels in patients,
which requires a prospective interventional study. Fourth,
Serum concentrations of serum thyroid peroxidase (TPO)
and thyroglobulin antibodies were not further determined
to assess the prevalence of autoimmune thyroid disease.
Last but not least, this study failed to further analyze the
role played by lymphocyte subtypes and cytokines in
hypothyroidism in patients with OSA.

Conclusion

In brief, the present study aimed to assess the correla-
tion between lymphocyte count and hypothyroidism in
patients with OSA. Based on our findings, lymphocyte
levels tend to be higher in patients with OSA who also
have hypothyroidism, and this association is particu-
larly significant in the overall OSA population and male
patients. Furthermore, we discovered that lymphocyte
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count independently predicts the development of hypo-
thyroidism in patients with OSA, which has not been
previously reported. Therefore, a simple blood test for
lymphocyte count could indicate the occurrence of
hypothyroidism in OSA patients, proving valuable in
clinical practice.

Acknowledgements
The authors thank all the members who contributed to this study.

Authors’ contributions

XF, LW, JC and JZ designed the trial, reviewed of medical related literatures,
participated in the data analysis and interpretation, and drafted and wrote the
manuscript. CX, TX, MZ, and LL participated in the data collection, analysis. All
authors contributed to the manuscript during its development. All authors
read and approved the final manuscript.

Funding

This work was supported by grants from the Natural Science Foundation of
China (No. 81970084) and the Bethune Fund for Scientific Research Project
(BJ-RW2020014)).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by the
Ethics Committee of Tianjin Medical University General Hospital (NO.IRB2023-
WZ-155). Written informed consent was not needed for this study, following
Chinese national laws and the requirements of the Tianjin Medical University
General Hospital Ethics Committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 December 2023 Accepted: 20 January 2024
Published online: 27 January 2024

References

1. Qureshi A, Ballard RD. Obstructive sleep apnea. J Allergy Clin Immunol.
2003;112(4):643-51 quiz 652.

2. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson
MC, Hamilton GS, Dharmage SC. Prevalence of obstructive sleep
apnea in the general population: A systematic review. Sleep Med Rev.
2017,34:70-81.

3. Tondo P, Fanfulla F, Sabato R, Scioscia G, Foschino Barbaro MP, Lacedonia
D. Obstructive sleep apnoea-hypopnoea syndrome: state of the art.
Minerva Med. 2023;114(1):74-89.

4. YoungT, Finn L, Peppard PE, Szklo-Coxe M, Austin D, Nieto FJ, Stubbs R,
Hla KM. Sleep disordered breathing and mortality: eighteen-year follow-
up of the Wisconsin sleep cohort. Sleep. 2008;31(8):1071-8.

5. Tondo P, Fanfulla F, Scioscia G, Sabato R, Salvemini M, De Pace CC,
Foschino Barbaro MP, Lacedonia D. The Burden of Respiratory Alterations
during Sleep on Comorbidities in Obstructive Sleep Apnoea (OSA). Brain
Sci. 2022;12(10):1359.

6. Taylor PN, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus JH, Dayan CM,
Okosieme OE. Global epidemiology of hyperthyroidism and hypothyroid-
ism. Nat Rev Endocrinol. 2018;14(5):301-16.



Fang et al. BMC Pulmonary Medicine

20.

21
22.

23.

24.

25.

26.

27.

28.

29.

30.

(2024) 24:60

Biondi B. Natural history, diagnosis and management of sub-

clinical thyroid dysfunction. Best Pract Res Clin Endocrinol Metab.
2012;26(4):431-46.

Biondi B, Cooper DS. The clinical significance of subclinical thyroid dys-
function. Endocr Rev. 2008;29(1):76-131.

Ralli M, Angeletti D, Fiore M, D’Aguanno V, Lambiase A, Artico M, de
Vincentiis M, Greco A. Hashimoto's thyroiditis: An update on pathogenic
mechanisms, diagnostic protocols, therapeutic strategies, and potential
malignant transformation. Autoimmun Rev. 2020;19(10): 102649.
Ganesh BB, Bhattacharya P, Gopisetty A, Prabhakar BS. Role of cytokines
in the pathogenesis and suppression of thyroid autoimmunity. Journal
of interferon & cytokine research : the official journal of the International
Society for Interferon and Cytokine Research. 2011;31(10):721-31.

. Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti C, Churilov LP,

Ferrari SM, Antonelli A. Hashimotos'thyroiditis: Epidemiology, pathogen-
esis, clinic and therapy. Best Pract Res Clin Endocrinol Metab. 2019;33(6):
101367.

Sateia MJ. International classification of sleep disorders-third edition:
highlights and modifications. Chest. 2014;146(5):1387-94.

Surks M, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, Franklyn JA,
Hershman JM, Burman KD, Denke MA, et al. Subclinical thyroid disease:
scientific review and guidelines for diagnosis and management. JAMA.
2004;291(2):228-38.

Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14(6):540-5.

Pancholi C, Chaudhary SC, Gupta KK, Sawlani KK, Verma SK, Singh A,
Verma AK, Usman K, Atam V. Obstructive sleep apnea in hypothyroidism.
Ann Afr Med. 2022;21(4):403-9.

Jha A, Sharma SK, Tandon N, Lakshmy R, Kadhiravan T, Handa KK, Gupta
R, Pandey RM, Chaturvedi PK. Thyroxine replacement therapy reverses
sleep-disordered breathing in patients with primary hypothyroidism.
Sleep Med. 2006;7(1):55-61.

Sorensen JR, Winther KH, Bonnema SJ, Godballe C, Hegedus L. Respira-
tory Manifestations of Hypothyroidism: A Systematic Review. Thyroid.
2016;26(11):1519-27.

Zhang M, Zhang W, Tan J, Zhao M, Zhang Q, Lei P. Role of hypothyroid-
ism in obstructive sleep apnea: a meta-analysis. Curr Med Res Opin.
2016;32(6):1059-64.

Devdhar M, Ousman YH, Burman KD. Hypothyroidism. Endocrinol Metab
Clin North Am. 2007;36(3):595-615 , V.

Siafakas NM, Salesiotou V, Filaditaki V, Tzanakis N, Thalassinos N,

Bouros D. Respiratory muscle strength in hypothyroidism. Chest.
1992;102(1):189-94.

Martinez FJ, Bermudez-Gomez M, Celli BR. Hypothyroidism. A reversible
cause of diaphragmatic dysfunction. Chest. 1989;96(5):1059-63.

Attal P, Chanson P. Endocrine aspects of obstructive sleep apnea. J Clin
Endocrinol Metab. 2010;95(2):483-95.

Alberti A, Sarchielli P, Gallinella E, Floridi A, Floridi A, Mazzotta G, Gallai

V. Plasma cytokine levels in patients with obstructive sleep apnea syn-
drome: a preliminary study. J Sleep Res. 2003;12(4):305-11.

Drugarin D, Negru S, Koreck A, Zosin |, Cristea C. The pattern of a T(H)1
cytokine in autoimmune thyroiditis. Immunol Lett. 2000,71(2):73-7.
Nanba T, Watanabe M, Inoue N, Iwatani Y. Increases of the Th1/Th2 cell
ratio in severe Hashimoto's disease and in the proportion of Th17 cells in
intractable Graves'disease. Thyroid. 2009;19(5):495-501.

Crane lJ, Forrester JV.Th1 and Th2 lymphocytes in autoimmune disease.
Crit Rev Immunol. 2005;25(2):75-102.

Zhang N, LiY, Li B, Xu W. Correlation between peripheral blood Th17 cells
and carotid intima-media thickness in OSA patients. Lin Chung Er Bi Yan
Hou Tou Jing Wai Ke Za Zhi. 2020;34(8):747-51.

Ye J, Liu H, Zhang G, Li P, Wang Z, Huang S, Yang Q, Li Y. The treg/th17
imbalance in patients with obstructive sleep apnoea syndrome. Media-
tors Inflamm. 2012;2012: 815308.

Ying L, Li H, Pan Z,Ma S, Zhang P, Wang Q, Lu G, Zhou J. Relationship

of redundant Th17 cells and IL-17A, but not IL-17 F, with the severity of
obstructive sleep apnoea/hypopnoea syndrome (OSAHS). BMC Pulm
Med. 2014;14:84.

Ren J, Li B. The Functional Stability of FOXP3 and RORyt in Treg and
Th17 and Their Therapeutic Applications. Adv Protein Chem Struct Biol.
2017;107:155-89.

31

32.

33.

34.

Page 10 of 10

Figueroa-Vega N, Alfonso-Pérez M, Benedicto |, Sdnchez-Madrid F,
Gonzéalez-Amaro R, Marazuela M. Increased circulating pro-inflammatory
cytokines and Th17 lymphocytes in Hashimoto's thyroiditis. J Clin Endo-
crinol Metab. 2010;95(2):953-62.

Horie I, Abiru N, Nagayama Y, Kuriya G, Saitoh O, Ichikawa T, Iwakura Y,
Eguchi K. T helper type 17 immune response plays an indispensable role
for development of iodine-induced autoimmune thyroiditis in nonobese
diabetic-H2h4 mice. Endocrinology. 2009;150(11):5135-42.

Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F,
Grimley Evans J, Hasan DM, Rodgers H, Tunbridge F, et al. The incidence
of thyroid disorders in the community: a twenty-year follow-up of the
Whickham Survey. Clin Endocrinol (Oxf). 1995;43(1):55-68.

Resta O, Carratu P, Carpagnano GE, Maniscalco M, Di Gioia G, Lacedonia
D, Giorgino R, De Pergola G. Influence of subclinical hypothyroidism and
T4 treatment on the prevalence and severity of obstructive sleep apnoea
syndrome (OSAS). J Endocrinol Invest. 2005;28(10):893-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	The association of lymphocyte with hypothyroidism in obstructive sleep apnea
	Abstract 
	Purpose 
	Patients and methods 
	Results 
	Conclusions 

	Introduction
	Data and methods
	Study population
	Inclusion and exclusion criteria
	Data information
	Diagnostic criteria
	Statistical analysis

	Results
	Baseline information and clinical data of the study population
	Total population data characteristics
	Gender subgroup
	Age subgroup
	AHI subgroup

	Multivariate analysis of independent predictors of hypothyroidism
	ROC analysis for lymphocyte count to predict hypothyroidism in OSA patients
	Association between lymphocyte counts and PSG parameters

	Discussion
	Conclusion
	Acknowledgements
	References


