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Obstructive sleep apnea (OSA) is a common sleep disorder characterized by repeated partial or 
complete obstruction of the upper airways during sleep. In this study, we aimed to investigate 
the association of demographics and hematological biomarkers with obstructive sleep apnea 
severity in patients with pulmonary disease who were candidates for the STOP-Bang test. This 
cross-sectional study was conducted in 2022 on 122 pulmonary disease patients, who were 
candidates for the STOP-Bang test, at the outpatient clinic of Razi Hospital, Rasht, northern 
Iran. Patients scoring <3 on the STOP-Bang test were excluded from the study. Conversely, 
patients with a score of ≥3, categorized as high-risk, were candidates for home sleep apnea 
testing (HSAT). Furthermore, patients identified as candidates for OSA were also tested for C-
reactive protein (CRP) to quantitatively assess the relationship between CRP levels and the 
severity of OSA. Out of 122 patients, 51.6% were male. The mean age and body mass index 
(BMI) were 57.53 ± 13.99 years and 32.05 ± 4.41 kg/cm2, respectively. It has been demonstrated 
that height CRP, thyroid-stimulating hormone (TSH), and systolic blood pressure (SBP) are 
significantly associated with hypopnea-apnea index (HAI) in patients (P<0.05). Body mass 
index (BMI), age, neck circumference, and history of diabetes illustrated no statistically 
significant association with the severity of OSA (P<0.05). The severity of OSA was related to 
the male gender and the presence of OSA (P<0.05). According to the results, male gender and 
coexistence of OSA results in more severe conditions in these patients. 
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1. Introduction 
Obstructive sleep apnea (OSA) is a common sleep 

disorder characterized by repeated partial or complete 
obstruction of the upper airways during sleep [1]. This 
process causes periods of apnea and intermittent 
awakening from sleep, eventually leading to sleepiness 
during the day [2]. The primary risk factors for OSA 
include obesity, male gender, advancing age, 
hypertension, hyperlipidemia, and diabetes mellitus [3–
5]. Additionally, there is a higher prevalence of OSA in 
patients with certain medical conditions, and is 
associated with an increased risk of neurologic 
conditions and cardiovascular diseases, including 
hypertension, coronary artery disease, heart failure, and 
stroke. It can also lead to metabolic disturbances, such 
as insulin resistance, glucose intolerance, and 
dyslipidemia [6–8]. Multiple factors contribute to the 
development of OSA, with upper airway anatomy and 
physiological changes during sleep playing a central 
role [9]. Obesity, particularly excessive fat deposition 
around the neck and upper airway, is a significant risk 
factor for OSA. Structural abnormalities, such as a 
narrowed or collapsible upper airway, can impede 
airflow during sleep [10,11].  

Clinical evaluation, including comprehensive medical 
history, physical examination, and assessment of 
symptoms, is also essential for diagnosing OSA. 
Effective therapy for OSA aims to alleviate symptoms, 
improve sleep quality, and reduce associated health 
risks [12]. Weight loss, positional therapy, and lifestyle 
modifications can contribute to the better management 
of OSA [13]. The high frequency of OSA leads to better 
quality of life, reduced health risks for affected 
individuals, and targeted therapies to improve patient 
outcomes [14]. This study aimed to investigate the 
association of demographics and hematological 
biomarkers with obstructive sleep apnea severity in 
patients with pulmonary disease who were candidates 
for the STOP-Bang test. 

2. Materials and Methods 

2.1 Study design 

This cross-sectional study was conducted in 2022 on 
122 pulmonary disease patients, who were candidates 
for the STOP-Bang test, at the outpatient clinic of Razi 
Hospital, Rasht, northern Iran. The patients' data 
including age, gender, weight, height, and body mass 
index (BMI): underweight (BMI <18.5 kg/m2), average 
weight (BMI = 18.5–24.99 kg/m2), overweight (BMI = 
25–29.9 kg/m2) and obese (BMI ≥30 kg/m2), neck 
circumstance, underlying disease (diabetes, 
hypertension, hypothyroidism, hyperlipidemia, 
cardiovascular disease, diabetes, neurological disease, 
asthma, and allergy), systolic blood pressure (SBP), 
diastolic blood pressure (DBP), C reactive protein 
(CRP) with normal range of <6 ml/dL, thyroid 

stimulating hormone (TSH) with normal range of 0.3-5 
mU/L, fasting blood sugar (FBS) with normal range of 
70-110 mg/dL, snoring, OSA, and severity of OSA was 
recorded. Patients with chronic lung diseases such as 
chronic obstructive pulmonary disease (COPD) and 
interstitial lung disease (ILD) were excluded from the 
study.  

2.2 STOP-Bang questionnaire and home sleep 
apnea testing (HSAT) 

STOP-Bang questionnaire was used to screen OSA. 
The questionnaire consisted of two components: STOP, 
which evaluated signs and symptoms of potential OSA, 
and Bang, which assessed characteristics associated 
with an increased risk of OSA. STOP items included 
snoring, daytime sleepiness, observed episodes of sleep 
apnea, and high blood pressure. A positive response to 
two or more items suggests a high risk of OSA [15]. Due 
to the scores of the STOP-Bang questionnaire, patients 
with a score less than 3 were excluded from the study, 
and patients with a score greater than 3, were candidates 
for HSAT. Based on other sub-objectives of the 
research, the patients who were candidates for 
obstructive sleep apnea were tested for CRP.  

HSA test was evaluated by hypopnea-apnea index 
(HAI), that is the combined average number of apneas 
and hypopneas that occur per hour of sleep and 
categorized as mild (5-15 events/hour), moderate (15-30 
events/hour), and severe (> 30 events/hour) [16]. HAS 
was performed as follows; the device was connected to 
the patient's body during the night, and parameters such 
as breathing pattern, breathing pauses, and air flow were 
monitored by a breathing sensor (breathing sensor). The 
chest and abdomen movements were recorded, and a 
pulse oximeter recorded blood oxygen levels. Finally, 
according to the information collection, OSA based on 
the AHI was classified as mild, moderate, and severe. 

2.3 Statistical analysis 

Mean ± standard deviation (D), frequency, and 
percentage were used to report the data. Pearson's 
correlation coefficient and independent T-test were used 
to investigate the relationship between variables. All 
analyzes were performed by SPSS 26.0 statistical 
software (IBM Corp., Armonk, NY). A P-value less 
than 0.05 was considered statistically significant. 

3. Results 
Of 122 patients, 63 (51.6%) were males, and 59 

(48.4%) were female. The mean of age, weight, height, 
BMI, and neck circumstance were 57.53±13.99 (5-89 
years) year, 84.81±15.77 kg (11-130 kg), 163.44±9.11 
cm (130-188 cm), 32.05±4.41 kg/cm2 (23.89-50.78 
kg/cm2), and 42.12±2.7 cm (34-51 cm), respectively. 
The average of CRP, TSH, FBS, SBP, and DBP were 
12.38±3.65 ml/dL, 12.38±3.65 mU/L, 131.35±43.3 
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mg/dL, 120.74±11.72 mmHg, and 76.64±9.06 mmHg, 
respectively. Among patients, 114 (93.4%) and 93 
(76.2%) had snoring and OSA, respectively. The mean 
severity score of OSA was 16.63 ± 18.22 (0.2-74.9). As 
illustrated in Table 1, the frequency of hypertension was 
higher than other underlying diseases (39.3%), and 
asthma/allergies were less frequent. 

Table 1. Frequency of underlying disease among patients 
Underlying disease Frequency n(%) 
Hypertension 48 (39.3) 
Hyperlipidemia 37 (30.3) 
Hpothyroiditis 8 (6.6) 
Cardiovascular disease 15 (12.3) 
Diabetes 20 (16.4) 
Neurological disease 6 (4.9) 
Asthma/Allergy 1 (0.8) 

It has been demonstrated that height, CRP, TSH, and 
SBP had a significant association with HAI among 
patients (P<0.05), while other variables showed no 
statistically significant association with HAI (P>0.05). 
For an increase of one unit in height, CRP, TSH, and 
SBP, the HAI was significantly increased (P<0.05), 
Table 2. Moreover, the severity of OSA was 
significantly higher in male gender and patients with 
OSA (P<0.05) (Table 3). 

Table 2. Association between apnea-hypopnea index with 
demographical and clinical data of patients 

Variables AHI Pearson correlation P value 
Age 0.105 0.251 
Neck circumstance 0.136 0.136 
Weight 0.017 0.851 
Height 0.200 0.027 
BMI -0.026 0.780 
CRP 0.472 0.004 
TSH 0.486 <0.001 
FBS -0.038 0.678 
SBP 0.204 0.025 
DBP -0.002 0.983 

Table 3. Association between the mean of gender and symptoms of 
obstructive sleep apnea with the severity of obstructive sleep apnea in 
patients 

Variables The severity of OSA Mean±SD P value 

Gender Male 20.58±20.79 0.024 Female 12.34±13.90 

OSA Yes 19.55±19.68 0.001 No 7.37±6.87 

Snoring Yes 17.12±18.50 0.127 No 8.71±10.84 

4. Discussion 
OSA is a common disease that causes significant 

morbidity if left untreated. The current study 
investigated the frequency and related factors to the 
severity of OSA in pulmonary patients who are 
candidates for the STOP-bang test 2022. The majority 
of the study population was middle-aged and males. 
While females are more likely to represent non-specific 
symptoms of OSA, such as mood disturbance, morning 

headache, insomnia, etc. [17,18]. It reported that the 
female gender predicts a better response to mandibular 
advancement device treatment and less severe OSA 
[19,20]. A study by Bauters et al. on assessing the 
STOP-bang questionnaire between gender reported a 
lower score of females than males [21].  

Aging was reported to be associated with sleep 
dysregulation and increased rates of sleep complaints in 
the older population [22]. Moreover, consuming 
multiple medications is common among the elderly, 
which may contribute to more sleep disturbance [23]. In 
the current study, most patients were middle-aged, and 
no significant association was observed between age 
and HAI score among patients. Senaratna et al. reported 
that the risk of OSA increases with age and BMI [24]. 
Individuals with obesity have shorter sleep duration and 
more sleep problems than non-obese people, which is 
associated with poor sleep quantity and quality [25]. A 
meta-analysis study reported the association between 
OSA and metabolic syndrome [26]. Kong et al. 
demonstrated a strong relationship between OSA and 
obesity in adults [27]. Most patients in the current study 
were overweight or obese, representing higher OSA 
frequency. Also, the mean of CRP and FBS was higher 
than the normal range among the study population. A 
higher level of FBS and CRP in these patients could be 
due to their obesity. Obesity is associated with 
metabolic diseases such as diabetes and increased 
inflammatory markers such as CRP [28].  

Also, in individuals with obesity, narrowing of the 
upper respiratory muscles occurs due to the 
accumulation of fatty tissues [29]. Obstruction in 
breathing due to the narrowing of the upper airway 
causes a noticeable increase in intrathoracic pressure 
and causes OSA and hypoxia [30]. There is increased 
activation of the sympathetic system due to episodes of 
apnea/hypoxia in patients with OSA. Periods of 
hypoxemia/apnea can decrease oxyhemoglobin 
saturation depending on the duration of the apnea period 
[31]. Due to the hypoxia associated with OSA, oxidative 
stress produces excessive reactive oxygen species, 
which can cause endothelial dysfunction and 
atherosclerosis [32]. Studies showed that the 
inflammatory markers CRP, tumor necrosis factor α 
(TNF-α), and interleukin-6 (IL-6) were increased in 
patients with OSA [30,33–35].  

Additionally, Foroughi et al. reported that OSA was 
associated with upper age and a history of 
cardiovascular disease [36]. Silva et al. study showed 
increased hypertension frequency among older adults 
with OSA [37]. Also, it was demonstrated that the 
apneic episodes in OSA increase in blood preasure, 
which exposes the patient to cerebrovascular and 
cardiovascular risks [38].  

Hypertension was the most prevalent underlying 
disease among our study population, and we observed 
that by one unit increase in SBP, the AHI significantly 
increased, which susceptible patients to severe OSA. 
Similarly, Cai et al. reported that OSA is a major 
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modifiable risk factor for hypertension, and patients 
with these complications are at increased risk for 
cardiovascular diseases [39]. 

The mean of TSH in the current study was higher than 
the normal range, and hypothyroidism had a frequency 
of 6.6% among patients. Tharavaputta et al. 
demonstrated that even after adjustment for potential 
confounding variables, hypothyroidism showed a 
significant association with sleep apnea [40]. Different 
studies reported contradictory results on the association 
between hypothyroidism and sleep apnea; some 
reported a strong association, while others reported no 
significant association [40–42].  

In our study, patients with clinical suspicion were 
included due to the lack of sufficient funds for HSA 
testing. It is suggested that in future studies, the control 
group be considered to obtain a more accurate 
association between risk factors and severity of OSA. 

The findings highlighted the role of gender and 
hypothyroidism in the severity of OSA in patients with 
obstructive disease. Also, obesity, diabetes, and 
hypertension were more prevalent in these patients, 
requiring better clinical management to improve the 
patient's outcome. 
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