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Abstract
Objective  Assess differences between hematocrit levels in a population with and without obstructive sleep apnea (OSA) and 
determine if these differences correlate with disease severity and/or with levels of hypoxemia.
Material and methods  Data was collected from patients who underwent level I polysomnography (PSG) in the sleep labo-
ratory at Hospital Rainha Santa Isabel, Torres Novas, Portugal, between January 2018 and December 2022. The patients' 
medical data was analyzed and sociodemographic (gender, body mass index (BMI) and age), polysomnographic (Apnea 
and Hypopnea Index (AHI), mean SpO2, minimum SpO2, Oxygen Desaturation Index (ODI), T90 and T85) and laboratory 
data (hematocrit (HCT), hemoglobin (HGB) and erythrocyte count) were collected. Statistical analysis included one-way 
ANOVA with Tukey’s HSD for pairwise comparisons, Pearson’s correlation for associations between polysomnographic 
and hematological parameters, and multivariate regression to identify independent factors.
Results  HCT levels were found to be higher in the moderate OSA group, particularly compared to the no OSA group 
(42.34 ± 4.09% vs 40.28 ± 2.75%), with significant differences between groups (p = 0.032). Although HCT levels were shown 
to be higher in the OSA group, the mean values remained within normal range, so no patient manifested erythrocytosis.
Conclusion  Our results suggest that moderate OSA is associated with increased HCT levels but does not seem to cause 
secondary erythrocytosis. Future research should further evaluate the hypoxic burden of OSA, as increased HCT may raise 
the risk of cardiovascular complications.
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Introduction

Obstructive Sleep Apnea (OSA) involves repeated partial 
(hypopnea) or complete (apnea) obstruction of the upper 
airway during sleep, causing transient airflow restriction 
[1]. These periodic events lead to sympathetic stimulation, 
intermittent hypoxemia, hypercapnia, hypoxia-reoxygena-
tion phenomenon, endothelial dysfunction, oxidative stress, 
increased insulin resistance and sleep fragmentation [2, 3].

It’s estimated that 936 million adults aged 30–69 years 
have mild to severe OSA globally [4]. In Portugal, research 
has shown a low prevalence of OSA (0.89%) in the popula-
tion aged 25 years and older, which may indicate underdi-
agnosis of this condition [5].

Hypoxemia strongly stimulates erythropoietin (EPO) 
production and release, triggering erythropoiesis, which 
increases erythrocyte production, hemoglobin, hematocrit, 
and circulating red blood cells. EPO regulates red blood cell 
mass, while sustained hypoxia activates the transcription 
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factor HIF- 1, inducing genes that enhance EPO expression 
[6–8]. This overstimulation can lead to erythrocytosis (poly-
cythemia), which may be primary, due to a myeloprolifera-
tive disorder, or secondary, as a response to hypoxemia [9, 
10]. It is known that two hours of continuous or four hours of 
intermittent hypoxemia increase erythropoietin by 50% [11]. 
The molecular response to intermittent hypoxemia remains 
unclear. Repeated hypoxemia in OSA, followed by reoxy-
genation, likely induces cellular stress due to mitochondrial 
dysfunction, triggering factors that promote erythropoietin 
production [12].

The link between OSA and erythrocytosis remains 
debated. Studies suggest a significant association between 
HCT and erythropoietin levels in OSA patients. Meta-analy-
ses by Zhang et al. and Wu et al. confirmed elevated erythro-
poietin (EPO) and HCT levels in OSA, particularly in severe 
cases [13, 14]. Winnicki et al. further showed that increased 
EPO levels in severe OSA returned to baseline after 4–5 h of 
effective Continuous Positive Airway Pressure (CPAP) treat-
ment [15]. In Portugal there are very few studies carried out 
on this subject. Feliciano et al. reported a significant associa-
tion between hematological parameters and OSA severity. 
They also found significant decreases in Hb and HCT after 
six months of therapy with positive airway pressure (PAP), 
particularly in mild and severe OSA cases [16].

Nevertheless, other studies have found no significant 
relationship between OSA and erythrocytosis. Choi et al. 
reported no association between OSA and polycythemia 
[17]. Solmaz et al. found no significant differences in HCT 
and HGB levels between OSA and non-OSA patients [18]. 
Similarly, Nguyen et al. concluded that OSA severity does 
not correlate with increased HCT levels and is unlikely to 
cause erythrocytosis [10].

Given the inconsistent findings in the literature and the 
unclear role of hypoxemia severity versus OSA severity in 
hematological changes, this study aims to evaluate HCT lev-
els in patients with and without OSA and investigate their 
correlation with both disease severity and hypoxemia.

Methods

Study design

This was a retrospective, observational study in which data 
was collected from Rainha Santa Isabel Hospital’s sleep 
laboratory, Torres Novas, Portugal. Patients who underwent 
level I polysomnography (PSG) between January 2018 and 
December 2022 were included for analysis.

Data collection

Patients'medical records were analyzed and biographical 
data (gender, body mass index (BMI) and age), polysom-
nographic data data (Apnea and Hypopnea Index (AHI), 
mean SaO2, minimum SaO2, Oxygen Desaturation Index 
(ODI), T90, T85) and laboratory data (hematocrit, hemo-
globin and erythrocyte count) were collected. Patients under 
the age of 18, with chronic obstructive pulmonary disease 
(COPD) and/or asthma, CPAP treatment or ear, nose and 
throat (ENT) surgery, hematological diseases, diabetes, iron 
supplementation, testosterone supplementation, kidney or 
liver disease, cancer, anemia, leukemia, chronic alcoholism, 
smoking, neuromuscular disease, acute infections, preg-
nancy or polycythemia vera were excluded from the study.

Polysomnography protocol

The level I PSG included monitoring the electroencepha-
logram, electrooculogram, electromyogram, electrocar-
diogram, oronasal flow, snoring, thoraco-abdominal move-
ments, arterial oxygen saturation, body position and video 
recording. The poly-somnography and analysis software 
used included Embla N7000® and Alice 6® for signal 
acquisition, as well as Remlogic® and Sleepware G3®. 
PSG monitoring and subsequent analysis of polysomno-
graphic data were based on the guidelines of the American 
Academy of Sleep Society (AASM) V 2.5 and performed 
by highly experienced professionals[17]. Respiratory events 
were classified as apneas (episodes of oronasal flow ces-
sation of more than 90%, for at least 10 s) and hypopneas 
(episodes of oronasal flow cessation of more than 30%, for 
at least 10 s and accompanied by a drop in arterial satura-
tion of 3% or more or in the presence of as-sociated micro-
awakenings). The AHI was calculated taking into account 
the number of apneas and hypopneas per hour, with an AHI 
of less than 4.9/h reflecting the absence of OSA, an AHI of 
between 5/h and 14.9/h reflecting mild OSA (if associated 
with symptoms), an AHI of between 15/h and 29.9/h reflect-
ing moderate OSA and an AHI of 30/h or more reflecting 
severe OSA [18].

Laboratory testing

Laboratory tests considered valid were those carried out up 
to 3 months before or up to 3 months after the date of the 
PSG and prior to any OSA treatment. Erythrocytosis was 
defined as HGB levels greater than 17.6 g/dL in women 
and 17.8 g/dL in men and/or HCT levels greater than 52% 
in women and greater than 55% in men [19]. HCT, HGB 
and erythrocyte count were measured using automated 
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hematology ana-lyzer (XN- 1000 series) performed at the 
clinical laboratory of the Hospital Rainha Santa Isabel, Tor-
res Novas, Portugal.

Ethical considerations

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 
the institutional and/or national research committee (Centro 
Hospitalar do Médio Tejo ethics committee number 154421) 
and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent 
was obtained from all individual participants included in 
the study.

Statistical analysis

Patients with complete medical reports, containing all the 
relevant information required for the study, were included 
for analysis, and respective data was compiled in a database 
in SPSS, version 25.

Descriptive statistics were provided for all demographic, 
clinical and laboratory variables by calculating absolute and 
relative frequencies (categorical variables) and mean value, 
standard deviation (SD) or 95% confidence interval (continu-
ous variables).

One-way Analysis of Variance (ANOVA) was used to 
evaluate characteristics among OSA severity groups, fol-
lowed by Tukey's Honest Significant Difference (HSD) test 
to identify specific differences between pairs of groups. 
Pearson's correlation coefficient was employed to assess 
relationships between polysomnographic variables (AHI, 
ODI, SpO2, T90, T85) and hematological parameters (HCT, 
HGB, erythrocyte count). To identify independent factors 
associated with HCT, HGB, and erythrocyte count, mul-
tivariate linear regression models were constructed using 
the backward method. Variables considered in these models 
included age, gender, BMI, AHI, ODI, mean and minimum 
SpO2, T90, and T85. Statistical significance was defined 
with p-values less than 0.05 and p-values between 0.05 and 
0.10 were considered marginally significant.

Results

A total of 200 patients were included in this retrospective 
study. The general characteristics of all patients are depicted 
in Table 1.

The sample was divided in four groups defined by OSA 
severity, and the characteristics of all patients are summa-
rized in Table 2.

When analyzing the data, we realized that the patients 
with moderate OSA were the oldest, with significant 

differences between groups (p < 0.001). The no OSA 
group had the largest number of females (82%) and the 
severe OSA group had the highest BMI. Relatively to 
hematological parameters, we found the highest value of 
HCT in the moderate OSA group, with significant differ-
ences between groups (p = 0.032). There were no signifi-
cant differences between groups (p = 0.189) concerning to 
hemoglobin values. The number of erythrocytes between 
groups had a marginally significant statistical difference 
(p = 0.095).

Regarding Table 3, we verified that there was a weak 
positive correlation, showing that as the AHI, the ODI and 
the T90 increases, there is a slight increase in HCT levels. 
On the other hand, we found a weak negative correlation 
between the mean SpO2 and HCT, showing that as the mean 
SpO2 increases there’s a slight decrease in HCT levels.

No correlation was found between HGB and the poly-
somnographic variables. Relatively to the number of eryth-
rocytes, in Table 4 we saw a weak positive correlation 
with the ODI, showing that as the ODI increases, there is a 
slight increase in number of erythrocytes. However, mean 
SpO2 and the number of erythrocytes had a weak negative 
correlation (r = − 0.188) showing that as the mean SpO2 
increases there’s a slight decrease in the number of eryth-
rocytes (Table 4). We verified a weak negative correlation 
between age and HGB (r = − 0.172) and with the number of 
erythrocytes (r = − 0.190), with a significance level of 0.015 
and 0.007 respectively. Revealing that as age increases there 

Table 1   General sample characterization

The data are presented as mean ± SD. Categorical variables are pre-
sented as numbers and percentages
SD standard deviation, % percentage, BMI body mass index, AHI 
apnea hypopnea index, ODI oxygen desaturation index, SpO2 periph-
eral arterial oxygen saturation, T90% of time with SpO2 < 90%, 
T85% of time with SpO2 < 85%

n (%)

Gender Female 106 (53%) -

Male 94 (47%) -

Mean ± SD Range

Age (years) 56.89 ± 13.98 18–88
BMI (Kg/m2) 29.60 ± 4.98 18.10–46.90
AHI (events/h) 20.45 ± 19.33 0.1–102.2
ODI (events/h) 17.32 ± 18.09 0.1–101.10
Mean SpO2 (%) 94.02 ± 2.06 88–98
Minimum SpO2 (%) 84.16 ± 6.59 60–96
T90 (%) 5.72 ± 12.39 0–66.8
T85 (%) 0.96 ± 2.99 0–26.70
Hematocrit (%) 41.43 ± 3.79 31.20–51.70
Hemoglobin (g/Dl) 13.96 ± 1.44 9.7–18
Erythrocytes (10^12/L) 4.69 ± 0.43 3.43–5.80



	 Sleep and Breathing (2025) 29:181181  Page 4 of 8

is a slight decrease in the HGB levels and in the number of 
erythrocytes.

Linear multivariate regression models, using the back-
ward method, were constructed to evaluate the association 
between OSA, hypoxemia, and other factors with HCT 
(Table 5). Lower nocturnal SpO2 and T85 were associated 
with higher hematocrit after controlling for age and gen-
der. In contrast, SpO2 min.; AHI; ODI; T90 and BMI were 
excluded and were not associated with HCT in the assessed 
models. Analyzing the SpO2, for each unit increase in 

average SpO2, HCT decreases by 0.568 units, with other 
variables constant and for each unit increase in T85, HCT 
decreases by 0.201 units, holding other variables steady. 
This regression analysis demonstrates that age and average 
SpO2 have a significant negative relationship with HCT, 
while male gender has a significant positive relationship. 
The variable T85 also shows a significant negative impact 
on HCT, but with a smaller effect size.

In Table 6 we have the multivariable regression with 
HGB. Lower nocturnal SpO2 and T85 were associated with 

Table 2   - Demographic characterization, Polysomnographic data and Hematological parameters of all patients divided by OSA severity

The data are presented as mean ± SD. Categorical variables are presented as numbers and percentages
SD standard deviation, N number of individuals, % percentage, BMI body mass index, AHI apnea hypopnea index, ODI oxygen desaturation 
index, SpO2 peripheral arterial oxygen saturation, T90% of time with SpO2 < 90%, T85% of time with SpO2 < 85%
a  p-value < 0.05 between No OSA and Mild OSA
b  p-value < 0.05 between No OSA and Moderate OSA
c  p-value < 0.05 between No OSA and Severe OSA
d  p-value < 0.05 between Mild OSA and Moderate OSA
e  p-value < 0.05 between Mild OSA and Severe OSA
f  p-value < 0.05 between Moderate OSA and Severe OSA

No OSA
(n = 50)

Mild OSA
(n = 50)

Moderate OSA
(n = 50)

Severe OSA
(n = 50)

p-value Anova

Age (years) 48.46 ± 13.60 55.14 ± 13.11 62 ± 10.87 61.96 ± 13.78  < 0.001a,b,c,d,e

BMI (Kg/m2) 28.01 ± 5.16 28.51 ± 4.65 30.40 ± 4.49 31.46 ± 4.94 0.001c,e

Gender Female 41(82%) 27(54%) 19(38%) 19(38%)  < 0.001
Male 9(18%) 23(46%) 31(62%) 31(62%)

AHI (events/h) 2.21 ± 1.48 9.53 ± 2.77 22.13 ± 4.41 47.92 ± 15.96  < 0.001a−f

ODI (events/h) 1.84 ± 1.95 7.37 ± 3.79 18.02 ± 6.13 42.02 ± 17.47  < 0.001a−f

Mean SpO2 (%) 95.51 ± 1.34 94.62 ± 1.60 93.44 ± 1.96 92.50 ± 1.93  < 0.001b,c,d,ef

Minimum SpO2 (%) 89.20 ± 4.62 85.58 ± 4.82 82.64 ± 5.57 79.22 ± 6.77  < 0.001a−f

T90 (%) 0.47 ± 1.37 2.03 ± 6.71 7.53 ± 13.64 12.86 ± 17.11  < 0.001b,c,e

T85 (%) 0.12 ± 0.59 0.13 ± 0.43 0.64 ± 1.19 2.94 ± 5.38  < 0.001c,e,f

Hematocrit (%) 40.28 ± 2.75 41.13 ± 3.48 42.34 ± 4.09 41.95 ± 4.41 0.032b

Hemoglobin (g/Dl) 13.61 ± 1.02 13.99 ± 1.36 14.23 ± 1.48 14.01 ± 1.77 0.189
Erythrocytes (10^12/L) 4.58 ± 0.38 4.66 ± 0.37 4.78 ± 0.44 4.75 ± 0.51 0.095

Table 3   Univariate Pearson’s correlations between hematocrit and 
polysomnographic variables

AHI apnea hypopnea index, ODI oxygen desaturation index, SpO2 
peripheral arterial oxygen saturation, T90% of time with SpO2 
< 90%, T85% of time with SpO2 < 85%

Variables R P

Age (years) − 0.130 0.067
AHI (events/h) 0.152 0.031
ODI (events/h) 0.151 0.033
Mean SpO2 (%) − 0.208 0.003
Minimum SpO2 (%) − 0.080 0.262
T90 (%) 0.181 0.011
T85 (%) 0.043 0.550

Table 4   Univariate Pearson’s correlations between the number of 
erythrocytes and polysomnographic variables

AHI apnea hypopnea index, ODI oxygen desaturation index, SpO2 
peripheral arterial oxygen saturation, T90% of time with SpO2 
< 90%, T85% of time with SpO2 < 85%

Variables R P

Age (years) − 0.190 0.007
AHI (events/h) 0.122 0.084
ODI (events/h) 0.139 0.049
Mean SpO2 (%) − 0.188 0.008
Minimum SpO2 (%) − 0.129 0.068
T90 (%) 0.134 0.059
T85 (%) 0.072 0.313
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higher HGB after controlling for age and gender. In con-
trast, SpO2 min.; AHI; ODI; T90 and BMI were excluded 
and were not associated with HGB in the assessed models. 
Analyzing the SpO2, for each unit increase in average SpO2, 
HGB decreases by 0.161 units, with other variables con-
stant and for each unit increase in T85, HGB decreases by 
0.078 units, holding other variables steady. This regression 
analysis demonstrates that age and average SpO2 have a sig-
nificant negative relationship with hemoglobin, while male 
gender has a significant positive relationship. The variable 
T85 also shows a significant negative impact on HGB, but 
with a smaller effect size.

The multivariable regression with the number of erythro-
cytes is written in Table 7. Lower nocturnal SpO2 was asso-
ciated with higher number of erythrocytes after controlling 
for age and gender. In contrast, SpO2 min.; AHI; ODI; T90, 
T85 and BMI were excluded and were not associated with 
the number of erythrocytes in the assessed models. Analyz-
ing the SpO2, for each unit increase in average SpO2, the 
number of erythrocytes decreases by 0.050 units, with other 
variables constant. This regression analysis demonstrates 

that age and average SpO2 have a significant negative rela-
tionship with the number of erythrocytes, while male gender 
has a significant positive relationship.

Discussion

OSA is considered a potential cause of secondary erythro-
cytosis, but evidence showing an association between OSA 
and erythrocytosis or elevated HCT values remains incon-
sistent. Increased HCT levels in OSA are thought to arise 
in response to intermittent episodes of hypoxemia, which 
stimulate circulating erythropoiesis-inducing factors. In 
this study, we observed that the highest value of HCT was 
found in the moderate OSA group, with significant differ-
ences between groups, particularly between the no OSA and 
moderate OSA groups. Despite this, HCT values remained 
within the normal range, and no cases of erythrocytosis were 
identified. This finding is consistent with several studies 
(Cummins et al., Li et al., Rha et al.) reporting higher HCT 

Table 5   Multivariable 
regression with dependent 
variable hematocrit

SpO2 peripheral arterial oxygen saturation, T85% of time with SpO2 < 85%

95,0% CI

Variable B SE LL UL B p

(Constant) 93.995 14.190 66.009 121.981  < 0.001
Gender (m) 3.590 0.455 2.693 4.486 0.474  < 0.001
Age − 0.075 0.018 − 0.110 − 0.040 − 0.276  < 0.001
Mean SpO2 (%) − 0.568 0.144 − 0.852 − 0.284 − 0.309  < 0.001
T85 (%) − 0.201 0.089 − 0.378 − 0.025 − 0.159 0.026

Table 6   Multivariable 
regression with dependent 
variable hemoglobin

SpO2 peripheral arterial oxygen saturation, T85% of time with SpO2 < 85%

95,0% CI

Variable B SE LL UL B P

(Constant) 28.699 5.317 18.213 39.185  < 0.001
Gender (m) 1.481 0.170 1.145 1.816 0.514  < 0.001
Age − 0.030 0.007 − 0.043 − 0.017 − 0.289  < 0.001
Mean SpO2 (%) − 0.161 0.054 − 0.268 − 0.055 − 0.231 0.003
T85 (%) − 0.078 0.034 − 0.144 − 0.012 − 0.163 0.021

Table 7   Multivariable 
regression with dependent 
variable number of erythrocytes

SpO2 peripheral arterial oxygen saturation

95,0% CI

Variable B SE LL UL b P

(Constant) 9.518 1.440 6.678 12.359  < 0.001
Gender (m) 0.326 0.055 0.218 0.433 0.376  < 0.001
Age − 0.010 0.002 − 0.014 − 0.006 − 0.316  < 0.001
Mean SpO2 (%) − 0.050 0.015 − 0.079 − 0.022 − 0.240 0.001
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values in OSA patients but a low prevalence of erythrocyto-
sis, ranging from 0.3% to 8% [7, 13, 14, 18–20].

Several studies support our findings. Cummins et al. 
reported significant differences in HCT and HGB across 
OSA severity levels, with higher HCT in severe OSA com-
pared to no OSA [19]. Li et al. found that RBC count, HGB, 
and HCT increased with OSA severity [20], while Rha et al., 
in a meta-analysis, reported significantly higher HCT val-
ues in OSA patients compared to controls [7]. Notably, the 
highest HCT levels were typically observed in moderate or 
severe OSA groups, likely due to greater episodes of hypox-
emia stimulating erythropoiesis. In contrast, milder OSA 
does not provide sufficient hypoxemic stimulus to signifi-
cantly raise HCT levels. Studies by Choi et al. and Fan et al. 
also found higher HCT in severe OSA patients compared to 
non-apneic or mild-to-moderate OSA groups [3, 17].

Our study did not identify significant differences in 
HGB values between OSA groups (p = 0.189). This aligns 
with previous research suggesting that hypoxemia in OSA 
increases HCT and RBC count but does not sufficiently stim-
ulate an increase in HGB levels. A possible explanation lies 
in the multifactorial nature of anemia, which becomes more 
prevalent with age [21]. Given the mean age of our cohort 
was 57 years, age-related anemia ("anemia of aging") may 
have influenced our results.

We found that patients with higher AHI, ODI, and T90 
had higher HCT levels. HCT was also raised in patients 
with lower mean SpO2. These findings are consistent with 
Cummins et al., who reported positive correlations between 
AHI, HGB, HCT, and RBC count, and negative correlations 
between average SpO2 and these hematological parameters 
[19]. Similarly, Choi et al. showed that AHI, mean SpO2, 
and T90 were highly correlated with HCT [17]. However, 
Li et al. identified average SpO2, rather than AHI, as an 
independent predictor of polycythemia [20]. In contrast, our 
results did not show a correlation between HGB and the 
polysomnographic variables.

Incorporating age adjustment, we used linear multivari-
able regression models, which revealed that age and average 
SpO2 had significant negative associations with all hemato-
logical parameters evaluated (HCT, RBC, and HGB). T85 
had a negative impact on HCT and HGB but with a smaller 
effect size. These findings highlight the stronger influence 
of sustained hypoxemia (as indicated by T85) compared to 
intermittent hypoxemia (e.g., AHI and ODI) on hematologi-
cal variables. It should also be noted that AHI was not sig-
nificantly associated with any hematological parameter in 
our adjusted models.

Although we observed increased HCT levels in OSA 
groups, the average values remained within normal ranges, 
and no patients exhibited erythrocytosis. This low preva-
lence aligns with studies suggesting that OSA-induced 
erythrocytosis depends on the intensity, frequency, and 

duration of intermittent hypoxia [7, 10, 17–20]. Ryan et al. 
showed that intermittent hypoxia and reoxygenation selec-
tively activate inflammatory pathways rather than hypoxia-
dependent transcriptional pathways required for erythropoie-
sis [22]. Sustained hypoxemia, however, does activate these 
pathways, as shown in studies like Yuan et al. and Nagel 
et al. [23, 24]. Our sample, with an average SpO2 of 94%, 
and 93% in the severe OSA group, likely did not experience 
sufficient hypoxemic burden to stimulate EPO production. 
Furthermore, Wojan et al. demonstrated that short protocols 
of intermittent hypoxia (e.g., five cycles) are insufficient to 
trigger a rise in EPO levels, requiring longer or more severe 
desaturation episodes [25].

Another explanation for the absence of erythrocytosis is 
the well-documented role of inflammation in suppressing 
erythropoiesis. OSA patients often exhibit elevated inflam-
matory markers, which induce hepcidin production, restrict-
ing iron availability and suppressing erythropoiesis [26]. 
Song et al. reported modest erythropoietic stimulation in 
OSA, which normalized after CPAP therapy, with no accom-
panying increase in HGB [27]. These findings reinforce the 
suppressive role of inflammation in erythropoiesis in OSA 
patients.

This study provides valuable insights into the relationship 
between OSA, hypoxemia, and hematological parameters by 
analyzing a well-defined sample of 200 patients diagnosed 
through full overnight polysomnography, the gold standard 
for OSA assessment. The use of strict inclusion and exclu-
sion criteria reduces confounding factors. Also, this study 
evaluates key hypoxemia indicators (mean SpO2, T85, and 
T90), helping to clarify whether intermittent hypoxemia is 
a sufficient stimulus for sustained erythropoiesis. The inclu-
sion of multivariable regression analysis further enhances 
the robustness of the results by identifying independent pre-
dictors of hematocrit, hemoglobin, and erythrocyte count 
while adjusting for confounders such as age, gender, and 
BMI. Otherwise, some limitations may be considered. The 
study is retrospective, implying that data was collected from 
existing records. This can lead to selection bias and limita-
tions in the quality and consistency of available data (failure 
to record in the clinical diary). Uncontrolled confounding 
factors, including individual variations in lifestyle, diet, and 
other undiagnosed health problems, may influence results. 
The use of SpO2 averages and minimum values ​​may not 
fully capture the complexity of intermittent hypoxemia asso-
ciated with OSA, potentially underestimating its influence 
on hematological variables.

In conclusion, while our study found that OSA, particu-
larly in moderate cases, is associated with increased HCT, 
these values remain within normal ranges, and OSA does 
not typically cause secondary erythrocytosis. Our findings 
suggest that clinicians may consider evaluating OSA in 
patients with higher or borderline HCT levels, particularly 
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when other causes of elevated HCT have been ruled out. 
Identifying underlying sleep-disordered breathing in these 
patients could contribute to better management of poten-
tial cardiovascular risks associated with both OSA and 
increased HCT.

Future research should focus on quantifying OSA-
specific hypoxic burden, which considers the frequency, 
depth, and duration of respiratory event-related desatura-
tion, and correlating it with hematological variables to 
elucidate these mechanisms further.
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