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Study Objectives: Hypoxemic effects of obstructive sleep apnea (OSA) have been implicated in changes in erythropoiesis and hence erythrocyte measures.
Sex differences are evident in both OSA and erythropoiesis. Whether sex modulates the relationship between severity of OSA and erythrocyte measures has
not previously been studied.
Methods: We examined a sample of 976 patients (38% women) who underwent overnight polysomnography and measurement of red blood cell count,
hemoglobin, and hematocrit. Patients were divided into primary snoring and mild, moderate, and severe OSA groups, separately by sex.
Results: In multiple regression models, we found significant interactions between sex and oxygen desaturation index and apnea-hypopnea index on erythrocyte
measures. Higher oxygen desaturation index and higher apnea-hypopnea index were independently associated with higher red blood cell count,
hemoglobin, and hematocrit in women but not in men. Further ordinal logistic regression analysis showed a significant association between oxygen desaturation
index (odds ratio, 2.33; 95% confidence interval, 1.17–4.66) and apnea-hypopnea index (odds ratio, 2.44; 95% confidence interval, 1.23–4.84) and red blood cell
count in women only. Correlation analysis also showed that erythrocyte measures and markers of cardiometabolic risk were more closely correlated in women
than in men.
Conclusions: This study provides novel data suggesting a significant association between erythrocyte measures and OSA severity in women but not in men.
Similarly, the relationship between hematologic metrics and cardiometabolic risk markers was more pronounced in women than in men. Our findings suggest
a sex-specific impact of OSA on erythrocyte measures and on their relationship with indexes of cardiometabolic risk.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea (OSA) and erythrocyte measures are both linked to cardiometabolic diseases. Sex
differences are evident in both OSA and erythropoiesis. However, little is known regarding the relationship between sex, OSA severity, erythrocyte
measures, and cardiometabolic risk markers.
Study Impact: This study revealed significant interactions between sex and metrics of OSA severity on erythrocyte parameters, suggesting that OSA
is associated with hematologic measures in women but not in men. Closer associations between erythrocyte measures and cardiometabolic risk markers
were found in women than in men.

INTRODUCTION

Obstructive sleep apnea (OSA) is a prevalent sleep disorder
characterized by upper airway obstruction and recurrent in-
termittent hypoxemia during sleep.1 Repetitive intermittent
hypoxemia may induce cardiometabolic dysfunction, favoring
obesity, hypertension, and increased risk of adverse cardio-
vascular events and sudden death.2 Hypoxemia is a potent
stimulus for production and release of erythropoietin resulting
in increased red blood cell production in bone marrow and in
circulating erythrocyte measures (red blood cell count, hemoglo-
bin, hematocrit).3 A well-described determinant of increased
erythrocyte parameters is chronic hypoxemia, which may be

caused by environmental conditions, such as hypobaric hyp-
oxia, and by medical disorders such as chronic obstructive
pulmonary disease. Elevated erythrocyte measures have been
linked to poor cardiovascular health in both cross-sectional
and longitudinal studies. Increased levels of red blood cells,
hemoglobin, and hematocrit have been found to predict con-
current and future metabolic syndrome.4,5 Associations be-
tween erythrocyte measures and heightened risk of coronary
heart disease have been also reported.6,7

Intermittent hypoxemia may also stimulate erythropoiesis.
As outlined in the guidelines for evaluation and management of
polycythemia, OSA is considered as a differential diagnosis of
secondary polycythemia.8,9 Indeed, there is evidence that OSA
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may induce increases in erythropoietin.10 However, the evi-
dence that OSA can cause clinically significant polycythemia
is largely anecdotal or based on case reports.11 To date, only a
few studies have examined the association between OSA and
erythrocyte measures.12–16 Choi et al13 found that patients with
severe OSA had higher hematocrit and hemoglobin than pa-
tients without OSA and patients with mild-to-moderate OSA,
but red blood cell count was not reported. Conversely, other
studies did not find any associations between OSA severity and
hematocrit or hemoglobin level,12,14,15 although 1 study found
significant differences in red blood cell count among different
OSA severity groups.14 Collectively, these studies concluded
that OSA does not cause clinically significant polycythemia,
thus challenging current recommendations.

Sex differences have been reported with regard to both
erythrocyte measures and OSA. Women are known to have
lower levels of hemoglobin in venous blood than men,17 and
sex-specific associations between erythrocyte measures and
cardiovascular disease have been documented.18 A longitudinal
analysis of the Second National Health and Nutrition Exami-
nation Survey showed that women in the upper tertile of he-
matocrit levels were more likely to die from coronary heart
disease than those in the lowest tertile, whereas no association
was found in men.18 Sex differences are also evident in OSA.
The prevalence of sleep apnea is higher in young and middle-
aged men than in their female counterparts,19 but the morbidity
gap narrows among older adults, as the likelihood of OSA in
women increases markedly after menopause.20,21 Importantly,
the relationship between OSA and cardiovascular disease ap-
pears to be modified by sex, although evidence in this matter
remains controversial. For instance, numerous studies found
male patientswithOSA to bemore likely to have cardiovascular
disease than female counterparts.22,23 Roca et al24 found that
OSA was independently associated with incident heart failure
or death only in women.

Little is known regarding the relationship between sex, OSA
severity, and erythrocyte measures. In a study of 624 patients
with a mean apnea-hypopnea index (AHI) of 18 events/h,
Hoffstein et al12 found no significant differences in hemoglobin
concentration or hematocrit between the lowest (0–4 events/h)
and the highest quartile of AHI (28–129 events/h) in either male
or female patients. It should be pointed out that, despite the
large sample size, half of the patients included in this study did
not have OSA, and hypoxemia during the night was, on aver-
age, only mild. In another retrospective study of patients with
OSA, significant differences in red blood cell count were found
among women with OSA but not among men.14 Importantly,
this study did not take into account potential confounders such
as age and body mass index (BMI). Thus, it remains unclear
whether there is any relation between OSA severity and elevated
erythrocytemeasures andwhether and how it is influenced by sex.

Additionally, although OSA and increased erythrocyte
measures are both associated with unfavorable cardiometabolic
risk profiles, the relation between erythrocyte measures and
cardiometabolic markers in patients with OSA are not well
understood. Given the established sex differences in OSA and
in erythrocyte measures, we sought to examine whether the
association between OSA severity and erythrocyte measures

are modulated by sex, using a large sample of male and female
patients with OSA. We further assessed the relationship be-
tween hematologic measures and cardiometabolic risk indices
separately in both sexes.

METHODS

Study design and setting
This was a cross-sectional, retrospective study carried out
in the Sleep Medicine Center, West China Hospital,
Sichuan University, China. The study protocol was approved
by the University’s Institutional Review Board, and informed
consent was obtained from each participant when undergoing
polysomnography (PSG).

Participants
All participants were Chinese adults (>18 years old) with
suspected OSA. Based on self-reported medical history, we
excluded patients with severe heart disease, liver disease,
kidney disease, severe anemia, chronic obstructive pulmonary
disease, and use ofmedications affecting erythropoiesis, such as
polyferose complex.

Overnight PSG
All participants underwent overnight PSG between June 2014
and November 2017. Recording techniques and estimation
of sleep parameters followed the American Academy of Sleep
Medicine standards.25 Sleep data were collected and scored
via the Alice 5 Diagnostic Sleep System (Philips Respironics,
Bend, OR). Measures included electroencephalography
(F4–M1, C4–M1, O2–M1, F3–M2, C3–M2, O1–M2), bilateral
electrooculography, electrocardiography, electromyography
(submental and anterior tibialis), nasal and oral thermal airflow,
nasal pressure, thoracoabdominal movements, and peripheral
arterial oxygen saturation. Sleep was scored by a senior tech-
nician who was blind to any diagnosis. An oxygen desaturation
event was defined as at least 3% reduction in oxygen saturation.
Oxygen desaturation index (ODI) was computed as the sum
of oxygen desaturation events divided by total sleep time. An
apnea was defined as more than 90% reduction in airflow for
at least 10 seconds and hypopnea as 30% or more reduction of
nasal pressure for at least 10 seconds associated with at least
3% reduction in oxygen saturation or arousal. AHI was com-
puted as the sumof apneic and hypopneic events divided by total
sleep time. OSA was defined as AHI ≥ 5 events/h, whereas
snorers with AHI < 5 events/h were included in the primary
snoring group. Sleep apnea severity was graded by using AHI
as mild (5–14.9 events/h), moderate (15–29.9 events/h), or
severe (≥30 events/h). Arousal index was computed as the total
number of arousals divided by total sleep time.

Clinical and blood measurements
All participants completed a comprehensive questionnaire
assessing history of sleep complaints, general health, and
medication use.Menopause status was ascertained based on the
characteristics of menses or time since amenorrhea.26 Post-
menopause was defined as 12 or more months of amenorrhea
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occurring naturally or because of surgical interventions such
as bilateral oophorectomy.

Body weight was measured to the nearest 0.1 kg by using a
scale, with participants in light clothing without shoes. Height
was measured to the nearest 0.5 cm by using a stadiometer,
with the participant barefoot. BMI was calculated as kilograms
divided by meters squared. Neck circumference was measured
at the upper margin of the thyroid cartilage. Waist circumfer-
ence was measured at the navel level and hip circumference at
the level of maximum extension of the hip. All circumference
measurements were taken at the end of expiration to the nearest
0.1 cm by using a tape.

Supine blood pressure (BP) was measured by a pneumoelectric
microprocessor–controlled instrument (DS-1902,Nissei,Gunma,
Japan) in the evening, before beginning the PSG, and in the
morning at the end of the sleep study, with the patient recumbent.
The accuracy of the instrument is ±3 mm Hg, with internal
calibration conducted before each measurement; calibration
against mercury sphygmomanometer was conducted at least
annually. Evening and morning BP values were averaged for
analysis. Hypertensionwas defined as (1) systolic BP ≥ 140mm
Hg or diastolic BP ≥ 90 mm Hg, (2) taking antihypertensive
medication, or (3) diagnosis of hypertension by a physician.

Venous blood samples were drawn in the morning after
overnight PSG recording. Hematocrit level, hemoglobin value,
and red blood cell counts were measured using an automated
hematology analyzer (SYSMEXXE-5000, Sysmex, Kobe, Ja-
pan). Polycythemia was defined as hemoglobin greater than
185 g/L or hematocrit greater than 0.52 in men or greater than
165 g/L and 0.48 in women, respectively.8

Statistical analysis
Data are presented as mean and standard deviation for
continuous variables and count and percentage for categor-
ical variables. Comparisons across different OSA severity
groups were performed separately by sex using one-way
analysis of variance and Mann-Whitney U tests for nor-
mally and nonnormally distributed data, respectively, and a χ2

test for categorical variables.
Crude and adjusted linear regression models with entering

method were applied to calculate the coefficient and 95%
confidence interval (CI) for the relationship between OSA
and erythrocyte measures. Estimates were calculated for every
5-unit increment in ODI and AHI. Model 1 included age and
BMI as covariates, whereas model 2 further adjusted for neck
circumference, waist-to-hip ratio, smoking, alcohol use, and
hypertension (plus menopausal status for women). Two-way
interaction terms (sex × AHI or sex × ODI) were added to
multivariable linear regression models to test the moderating
effect of sex on the association between AHI or ODI and
erythrocyte parameters.

We further computed tertiles of red blood cell, hemoglobin,
and hematocrit values in men and women separately. Ordinal
logistic regression analysis was used to assess independent
associations between tertiles of erythrocyte measures and OSA
severity, defined by AHI and ODI, in female and male par-
ticipants. Adjusted odds ratios were estimated by correcting for
the covariates mentioned in model 1 and model 2. Correlation

analysis was used to explore the association between erythro-
cyte and cardiometabolic measures. Moreover, to account for
sex differences in age, BMI and AHI and their possible effects
on outcomes of interest, we conducted a secondary comparison
analysis on a subset of male and female participants matched
for such variables. Analysis of covariance was also used to
examine dose-response associations between OSA severity
and erythrocyte measures in matched male and female par-
ticipants after controlling for potential confounders.

RESULTS

A total of 976 patients were included in our study, of whom 607
were men and 369 were women. Table S1 in the supplemental
material presents demographic and clinical characteristics of
female and male participants. As shown in the table, women
were older, had lower BMI, andwere less likely to smoke, drink
alcohol, and have hypertension and OSA compared with men.
Characteristics of women and men with primary snoring and
different levels of OSA severity are described in Table 1
and Table 2. Patients with severe OSA were older, with higher
BMI, and greater prevalence of hypertension, irrespective of
sex. Women with higher AHI were also more likely to be
postmenopause. Non–rapid eye movement sleep stage 3, non–
rapid eye movement stage 2, and mean oxygen saturation de-
creased, whereas non–rapid eye movement sleep stage 1, AHI,
and ODI increased both in women and men with increasing
OSA severity. Regarding hematologic measures, mean red blood
cell, hemoglobin, and hematocrit levelswere in clinically accepted
normal ranges both in men and women. Among all patients,
42 (4.3%) met the diagnosis of polycythemia, and 37 of them
were diagnosed with severe OSA (mean AHI = 66.5 events/h).
Women with severe OSA had progressively higher levels of red
blood cell count and hematocrit than those with milder disease.
Conversely, men with moderate OSA had lower erythrocyte
parameters than those with primary snoring and severe OSA.

Scatter plots illustrate the association between AHI or ODI
and red blood cell, hemoglobin, and hematocrit in men and
women (Figure 1 and Figure S1). Multiple linear regression
models with interaction terms (sex × AHI) showed significant
sexbyAHI interactions on all hematologicmeasures (Figure 2).
Similar sex interactions were found using ODI as a predictor
(Figure S2). Results of the linear regression models on the
association between AHI or ODI and erythrocyte measures in
men and in women are presented in Table 3. In univariate
models, higherAHIwas significantly associatedwith higher red
blood cell count, hemoglobin, and hematocrit in both sexes. In
women, the associations between AHI and red blood cell count
and hematocrit withstood after adjustment for age and BMI
(model 1), whereas the relation with hemoglobin was mar-
ginally nonsignificant (P = .07). After further controlling for
neck circumference, waist-to-hip ratio, smoking, alcohol use,
and hypertension (plusmenopausal status forwomen;model 2),
AHI remained significantly associated with higher red blood
cell count and hematocrit in female patients. Adjusted models
showed no associations between AHI and hematologic parameters
inmen. For ODI, greater ODI was significantly associated with
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higher red blood cell count, hemoglobin, and hematocrit in
women both in crude models and in fully adjusted models.
Conversely, the associations between ODI and hematologic
parameters in men evident in univariate models did not retain
significant in multivariable adjusted analysis.

When we further examined the association between OSA
severity and hematologic parameters categorized as tertiles, we
found that women with AHI ≥ 30 events/h had 2.44 times
higher odds for higher red blood cell count comparedwith those
with primary snoring in the fully adjusted model (odds ratio,
2.44; 95% CI: 1.23–4.84; Table 4). Similarly, the odds for
higher red blood cell count were 2.33 times greater in women
with ODI ≥ 30 events/h compared with those with ODI < 5
events/h in the fully adjusted model (odds ratio, 2.33; 95% CI:
1.17–4.66;Table 4).Table 5 shows the results of the correlation

analysis between erythrocyte measures and cardiometabolic
risk markers in all participants and separately in men and
women. In the entire sample, erythrocyte measures were pos-
itively associatedwithBMI,waist andhip circumference,waist-
to-hip ratio, BP, and comorbid hypertension. When examined
separately in female and male participants, such associations
were more consistently observed in women than in men, and
correlation coefficients were overall higher in the former group.

In secondary analysis restricted to men and women matched
for age, BMI, and AHI (n = 53 in each group), comparisons
between sexes showed that only female patients with higher
AHI had higher red blood cell count, hemoglobin, and he-
matocrit than those with lower AHI (Table S2). Further insight
into the observed dose-response associations between OSA
severity and erythrocyte measures in matched female and male

Table 1—Demographic, clinical, sleep, and erythrocyte characteristics of primary snoring and OSA women.

Primary snoring
(n = 168)

OSA
PMild OSA

(n = 76)
Moderate OSA

(n = 54)
Severe OSA
(n = 71)

Age (yr) 40.44 ± 11.91 48.86 ± 12.98 51.93 ± 11.17 55.62 ± 12.30 <.001

BMI (kg/m2) 22.31 ± 3.58 23.42 ± 3.85 25.85 ± 3.45 27.23 ± 4.55 <.001

Neck circumference (cm) 33.28 ± 3.65 33.48 ± 2.79 34.32 ± 2.80 35.64 ± 3.56 <.001

Waist circumference (cm) 79.39 ± 9.57 82.92 ± 10.09 89.90 ± 10.09 95.46 ± 13.32 <.001

Hip circumference (cm) 93.58 ± 6.64 95.19 ± 7.19 99.44 ± 6.11 102.15 ± 9.22 <.001

Waist-to-hip ratio 0.85 ± 0.07 0.87 ± 0.07 0.89 ± 0.10 0.94 ± 0.07 .001

Postmenopause, n (%) 36(21.43) 31(40.79) 35(64.81) 51(71.83) <.001

Smoking, n (%) 7(4.17) 7(9.21) 2(3.70) 4(5.63) .06

Alcohol use, n (%) 13(7.74) 4(5.26) 4(7.41) 5(7.04) .09

Hypertension, n (%) 33(19.64) 33(43.42) 21(38.89) 52(73.24) <.001

Diabetes, n (%) 4(2.38) 3(3.95) 3(5.56) 8(11.27) .01

Polycythemia, n (%) 1(0.60) 1(0.60) 0(0) 4(5.63) .03

SBP, mm Hg 117.13 ± 15.86 123.70 ± 18.25 126.78 ± 14.53 136.36 ± 18.26 <.001

DBP, mm Hg 73.63 ± 10.34 76.89 ± 11.65 78.37 ± 10.31 82.17 ± 10.04 <.001

ESS 5.97 ± 5.94 7.47 ± 6.20 5.42 ± 4.96 8.71 ± 6.47 .003

TST (min) 410.66 ± 86.07 406.37 ± 79.15 406.80 ± 99.34 412.12 ± 100.96 .97

N1 (%) 18.08 ± 10.37 20.37 ± 8.79 22.10 ± 12.40 41.85 ± 20.72 <.001

N2 (%) 54.85 ± 11.97 54.93 ± 10.21 52.71 ± 12.58 38.44 ± 17.96 <.001

N3 (%) 9.42 ± 7.88 7.85 ± 6.96 7.43 ± 7.97 4.69 ± 6.77 <.001

R (%) 17.66 ± 6.23 16.85 ± 6.24 17.77 ± 6.63 15.01 ± 5.68 .02

AHI (events/h) 1.67 ± 1.42 9.20 ± 2.82 21.97 ± 4.49 62.95 ± 21.96 <.001

ODI (events/h) 1.56 ± 1.60 8.01 ± 3.91 20.55 ± 6.71 60.77 ± 23.93 <.001

Mean SaO2 (%) 96.43 ± 1.12 95.58 ± 1.34 94.63 ± 2.38 92.01 ± 4.88 <.001

Nadir SaO2 (%) 90.68 ± 3.53 85.03 ± 9.69 77.70 ± 15.42 67.51 ± 19.93 <.001

Arousal index (events/h) 12.03 ± 7.46 14.35 ± 9.49 15.60 ± 10.39 31.69 ± 18.76 <.001

RBC (1012/L) 4.44 ± 0.37 4.47 ± 0.38 4.55 ± 0.39 4.68 ± 0.49 <.001

Hb (g/L) 132.64 ± 11.48 133.25 ± 10.79 134.35 ± 11.65 136.55 ± 13.22 .12

Hct (L/L) 0.40 ± 0.03 0.41 ± 0.03 0.41 ± 0.03 0.42 ± 0.04 .03

Categorical variables are presented as number and percentages, and continuous variables are presented as mean ± SD. AHI = apnea hypopnea index,
BMI = bodymass index, DBP =diastolic blood pressure, ESS=Epworth Sleepiness Scale, Hb =hemoglobin, Hct = hematocrit, N1–3 =non–rapid eyemovement
sleep 1–3, ODI = oxygen desaturation index, OSA = obstructive sleep apnea, R = rapid eye movement sleep, RBC = red blood cell, SaO2 = oxygen saturation,
SBP = systolic blood pressure, TST = total sleep time.
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patients are provided in Figure S3. After multivariable adjust-
ment, greater OSA severity remained significantly associated
with increased red blood cell count and hematocrit only in
women (P for trend < .05), consistent with the analysis on the
entire sample. Last, the pattern of correlations between he-
matologicmeasures and cardiometabolic indices in thematched
subgroup resembled again that seen in the entire sample,
with stronger correlations between measures seen in women
(Table S3).

DISCUSSION

In this cross-sectional study, we observed significant inter-
actions between sex and metrics of OSA severity on eryth-
rocyte measures. We showed, for the first time, that greater

AHI and ODI were independently associated with higher
erythrocyte parameters in women but not inmen. Importantly,
erythrocyte measures and cardiometabolic risk markers were
more closely correlated in women with OSA than in men
with OSA.

The implications of OSA on erythropoiesis have not been
fully established, as only a few large studies have investigated
erythrocyte measures in relation to OSA, yielding conflicting
results. In our sample of 976 patients, we found significant
associations between AHI or ODI and erythrocyte parameters
after multivariable adjustment. This is consistent with the
findings reported byChoi et al13 in a sample of 263patients (72%
male). On the other hand, others did not find any associations
between OSA severity and hemoglobin or hematocrit.12,14,15 It
is conceivable that such a discrepancy can be partly attributed
to the effects of sex differences, although this hypothesis has

Table 2—Demographic, clinical, sleep, and erythrocyte characteristics of primary snoring and OSA men.

Primary snoring
(n = 85)

OSA
PMild OSA

(n = 97)
Moderate OSA

(n = 84)
Severe OSA
(n = 341)

Age (yr) 40.23 ± 13.86 43.37 ± 11.96 47.37 ± 11.75 46.26 ± 10.84 <.001

BMI (kg/m2) 22.83 ± 2.82 24.92 ± 2.87 25.09 ± 3.05 27.57 ± 3.47 <.001

Neck circumference (cm) 37.04 ± 3.27 38.30 ± 2.94 38.00 ± 3.42 40.28 ± 3.21 <.001

Waist circumference (cm) 84.91 ± 7.71 90.35 ± 8.98 90.41 ± 8.06 97.21 ± 9.98 <.001

Hip circumference (cm) 95.20 ± 6.26 99.39 ± 6.47 98.62 ± 6.81 102.98 ± 7.52 <.001

Waist-to-hip ratio 0.90 ± 0.07 0.91 ± 0.06 0.92 ± 0.05 0.94 ± 0.06 .001

Smoking, n (%) 35(41.18) 45(46.39) 39(46.43) 162(47.51) .74

Alcohol drinking, n (%) 31(36.47) 42(43.30) 35(41.67) 166(48.68) .17

Hypertension, n (%) 25(29.41) 26(26.80) 38(45.23) 229(67.16) <.001

Diabetes, n (%) 1(1.18) 4(4.12) 7(8.05) 25(7.33) .11

Polycythemia, n (%) 4(4.71) 3(3.09) 2(2.38) 27(7.92) .12

SBP, mm Hg 121.94 ± 12.24 122.22 ± 12.29 128.01 ± 13.74 130.64 ± 13.54 <.001

DBP, mm Hg 78.52 ± 8.60 78.16 ± 8.35 83.51 ± 9.42 86.41 ± 10.27 <.001

ESS 6.24 ± 5.64 7.37 ± 5.40 7.92 ± 5.66 10.05 ± 6.15 <.001

TST (min) 411.53 ± 85.86 443.74 ± 71.51 419.37 ± 74.72 445.33 ± 71.78 <.001

N1 (%) 22.94 ± 11.31 22.65 ± 11.05 29.70 ± 13.62 47.32 ± 19.81 <.001

N2 (%) 50.36 ± 12.41 52.68 ± 11.39 48.35 ± 11.63 34.65 ± 17.04 <.001

N3 (%) 8.18 ± 8.12 6.21 ± 5.91 5.01 ± 4.74 2.98 ± 4.73 <.001

R (%) 18.52 ± 6.08 18.45 ± 5.90 16.93 ± 6.02 15.05 ± 5.73 <.001

AHI (events/h) 2.12 ± 1.36 9.38 ± 2.98 21.65 ± 3.99 62.73 ± 19.33 <.001

ODI (events/h) 2.20 ± 2.32 8.60 ± 8.71 18.41 ± 7.42 60.81 ± 22.03 <.001

Mean SaO2 (%) 95.80 ± 1.20 95.49 ± 1.16 94.90 ± 1.29 90.93 ± 4.67 <.001

Nadir SaO2 (%) 86.77 ± 10.38 84.54 ± 7.65 80.73 ± 8.03 61.38 ± 17.98 <.001

Arousal index (events/h) 17.35 ± 10.12 19.60 ± 11.69 23.49 ± 12.20 41.61 ± 21.70 <.001

RBC (1012/L) 5.28 ± 0.20 5.19 ± 0.49 5.08 ± 0.49 5.27 ± 0.51 .01

Hb (g/L) 157.57 ± 12.15 155.99 ± 11.76 153.31 ± 14.77 157.99 ± 13.11 .02

Hct (L/L) 0.47 ± 0.03 0.47 ± 0.03 0.46 ± 0.04 0.47 ± 0.04 .007

Categorical variables are presented as number and percentages, and continuous variables are presented as mean ± SD. AHI = apnea-hypopnea index,
BMI = bodymass index, DBP =diastolic blood pressure, ESS=Epworth Sleepiness Scale, Hb =hemoglobin, Hct = hematocrit, N1–3 =non–rapid eyemovement
sleep 1–3, ODI = oxygen desaturation index, OSA = obstructive sleep apnea, R = rapid eye movement sleep, RBC = red blood cell, SaO2 = oxygen saturation,
SBP = systolic blood pressure, TST = total sleep time.
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not been systematically investigated in prior studies. Hoffstein
et al12 did not report sex differences when comparing eryth-
rocyte measures across different groups of OSA severity.
Another study found higher red blood cell count in women
with more severe OSA than in those with mild OSA but no
differences in men.14 However, this study did not control for
potential confounders. In our study, we observed that eryth-
rocyte measures increased with OSA severity (defined by AHI

andODI) in women, whereas no clear pattern was discernible in
men. When we further examined the association between OSA
severity and hematologic parameters categorized as tertiles,
the odds ratios (95% CI) for higher red blood cell count were
2.44 (1.23, 4.84) with AHI ≥ 30 events/h and 2.33 (1.17, 4.66)
with ODI ≥ 30 events/h compared with those with primary
snoring in women after adjusting for multiple covariates, but no
associationswas evident inmen. Unlikemost previous studies
that assessed predominantly male samples (with men com-
prising up to 92% of the study population),15 our study has

Figure 1—Scatter plots of apnea-hypopnea index vs red
blood cell, hemoglobin, and hematocrit.

Gray area indicates the associated 95% confidence interval.

Figure 2—Effects of sex and apnea-hypopnea index.

Interaction effect of sex and apnea-hypopnea index on red blood cell
(A), hemoglobin (B), and hematocrit (C) after adjustment for age, body
mass index, neck circumference, waist-to-hip ratio, smoking, alcohol
use, and hypertension.
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the important strength of including a substantial proportion of
female patients with OSA, thus providing us with sufficient
power to investigate sex effects that previously may have
evaded detection.

The mechanisms involved in the sex-specific relationship
betweenOSAand erythrocytemeasures are unclear. In linewith
the literature,27 womenwith more severe OSAwere more likely
to be older and to be postmenopause, and these factors could
reasonably be implicated in our findings. Consistent with sex
differences in the epidemiologic characteristics of OSA,28,29

our femalepatientswithOSAwere alsoonaverage older than their
male counterparts, and this age gap broadened with increasing
sleep disorder severity. Age is a well-recognized determinant of
erythropoiesis. In men, the mean levels of erythrocyte parame-
ters tend to drop after 40 years old, whereas the opposite occurs
inwomen.30 These age-related variations are presumably caused
by the decrease of androgen that stimulates erythropoiesis in
men, whereas postmenopausal status ceases menstrual blood
loss in women. Furthermore, menopause is linked to numerous
physiologic modifications in hormones, insulin sensitivity,
body fat distribution, and inflammation.31,32 Women experience
markedly increased insulin resistance during menopause, largely
because of the substantial metabolic consequences of hormonal
changes.33 Previous studies found that insulin resistance is
associated with erythropoiesis, as insulin and insulin growth

factors I and II have been showed to promote erythropoiesis in
both in vitro and in vivo studies.34,35 Notably, insulin resis-
tance is common in patients with OSA.36 Another potential
mechanism that may affect erythropoiesis is inflammation.37 In
healthy individuals, peripheral inflammation markers such as
C-reactive protein are higher in women compared with men.38

Moreover, both menopause and OSA are associated with
heightened inflammation.39,40 Thus, age and menopause may
conceivably contribute to these sex-specific associations be-
tween erythrocyte measures and OSA. However, it should be
noted that our results from regression models with multivari-
able adjustment and from a secondary comparison on a subset of
age-, BMI-, and AHI-matched female and male patients
strongly suggest an independent, sex-specific effect of OSA on
erythrocyte measures.

Although we showed significant increases in erythrocyte
measures in women, the average values remain within normal
ranges. Among all patients, only 42 (4.3%, including 36 men
and 6 women) met the diagnosis of polycythemia. Notwith-
standing this, even within the normal spectrum, elevated he-
matologic measures may exert detrimental effects on health.41

In our study, we observed significant associations between
erythrocyte measures and cardiometabolic risk markers, such
as BMI and blood pressure, in patients with OSA. In the gen-
eral population, elevated erythrocyte measures have been

Table 3—Relationship betweenAHI andODI and red blood cell count, hemoglobin, and hematocrit in female andmale participants.

Crude Model Model 1 Model 2

Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P

AHI

Red blood cell

Women 0.02 (0.01, 0.03) <.001 0.02 (0.01, 0.03) <.001 0.02 (0.01, 0.03) <.001

Men 0.01 (0.004, 0.02) .001 0.003 (−0.004, 0.01) .44 −0.001 (−0.009, 0.008) .89

Hemoglobin

Women 0.37 (0.13, 0.60) .003 0.25 (−0.03, 0.52) .07 0.23 (−0.04, 0.51) .10

Men 0.26 (0.08, 0.43) .004 0.08 (−0.11, 0.27) .43 0.06 (−0.15, 0.27) .55

Hematocrit

Women 0.001 (0.001, 0.002) <.001 0.001 (0.0002, 0.002) .02 0.001 (0.0001, 0.002) .03

Men 0.001 (0.0005, 0.001) <.001 0.0004 (−0.0002, 0.001) .19 0.0004 (−0.0002, 0.001) .21

ODI

Red blood cell

Women 0.02 (0.02, 0.03) <.001 0.02 (0.01, 0.03) <.001 0.02 (0.01, 0.03) <.001

Men 0.01 (0.006, 0.02) <.001 0.004 (−0.003, 0.01) .24 0.001 (−0.007, 0.009) .74

Hemoglobin

Women 0.42 (0.18, 0.66) .001 0.32 (0.04, 0.60) .03 0.31 (0.02, 0.59) .03

Men 0.26 (0.10, 0.43) .002 0.07 (−0.12, 0.26) .49 0.06 (−0.15, 0.26) .59

Hematocrit

Women 0.001 (0.001, 0.002) <.001 0.001 (0.0003, 0.002) .007 0.001 (0.0002, 0.002) .01

Men 0.001 (0.0005, 0.001) <.001 0.0003 (−0.0002, 0.001) .22 0.0004 (−0.0002, 0.001) .21

Model 1: adjusted for age and body mass index. Model 2: adjusted for variables included in model 1 and for neck circumference, waist-to-hip ratio, smoking,
alcohol use and hypertension (plus menopausal status in women). Estimates are calculated for every 5-unit increase in apnea-hypopnea index (AHI) and
oxygen desaturation index (ODI). CI = confidence interval.
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associated with prevalent and incident metabolic syndrome.4,5

In patients with OSA, significant relations between hematocrit
and BMI and BP have also been reported,13 consistent with our
results. However, it is noteworthy that when we examined
female and male patients with OSA separately, the correlation
coefficients between erythrocytemeasures and cardiometabolic
risk markers were overall higher in women with OSA than in
men with OSA. Notably, it has been reported that women but
not men with higher hematocrit were more likely to have fatal
coronary events than those with lower hematocrit.18 This
suggests that, although women overall have lower levels of
red blood cells, hemoglobin, and hematocrit than men, the
increase of erythrocyte measures is associated with greater
cardiometabolic risk in women.

There are several limitations to be taken into account when
interpreting our findings. First, unmeasured confounders and

selection bias could influence the association between OSA and
erythrocyte measures in this clinical sample. Second, because
of the cross-sectional study design, we cannot draw causal in-
ferences regarding the relationships among OSA, erythrocyte
measures, and cardiometabolic risk markers. Longitudinal
studies are needed to assess whether OSA predicts future ele-
vation in hematologic measures and whether such increments
mediate the onset of adverse events in a sex-dependent manner.
With regard to treatment, few studies (predominantly on male
participants) found significant decreased hematocrit levels
after short-term (1 night) or long-term (6 months) continuous
positive airway pressure therapy,42–44 possibly as a result of ame-
liorated hypoxia and inflammation and fluid redistribution.45

Further investigations are warranted to determine whether
OSA therapy can contribute to lower other erythrocyte
measures and whether the anticipated positive effects are

Table 4—Ordinal logistic regression analysis for the association between AHI levels and ODI levels and tertiles of red blood cell
count, hemoglobin, and hematocrit in female and male participants.

Predictors
Women Men

n Model 1 Model 2 n Model 1 Model 2

AHI

Red blood cell Primary snoring 168 Reference Reference 85 Reference Reference

15 > AHI ≥ 5 76 1.31 (0.78, 2.22) 1.25 (0.70, 2.23) 97 0.71 (0.40, 1.25) 0.66 (0.36, 1.22)

30 > AHI ≥ 15 54 1.72 (0.91, 3.22) 1.53 (0.78, 3.00) 84 0.57 (0.31, 1.04) 0.48 (0.26, 0.92)

AHI ≥ 30 71 2.54 (1.36, 4.74) 2.44 (1.23, 4.84) 341 0.95 (0.56, 1.60) 0.76 (0.44, 1.33)

Hemoglobin Primary snoring 168 Reference Reference 85 Reference Reference

15 > AHI ≥ 5 76 0.89 (0.53, 1.51) 0.83 (0.47, 1.47) 97 0.76 (0.43, 1.35) 0.63 (0.35, 1.16)

30 > AHI ≥ 15 54 1.20 (0.64, 2.25) 1.17 (0.60, 2.28) 84 0.88 (0.49, 1.60) 0.87 (0.46, 1.64)

AHI ≥ 30 71 1.32 (0.71, 2.45) 1.38 (0.70, 2.72) 341 0.95 (0.57, 1.60) 0.85 (0.49, 1.48)

Hematocrit Primary snoring 168 Reference Reference 85 Reference Reference

15 > AHI ≥ 5 76 1.22 (0.72, 2.06) 1.20 (0.67, 2.13) 97 0.71 (0.40, 1.24) 0.61 (0.34, 1.10)

30 > AHI ≥ 15 54 1.41 (0.74, 2.65) 1.31 (0.67, 2.58) 84 0.78 (0.43, 1.62) 0.74 (0.40, 1.39)

AHI ≥ 30 71 1.53 (0.82, 2.87) 1.51 (0.76, 3.00) 341 1.01 (0.61, 1.69) 0.90 (0.52, 1.56)

ODI

Red blood cell ODI < 5 177 Reference Reference 112 Reference Reference

15 > ODI ≥ 5 74 1.75 (0.99, 3.07) 1.52 (0.82, 2.79) 96 0.80 (0.47, 1.37) 0.67 (0.38, 1.17)

30 > ODI ≥ 15 48 2.03(1.05, 3.93) 2.03 (1.00, 4.13) 72 0.68 (0.37, 1.23) 0.56 (0.30, 1.05)

ODI ≥ 30 70 2.61(1.37, 4.97) 2.33 (1.17, 4.66) 327 1.22 (0.75, 1.97) 0.96 (0.58, 1.60)

Hemoglobin ODI < 5 177 Reference Reference 112 Reference Reference

15 > ODI ≥ 5 74 1.46 (0.84, 2.55) 1.31 (0.72, 2.39) 96 0.96 (0.57, 1.63) 0.90 (0.52, 1.58)

30 > ODI ≥ 15 48 1.34 (0.70, 2.58) 1.37 (0.68, 2.76) 72 1.05 (0.58, 1.89) 1.06 (0.57, 1.97)

ODI ≥ 30 70 1.58 (0.84, 2.98) 1.56 (0.79, 3.09) 327 1.21 (0.75, 1.95) 1.13 (0.68, 1.87)

Hematocrit ODI < 5 177 Reference Reference 112 Reference Reference

15 > ODI ≥ 5 74 1.58 (0.90, 2.77) 1.24 (0.68, 2.28) 96 0.78 (0.46, 1.31) 0.69 (0.40, 1.20)

30 > ODI ≥ 15 48 1.46 (0.75, 2.83) 1.45 (0.71, 2.97) 72 0.71 (0.40, 1.27) 0.67 (0.37, 1.24)

ODI ≥ 30 70 1.65 (0.87, 3.13) 1.39 (0.70, 2.79) 327 1.15 (0.72, 1.85) 1.04 (0.63, 1.71)

Values are odds ratio (95% confidence intervals). Red blood cell, hemoglobin, and hematocrit were categorized in tertiles in men (red blood cell: <5.02,
5.02–5.39, >5.39 × 1012/L; hemoglobin: <153, 153.00–162.54, >162.54 g/L; hematocrit: <0.46, 0.46–0.49, >0.49L/L) and in women (red blood cell: <4.32,
4.32–4.63, >4.63 × 1012/L; hemoglobin: <130, 130–138, >138 g/L; hematocrit: <0.40, 0.40–0.42, >0.42 L/L). Model 1: adjusted for age and body mass index.
Model 2: adjusted for variables included in model 1 and for neck circumference, waist-to-hip ratio, smoking, alcohol use, and hypertension (plus menopausal
status in women). AHI = apnea-hypopnea index (events/h), ODI = oxygen desaturation index (events/h).
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magnified in women. Third, the exclusion of patients with
severe diseases that may affect erythropoiesis, such as chronic
obstructive pulmonary disease, was solely based on patient-
reported medical history.

CONCLUSIONS

In conclusion, our study provides novel evidence of sex-
dependent associations between OSA severity and elevated
erythrocyte measures, showing that such relationships are
evident in women with OSA but not in men. Importantly,
erythrocyte measures are more closely related to cardiometabolic
risk markers in women than in men, suggesting that the impact
of OSA on erythropoiesis and cardiometabolic disease may be
potentiated in women.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
BP, blood pressure
CI, confidence interval
OSA, obstructive sleep apnea
PSG, polysomnography

REFERENCES

1. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased
prevalence of sleep-disordered breathing in adults. Am J Epidemiol.
2013;177(9):1006–1014.

2. Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep apnoea. Lancet.
2014;383(9918):736–747.

3. Jelkmann W. Regulation of erythropoietin production. J Physiol.
2011;589(6):1251–1258.

4. Kawamoto R, Tabara Y, Kohara K, et al. Hematological parameters are
associated with metabolic syndrome in Japanese community-dwelling persons.
Endocrine. 2013;43(2):334–341.

5. Hashimoto Y, TanakaM, Kimura T, et al. Hemoglobin concentration and incident
metabolic syndrome: a population-based large-scale cohort study. Endocrine.
2015;50(2):390–396.

6. Toss F, Nordstrom A, Nordstrom P. Association between hematocrit in late
adolescence and subsequent myocardial infarction in Swedish men. Int J Cardiol.
2013;168(4):3588–3593.

7. Kunnas T, Solakivi T, Huuskonen K, Kalela A, Renko J, Nikkari ST. Hematocrit
and the risk of coronary heart disease mortality in the TAMRISK study, a 28-year
follow-up. Prev Med. 2009;49(1):45–47.

8. Keohane C, McMullin MF, Harrison C. The diagnosis and management of
erythrocytosis. BMJ. 2013;347:f6667.

9. McMullin MF, Bareford D, Campbell P, et al. Guidelines for the diagnosis,
investigation and management of polycythaemia/erythrocytosis. Br J Haematol.
2005;130(2):174–195.

10. Winnicki M, Shamsuzzaman A, Lanfranchi P, et al. Erythropoietin and
obstructive sleep apnea. Am J Hypertens. 2004;17(9):783–786.

11. Nistico A, Iliescu EA, Fitzpatrick M, White CA. Polycythemia due to obstructive
sleep apnea in a patient on hemodialysis. Hemodial Int. 2010;14(3):333–336.

12. Hoffstein V, Herridge M, Mateika S, Redline S, Strohl KP. Hematocrit levels in
sleep apnea. Chest. 1994;106(3):787–791.

13. Choi JB, Loredo JS, Norman D, et al. Does obstructive sleep apnea increase
hematocrit? Sleep Breath. 2006;10(3):155–160.

14. Solmaz S, Duksal F, Ganidagli S. Is obstructive sleep apnoea syndrome really
one of the causes of secondary polycythaemia? Hematology.
2015;20(2):108–111.

15. Nguyen CD, Holty JC. Does untreated obstructive sleep apnea cause
secondary erythrocytosis? Respir Med. 2017;130:27–34.

16. Wu M, Zhou L, Zhu D, Lai T, Chen Z, Shen H. Hematological indices as
simple, inexpensive and practical severity markers of obstructive sleep apnea
syndrome: a meta-analysis. J Thorac Dis. 2018;10(12):6509–6521.

17. MurphyWG. The sex difference in haemoglobin levels in adults—mechanisms,
causes, and consequences. Blood Rev. 2014;28(2):41–47.

18. Brown DW, Giles WH, Croft JB. Hematocrit and the risk of coronary heart
disease mortality. Am Heart J. 2001;142(4):657–663.

19. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of
sleep-disordered breathing among middle-aged adults. N Engl J Med.
1993;328(17):1230–1235.

20. SenaratnaCV, Perret JL, LodgeCJ, et al. Prevalence of obstructive sleep apnea
in the general population: a systematic review. Sleep Med Rev. 2017;34:70–81.

21. Bixler EO, Vgontzas AN, Lin HM, et al. Prevalence of sleep-disordered
breathing in women: effects of gender. Am J Respir Crit Care Med.
2001;163(3):608–613.

22. Gottlieb DJ, Yenokyan G, Newman AB, et al. Prospective study of obstructive
sleep apnea and incident coronary heart disease and heart failure: the sleep heart
health study. Circulation. 2010;122(4):352–360.

23. Cano-Pumarega I, Barbe F, Esteban A, et al. Sleep apnea and hypertension:
are there sex differences? The Vitoria sleep cohort. Chest.
2017;152(4):742–750.

Table 5—Correlation coefficients between red blood cell count, hemoglobin, hematocrit, and cardiometabolic markers in all
participants and separately by sex.

Red blood cell count Hemoglobin Hematocrit

Total Women Men Total Women Men Total Women Men

BMI 0.323b 0.234a 0.221b 0.314b 0.200b 0.204b 0.329b 0.202a 0.242b

Waist circumference 0.357b 0.237b 0.177b 0.356b 0.215b 0.148b 0.374b 0.223b 0.193b

Hip circumference 0.307b 0.237b 0.184b 0.297b 0.257b 0.132b 0.321b 0.269b 0.183b

Waist-to-hip ratio 0.260b 0.139b 0.051 0.280b 0.122b 0.06 0.287b 0.122a 0.083

Hypertension 0.153b 0.154b 0.058 0.105b 0.075 −0.012 0.113b 0.099 −0.044

SBP 0.154b 0.188b 0.044 0.113b 0.144b −0.036 0.123b 0.163b −0.019

DBP 0.340b 0.260b 0.183b 0.327b 0.168b 0.181b 0.327b 0.171b 0.174b

aP < .05; bP < .01. BMI = body mass index, DBP = diastolic blood pressure, SBP = systolic blood pressure.

Journal of Clinical Sleep Medicine, Vol. 16, No. 7 July 15, 20201071

T Li, N Covassin, L Tan, et al. Erythrocyte measures and OSA
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 1
6,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



24. RocaGQ,Redline S, Claggett B, et al. Sex-specific association of sleep apnea
severity with subclinical myocardial injury, ventricular hypertrophy, and heart
failure risk in a community-dwelling cohort: the Atherosclerosis Risk in
Communities-Sleep Heart Health Study. Circulation.
2015;132(14):1329–1337.

25. Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring respiratory events
in sleep: update of the 2007 AASM Manual for the Scoring of Sleep and
Associated Events. Deliberations of the Sleep Apnea Definitions Task Force of
the American Academy of Sleep Medicine. J Clin Sleep Med.
2012;8(5):597–619.

26. Harlow SD, Gass M, Hall JE, et al. Executive summary of the Stages of
Reproductive Aging Workshop + 10: addressing the unfinished agenda of
staging reproductive aging. Menopause. 2012;19(4):387–395.

27. DanceyDR, Hanly PJ, SoongC, LeeB, Hoffstein V. Impact of menopause on the
prevalence and severity of sleep apnea. Chest. 2001;120(1):151–155.

28. Ip MS, Lam B, Tang LC, Lauder IJ, Ip TY, Lam WK. A community study of
sleep-disordered breathing in middle-aged Chinese women in Hong Kong:
prevalence and gender differences. Chest. 2004;125(1):127–134.

29. Vagiakis E, Kapsimalis F, Lagogianni I, et al. Gender differences on
polysomnographic findings in Greek subjects with obstructive sleep apnea
syndrome. Sleep Med. 2006;7(5):424–430.

30. Qiao R, Yang S, Yao B, Wang H, Zhang J, Shang H. Complete blood count
reference intervals and age- and sex-related trends of North China Han population.
Clin Chem Lab Med. 2014;52(7):1025–1032.

31. Wang Q, Ferreira DLS, Nelson SM, Sattar N, Ala-Korpela M, Lawlor DA.
Metabolic characterization of menopause: cross-sectional and longitudinal
evidence. BMC Med. 2018;16(1):17.

32. Sites CK, Toth MJ, Cushman M, et al. Menopause-related differences in
inflammation markers and their relationship to body fat distribution and
insulin-stimulated glucose disposal. Fertil Steril. 2002;77(1):128–135.

33. Geer EB, Shen W. Gender differences in insulin resistance, body composition,
and energy balance. Gend Med. 2009;6(suppl 1):60–75.

34. Miyagawa S, Kobayashi M, Konishi N, Sato T, Ueda K. Insulin and insulin-like
growth factor I support the proliferation of erythroid progenitor cells in bone
marrow through the sharing of receptors. Br J Haematol. 2000;
109(3):555–562.

35. Barbieri M, Ragno E, Benvenuti E, et al. New aspects of the insulin resistance
syndrome: impact on haematological parameters. Diabetologia.
2001;44(10):1232–1237.

36. Murphy AM, Thomas A, Crinion SJ, et al. Intermittent hypoxia in obstructive
sleep apnoea mediates insulin resistance through adipose tissue inflammation.
Eur Respir J. 2017;49(4):1601731.

37. Faquin WC, Schneider TJ, Goldberg MA. Effect of inflammatory cytokines
on hypoxia-induced erythropoietin production. Blood. 1992;
79(8):1987–1994.

38. Cartier A, Cote M, Lemieux I, et al. Sex differences in inflammatory markers:
what is the contribution of visceral adiposity? Am J Clin Nutr.
2009;89(5):1307–1314.

39. Pfeilschifter J, Koditz R, Pfohl M, Schatz H. Changes in proinflammatory
cytokine activity after menopause. Endocr Rev. 2002;23(1):90–119.

40. Gaines J, Vgontzas AN, Fernandez-Mendoza J, Kritikou I, Basta M, Bixler EO.
Gender differences in the association of sleep apnea and inflammation. Brain
Behav Immun. 2015;47:211–217.

41. Eisensehr I, Noachtar S. Haematological aspects of obstructive sleep apnoea.
Sleep Med Rev. 2001;5(3):207–221.

42. Krieger J, Sforza E, Delanoe C, Petiau C. Decrease in haematocrit with
continuous positive airway pressure treatment in obstructive sleep apnoea
patients. Eur Respir J. 1992;5:228–233.

43. Krieger J, Sforza E, Barthelmebs M, Imbs JL, Kurtz D. Overnight decrease in
hematocrit after nasal CPAP treatment in patients with OSA. Chest.
1990;97(3):729–730.

44. Feliciano A, Linhas R, Marcoa R, et al. Hematological evaluation in males with
obstructive sleep apnea before and after positive airway pressure. Rev Port
Pneumol. 2017;23:71–78.

45. Krieger J. Regulation of plasma volume during obstructive sleep apnoea.
J Sleep Res. 1995;4:107–111.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication October 3, 2019
Submitted in final revised form February 18, 2020
Accepted for publication February 18, 2020
Address correspondence to: XiangdongTang,MD,PhD, SleepMedicineCenter,West
China Hospital, Sichuan University, 28 Dian Xin Nan Jie, Chengdu, Sichuan 610041,
China; Tel: 86 28 85422733; Fax: 86 28 85422632; Email: 2372564613@qq.com; and
Naima Covassin, PhD, Department of Cardiovascular Medicine, Mayo Clinic College
of Medicine, 200 First Street SW, Rochester, MN 55905; Tel: (507) 255-8897;
Fax: (507) 255-7070; Email: Covassin.naima@mayo.edu

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. Work for this study was performed
at the Sleep Medicine Center, West China Hospital, Sichuan University, China. This
study was supported by National Natural Science Foundation of China Grants 81530002,
81770087, and 81800093. Dr Covassin is supported by a research grant from the
American Heart Association (16SDG27250156) and the Mayo Clinic Marie Ingalls
Research Career Development Fund. Dr. Somers is a consultant for Baker Tilly,
Respicardia, SleepNumber, and Jazz Pharmaceuticals. Other authors report no conflicts
of interest.

Journal of Clinical Sleep Medicine, Vol. 16, No. 7 July 15, 20201072

T Li, N Covassin, L Tan, et al. Erythrocyte measures and OSA
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 1
6,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

mailto:2372564613@qq.com
mailto:Covassin.naima@mayo.edu

	Sex-specific associations between erythrocyte measures and obstructive sleep apnea
	Outline placeholder
	Study design and setting
	Participants
	Overnight PSG
	Clinical and blood measurements
	Statistical analysis



