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Abstract

Objective: The aim of this systematic review and meta-analysis was to investigate
the association between obstructive sleep apnea (OSA) and erythrocytosis.

Methods: The PubMed, Web of Science, and Cochrane Library databases were
searched for articles examining hematocrit values in patients with OSA and control
individuals published till September 1, 2021. The pooled standardized mean differ-
ence (SMD) with 95% confidence interval (Cl) was calculated, and subgroup analyses
were performed.

Results: Eleven eligible studies with a total of 4608 patients with OSA were included
in this meta-analysis. Pooled outcomes revealed that hematocrit values were signifi-
cantly higher in patients with OSA than in controls (SMD, 0.19; 95% ClI, 0.08-0.29;
p < .01). When studies were stratified by disease severity, the significant differences
in hematocrit values between patients and controls were only observed in the severe
OSA group (SMD, 0.34; 95% Cl, 0.08-0.59; p < .01), but not in the mild and moder-
ate OSA groups. In subgroup analyses according to sex and publication year, signifi-
cant differences in hematocrit values between patients and controls remained stable
in studies with only female patients (SMD, 0.25; 95% Cl, 0.12-0.38; p < .01) and in
studies published after 2012 (SMD, 0.17; 95% Cl, 0.06-0.28, p < .01).

Conclusion: Our meta-analysis revealed that the hematocrit value was significantly
increased in patients with OSA, particularly in severe patients, compared with that in
controls. However, the elevation was modest, and the hematocrit value is expected
to be within the normal range in patients with OSA. These data suggest that OSA
leads to slight increases in hematocrit but does not cause clinically significant

erythrocytosis.
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1 | INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by repetitive upper
airway collapse during sleep, causing intermittent hypoxia.* The prev-
alence of OSA in the general population is reported to be 3%-9%,2
and OSA is a serious health problem associated with various types of
morbidities and mortalities, such as cardiovascular and cerebrovascu-
lar diseases.1®~¢ Intermittent hypoxia during OSA is largely responsi-
ble for oxidative stress, which in turn promotes sympathetic
activation and inflammation,*”~? leading to endothelial dysfunction,
hypertension, and atherosclerosis.'®'! However, the exact hemato-
logical consequences of OSA and the underlying pathophysiological
mechanisms are not fully understood.

Erythrocytosis is characterized by an increase in red cell mass and
is classified as primary if there is a defect in the erythroid compart-
ment of the bone marrow or secondary when it occurs due to other
erythropoiesis-stimulating factors.'?'® Absolute erythrocytosis is
defined as a red cell mass > 125% of that predicted according to sex
and body mass.'? Generally, erythrocytosis is suspected when the
hematocrit is > 0.52 in men or > 0.48 in women.%* Chronic hypox-
emia caused by a variety of conditions, including cyanotic heart dis-
ease, chronic lung disease, and smoking, is a well-described etiology
for secondary erythrocytosis.*>** Hypoxemia is a potent stimulus for
the release of erythropoietin (EPO), resulting in increased red blood
cell production in the bone marrow.*®

In the work-up for the diagnosis of secondary erythrocytosis, pre-
vious guidelines recommend an evaluation for OSA.121 However,
the association between OSA and clinically significant erythrocytosis
has not been fully established. Although several studies have investi-
gated the relationship between OSA and secondary erythrocytosis,
the results are inconsistent and controversial. Some studies found a
significantly increased hematocrit value in patients with OSA com-

16-21 \whereas others did not.?%23

pared to that in the control group,
This discrepancy may be due to several factors, such as the statistical
power of the study and differences in the composition of the study
populations. In the present study, we aimed to investigate whether
patients with OSA are associated with clinically significant
erythrocytosis. Therefore, we conducted a systematic review and
meta-analysis to examine the difference in hematocrit values between

patients with OSA and individuals without OSA.

2 | MATERIALS AND METHODS

21 | Search strategy

This study was reported following guidelines of the preferred
reporting items for systematic reviews and meta-analyses guide-
lines.2* A systematic search for studies published up to September
1, 2021 was conducted in the PubMed, Web of science, and
Cochrane library databases using the following MeSH terms and key-
words: “sleep apnea syndromes”[MeSH], “obstructive sleep apnea”,

“obstructive sleep apnoea”, “sleep apnea”, ‘“sleep apnoea”,

“erythrocytosis”, “hematocrit”, “polycythemia”, and “polycythaemia.”
The full search strategy is presented in Table S1.

2.2 | Eligibility criteria, study selection, and quality
assessment

The population, intervention, comparator, outcome, and study design
(PICOS) approaches were utilized to define study eligibility. (1) P: adult
patients with OSA (determined by sleep study); (2) I: assessment of
hematocrit; (3) C: control individuals without OSA; (4) O: the hemato-
crit value; and (5) S: randomized controlled trials or observational
studies including cross-sectional studies, cohort studies, case-control
studies, or case series. In addition, articles were eligible if they were
written in English and full-text publications.

Abstracts of retrieved studies were screened independently by two
investigators to examine the relevance of the studies. If relevant, two
authors independently reviewed the full articles. The references of the
retrieved articles were searched to identify additional studies. Any dis-
agreement between the reviewers was resolved by a third investigator.

The quality of each study was assessed using the modified
Newcastle-Ottawa scale (NOS),2> with a maximum of seven points for
observational studies based on the following components: patient
selection, comparability, and outcome. Two researchers indepen-
dently evaluated the quality of each study. Disagreements between
the researchers were resolved through consensus. Studies with five or

more stars were considered high-quality studies.

2.3 | Data extraction

The following information was extracted from the included studies:
authors, publication year, study design, geographic location of studies,
number of study subjects, age, sex composition of the cohort, mean
body mass index (BMI), OSA severity, and hematocrit value. OSA
severity was determined by the apnea hypopnea index (AHI) or respi-
ratory disturbance index (RDI): mild [5 < AHI (RDI) < 15], moderate
[15 < AHI (RDI) < 30], and severe [30 < AHI (RDI)].

24 | Statistical analysis

A meta-analysis of the included studies was performed using R 4.1.1
version statistical software (R Foundation for Statistical Computing,
Vienna, Austria. https://www.R-project.org/). The difference in hemat-
ocrit values between patients with OSA and controls was assessed
using the standardized mean difference (SMD). For interpreting the
effect size calculated by SMD, we used the benchmark values
suggested by Cohen (0.2, small effect; 0.5, medium effect; 0.8, large
effect).2% Significance was set at p < .05. Heterogeneity between the
included studies was calculated using the I? test: > > 50% indicated sig-
nificant heterogeneity across studies.?” In these cases, a random-

effects model was used to generate pooled outcomes. In contrast,
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studies that did not present a significant value of heterogeneity
(I < 50) were analyzed using the fixed-effects model. Subgroup analy-
sis was performed to evaluate the impact of disease severity, sex, and
publication year of the studies on the outcomes. In addition, we con-
ducted a meta-regression analysis to identify possible sources of het-
erogeneity. Funnel plots and Egger's test were used to detect
publication bias.?® Sensitivity analyses were performed to estimate the

influence of each study on the overall results.2’

3 | RESULTS

3.1 | Literature search and study characteristics

The database search retrieved a total of 459 articles, of which 88 arti-

cles were excluded due to duplication. After title and abstract

screening, we excluded 320 articles and assessed the full texts of
51 articles. In addition, two articles from the reference lists of

16-23,30-32 with a

retrieved articles were assessed. Finally, 11 articles
total of 4608 patients with OSA and 1484 individuals without OSA
were included in the meta-analysis. A flowchart of the study selection
process is shown in Figure 1.

The publication year of the included studies ranged from 1994
to 2021. All included studies were hospital-based cross-sectional

17,18,21,22,31,32 one,“’ and tWO19,20

studies. Among the 11 studies, six,
studies divided patients with OSA into subgroups according to dis-
ease severity, sex, and both severity and sex, respectively. The char-
acteristics of the included studies and patient data from the included
studies are presented in Tables 1 and 2, respectively. Table 3 pre-
sents the quality assessment of the included studies. The NOS
scores of all the included studies were 6, indicating that all studies

were high-quality.

Articles identified through database search (n=459):

PubMed (n=238)
Web of Science (n=197)
Cochrane library (n=24)

A\ 4

88 articles were excluded due to duplicate

\4

320 articles were excluded, due to:
* Not relevant (n=266)

Articles screening (n=371)

« Written in foreign language (n=2)
« Abstracts, case reports, review, and
v book (n=31)

\4

Full-text articles assessed for eligibility Trials or protocals (n=21)

(n=51)

42 articles were excluded, due to:
« Not relevant or no detailed data (n=25)
o| * Abstracts, case reports, review, and

2 articles were included from reference list

book (n=12)
« Written in foreign language (n=4)
« Children (n=1)

FIGURE 1
and selection

Flow chart of study search

TABLE 1 Summary of included studies

Study Year Country Study design

Hoffstein et al. 1994  Canada Cross-sectional
Choi et al. 2006  USA Cross-sectional
Dikmenoglu et al. 2006  Turkey Cross-sectional
Sinnapah et al. 2015  France Cross-sectional
Nguyen et al. 2017 USA Cross-sectional
Fan et al. 2018  China Cross-sectional
Lietal. (1) 2019 China Cross-sectional
Xie et al. 2020 China Cross-sectional
Li et al. (2) 2020 China Cross-sectional
Waltz et al. 2021  Canada Cross-sectional
Cummins et al. 2021 Canada & Malaysia Cross-sectional

\4

Articles included in meta-analysis (n=11)

OSA assessment Inclusion criteria
PSG 10 < AHI

PSG 5 < RDI

PSG 30 < AHI

PSG and type 3 sleep study 5 < AHI

PSG or type 3 sleep study 5 < AHI

PSG 5 < AHI

PSG 5 < AHI

PSG 5 < AHI

PSG 5 < AHI

Type 3 sleep study 15 < ODI & Sa02 < 90% (212% of total time)
PSG or type 3 sleep study 5 < AHI

Abbreviations: AHI, apnea-hypopnea index; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; PSG, polypsomnography; RDI, respiratory

disturbance index.
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3.2 | Association between OSA and elevation of
hematocrit

We examined whether patients with OSA had higher hematocrit
values than control individuals. Because there was significant hetero-
geneity across the included studies (> = 78%), the random-effects
model was used. We found a significant difference in the hematocrit
value between patients with OSA and controls (SMD, 0.19; 95% Cl,
0.08-0.29; p < .01; Figure 2).

3.3 | Publication bias
Visual inspection of the funnel plots suggested the existence of asymme-
try (Figure S1). However, Egger's regression test did not show evidence

of publication bias in the analysis of hematocrit values (t = 0.92, p = .36).

3.4 | Sensitivity analysis

The stability of the results of the hematocrit value was evaluated
through a sensitivity analysis. The corresponding pooled SMD (range,
0.153-0.202) was not substantially altered when single studies were
sequentially removed, suggesting that the results of the meta-analysis
were stable (Figure S2).

3.5 | Subgroup analysis

Subgroup analysis was performed according to disease severity, sex,
and publication year. Only studies for which detailed information on
each parameter was available were included in the subgroup analyses.
When studies were stratified according to disease severity (“mild”,

“moderate”, and “severe”), the hematocrit value of patients with “mild”

TABLE 3 Quality assessment of included studies

and “moderate” OSA did not significantly differ from that of controls
(p = .06 and p = .19, respectively; Figure 3A,B). In contrast, a significant
difference in hematocrit values was found between patients with
“severe” OSA and controls (SMD, 0.34; 95% Cl, 0.08-0.59; p < .01;
Figure 3C). In the subgroup analysis according to sex, the difference in
hematocrit values between patients and control individuals was not sig-
nificant in studies including only men (p = .12; Figure 4A), whereas it
was significant in studies including only women (SMD, 0.25; 95% ClI,
0.12-0.38; p < .01; Figure 4B). As the American Academy of Sleep
Medicine (AASM) criteria for scoring hypopnea was substantially
revised in 2012,%% we divided the studies into two subgroups based on
publication year: “pre-2012” and “post-2012.” A significant difference
in the hematocrit value between patients and controls was observed in
the post-2012 group (SMD, 0.17; 95% Cl, 0.06-0.28, p < .01), but not
in the pre-2012 group (p = .28) (Figure S3A,B).

3.6 | Meta-regression analysis

We conducted a meta-regression analysis to assess the effects of
confounding factors on differences in hematocrit values between
patients with OSA and controls. The outcome variable was the
SMD, and the covariates included differences in the mean values of
age (years), BMI, and the proportion of male patients (%) between
patients with OSA and controls. We found that differences in mean
age (p = .77), mean BMI (p = .09), and the proportion of male
patients (%) (p = .10) showed no significant effect (Figure S4).

4 | DISCUSSION

OSA is traditionally considered to be one of the causes of secondary
erythrocytosis. However, evidence showing an association between

OSA and secondary erythrocytosis is largely anecdotal. In addition,

Selection Comparability Outcome

Selection of the Comparability of cohorts Adequacy

nonexposed Ascertainment on the basis of the design Assessment of Total
Study Representativeness  cohort of exposure or analysis (maximum % %) of outcome follow-up score
Hoffstein et al. * * * * * * 6
Choi et al. * * * * * * 6
Dikmenoglu * * * * * * 6

etal

Sinnapah et al. * * * * * * 6
Nguyen et al. * * * * * * 6
Fanetal. * * * * * * 6
Lietal (1) * * * * * * 6
Xie et al. * * * * * * 6
Lietal. (2) * * * * * * 6
Waltz et al. * * * * * * 6
Cummins et al. * * * * * * 6
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OSA Control ) FIGURE 2 Comparison of hematocrit
Study Total Mean SD Total Mean SD SMD 95%-Cl  Weight . .
values between patients with OSA and
Hoffstein et al. (male) 113 440 50 118 440 50 —r 0.00[-0.26;0.26]  3.8% .
Hoffstein et al. (female) 43 400 30 46 400 3.0 — 0.00[-0.42;0.42]  2.8% controls. Forest plots comparing
Choi et al. (mild-moderate) 91 412 40 61 398 40 0.35[0.02;0.67] 3.3% hematocrit values between patients with
Choi et al. (severe) 111 435 36 61 398 40 — = 098[065,1.31] 3.3%
Dikmenoglu et al. 11 406 4.0 11 421 3.0 -0.41[-1.25;0.44]  1.2% OSA and controls. Results are expressed
Sinnapah et al. (mild) 25 413 45 50 414 46 — -0.02[-0.50;0.46] 2.4% . o .
Sinnapah et al. (moderate) 11 413 41 50 414 46 —j‘t— 0.02[-0.67:0.63]  1.7% as the SMD with 95% CI. The calculation
Sinnapah et al. (severe) 11 436 4.1 50 414 46 0.48[-0.18; 1.14] 1.7% H -
Nguyen et al. (mild) 467 427 42 364 427 39 " 0.00[-0.14;0.14]  4.5% is based on a random-effects model. Cl,
Nguyen et al. (moderate) 355 428 4.0 364 427 39 = 0.03[-0.12;0.17]  4.4% confidence interval; OSA, obstructive
Nguyen et al. (severe) 418 422 45 364 427 39 = 0.12[-0.26;0.02] 4.5% . .
Fan et al. (mild) 185 439 31 135 429 32 . 032[0.09;0.54] 4.0% sleep apnea; SMD, standardized mean
Fan et al. (moderate) 171 439 29 135 429 32 = 0.33[0.10;0.56]  4.0% difference
Fan et al. (severe) 596 457 33 135 429 32 & 085[0.66;1.04] 42%
Lietal. (1) (male, mild-moderate) 110 438 27 53 437 31 —— 0.04[-0.29;0.36]  3.3%
Li etal. (1) (male, severe) 220 449 33 53 437 3.1 = 0.37[0.07;0.67] 3.5%
Lietal. (1) (female, mild-moderate) 88 39.4 27 102 391 26 —— 0.11[-0.17;0.40]  3.6%
Li etal. (1) (female, severe) 32 400 43 102 391 26 0.29[-0.11;0.69]  2.9%
Xie et al. (mild-moderate) 48 420 50 34 430 50 -0.20[-0.64;,0.24] 2.6%
Xie et al. (severe) 59 450 40 34 430 50 045[0.02;0.88] 2.7%
Li et al. (2) (male, mild) 97 470 30 85 47.0 30 — 0.00[-0.29;0.29]  3.5%
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Li et al. (2) (female, mild) 76 410 30 168 400 30 - 0.33[0.06;0.60] 3.7%
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Li etal. (2) (female, severe) 71 410 30 168 400 3.0 “m 0.33[0.05;0.61]  3.6%
Waltz et al. 23 480 33 13 469 35 0.32[-0.37;1.00]  1.6%
Cummins et al. (mild) 204 397 50 244 396 5.0 = 0.02[-0.15;0.19]  4.3%
Cummins et al. (moderate) 223 405 50 244 396 5.0 e 0.18[0.00;0.36]  4.2%
Cummins et al. (severe) 180 407 50 244 396 50 N 0.22[0.03;041] 4.2%
Random-effects model 4608 3826 > 0.19[ 0.08; 0.29] 100.0%
Heterogeneity: I =78%, t =0.0595, p <0.01
4 05 0 05 1
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OSA Control
Study Total Mean SD Total Mean SD SMD 95%-Cl  Weight
Sinnapahetal. (mild) 25 41.3 4.5 50 414 46 —————t——— -002[-050;046] 32%
Nguyenetal. (mild) 467 42.7 4.2 364 427 3.9 —= 0.00[-0.14;0.14] 38.7%
Fan et al. (mild) 185 439 31 135 429 32 T 0.32[0.09;0.54] 14.6%
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Fixed-effects model 1144 1046 —— <‘>‘ ——0.08[0.00; 0.17] 100.0%
Heterogeneity: I” = 49%, v = 0.0124, p=0.08
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(B) Moderate
OSA Control
Study Total Mean SD Total Mean SD SMD 95%-ClI  Weight
Sinnapah et al. (moderate) 11 41.3 4.1 50 414 46 — -0.02[-0.67;0.63] 5.5%
Nguyen etal. (moderate) 355 428 40 364 427 39 — 0.03[-0.12;0.17] 23.8%
Fan et al. (moderate) 171 439 29 135 429 32 i 033[0.10;0.56] 19.1%
Lietal. (2) (male, moderate) 84 46.0 4.0 85 47.0 3.0 e -0.28 [-0.58;0.02] 15.1%
Li et al. (2) (female, moderate) 54 41.0 3.0 168 40.0 3.0 ——=%——— 033[0.02,064 14.8%
Cumminsetal. (moderate) 223 40.5 50 244 396 5.0 0.18 [0.00;0.36] 21.7%
Random-effectg model ) 898 1046 - 0.11[-0.06; 0.28] 100.0%
Heterogeneity: I° = 64%, 1" = 0.0262, p = 0.02 T T !
-06-04-02 0 020406 FIGURE 3  Subgroup analysis of
(C) Severe hema.tocrlt values based qn dlsease. .
osA Control .severlty of OSA. The studles' were d.|V|ded
Study Total Mean SD Total Mean SD SMD 95%-Cl  Weight into three subgroups according to disease
Choi et al. (severe) 111 435 36 61 39.8 4.0 —+—0.98[0.65 1.31]  9.5% severity: (A) mild (5 < AHI < 15),
Dikmenoglu et al. 11 406 4.0 1 421 3.0 -0.41[-1.25;0.44]  5.0% (B) moderate (15 < AHI < 30), and
Sinnapah et al. (severe) 11 436 4.1 50 414 46 0.48[-0.18;1.14] 6.4%
Nguyen etal. (severe) 418 422 45 364 427 3.9 — -0.12[0.26;0.02] 10.9% (C) severe (30 = AHI). Forest plots
Fan et al. (severe) 596 457 3.3 135 429 32 —— 0.85[0.66;1.04] 10.6% ] .
Lietal. (1) (male, severe) 220 44.9 3.3 53 437 31 B 037[0.07:067] 9.7% comparing hematocrit values between
Lietal. (1) (female, severe) 32 40.0 4.3 102 39.1 26 - 0.29[-0.11;0.69]  8.8% patients with OSA and controls. The
Xie et al. (severe) 59 450 4.0 34 430 50 —=——  045[0.02;0.88] 8.5% o
Lietal (2) (male, severe) 341 47.0 4.0 85 47.0 3.0 u 0.00 [-0.24:0.24] 10.2% results are expressed as SMD and 95%
Lietal. (2) (female, severe) 71 41.0 3.0 168 400 3.0 —_ 0.33[0.05,061] 9.9% ; .
Cumminsetal. (severe) 180 40.7 5.0 244 396 5.0 = 0.22[0.03;041] 10.6% Cl. A.Hl,apn’ea hypopnea index; CI"
confidence interval; OSA, obstructive
Random-effectsZmodeI '?’050 1307 - 0.34[0.08; 0.59] 100.0% I - SMD. standardized
Heterogeneity: I° = 89%, v’ = 0.1494 , p < 0.01 sleep apnea; » Standardized mean

difference
whether erythrocyte values are elevated in patients with OSA is con- hematocrit values were significantly higher in patients with OSA than
troversial. In the present study, we comprehensively analyzed the in controls. Although we found significant increases in hematocrit, the

results of 11 studies through a meta-analysis and found that value in patients with OSA was estimated to remain within the normal
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FIGURE 4 Subgroup analysis of the (A) Male

. : OSA Control
hematocrit value according to Study Total Mean SD Total Mean SD SMD 95%Cl  Weight
participants' sex. The studies were divided )
. . Hoffstein et al. (male) 440 50 118 440 50 — 0.00 [-0.26;0.26] 11.2%
into two SUbgrOUpS accordlng to the sex Fan et al. (mild) 0.32[0.09;0.54] 11.6%

Fan et al. (moderate)
Fan et al. (severe)
Li et al. (1) (male, mild-moderate)
Lietal. (1) (male, severe)
Li et al. (2) (male, mild)
) (
)(

of participants: (A) male and (B) female.
Forest plots comparing hematocrit values
between patients with OSA and controls.
The results are expressed as SMD and
95% ClI. Cl, confidence interval; OSA,
obstructive sleep apnea; SMD,
standardized mean difference

Li et al. (2) (male, moderate)

Li et al. (2) (male, severe)

Random-effects model

(B) Female

Study

Hoffstein et al. (female)

Li et al. (1) (female, mild-moderate)

Lietal. (1)
Lietal. (2)
Lietal. (2)
Lietal. (2)

(

(female, severe)
(female, mild)
(female, moderate)
(female, severe)

Fixed-effects model

Heterogeneity: rF= 0%, ‘= 0,p=0.66

range. These results suggest that OSA may lead to minor increases in
hematocrit, but rarely causes clinically significant erythrocytosis.
Mechanisms underlying the elevation of hematocrit in patients
with OSA may involve increased erythropoiesis driven by intermittent
hypoxia. It has been shown that exposure to hypoxia stabilizes
hypoxia-inducible factors, resulting in gene transcription and produc-
tion of EPO, a glycoprotein that stimulates red blood cell produc-
tion.2>3* This hypothesis is supported by a recent study showing that
intermittent hypoxia can upregulate serum EPO values in healthy indi-
viduals.®® Similarly, a meta-analysis of nine studies showed that EPO
values in patients with sleep apnea were significantly higher than
those in the control group.2® Another possible mechanism explaining
the elevation of erythrocyte measures in patients with OSA is a reduc-
tion in plasma volume resulting from fluid shift from the intravascular

d.37

to the extravascular be This fluid shift may be caused by increased

atrial natriuretic peptide release, which is reduced after treatment
with continuous positive airway pressure 3%

In the subgroup analysis according to disease severity, we found
that compared with controls, a significant difference in hematocrit
value was observed only in patients with severe OSA, but not in
patients with mild or moderate OSA. Although the SMD between
severe patients and controls was 0.34, which would be considered a
small effect size,2® these findings indicate that the elevation of eryth-
rocyte measures is more exaggerated in patients with severe disease.
As the severity of OSA is determined by the frequency of apnea/
hypopnea, more frequent hypoxia in patients with severe OSA
induces significant EPO production, which subsequently stimulates
erythropoiesis. Indeed, a previous study reported that 8-cycle inter-
mittent hypoxia, but not 5-cycle intermittent hypoxia, increased
serum EPO levels in healthy individuals, suggesting that a sufficient
frequency of intermittent hypoxia is needed to induce
erythropoiesis.®®

An increase in hematocrit is associated with cardiovascular mor-

tality and morbidity.*® A previous study reported significant

Heterogeneity: I = 87%, © = 0.1156, p < 0.01 f f f '

Total Mean SD Total Mean SD
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438 27 53 437 3.1 —a 0.04 [-0.29;0.36] 10.4%

439 341 135 429 3.2 ‘——‘—

449 33 53 437 341 ‘ — 0.37 [0.07;0.67] 10.7%
47.0 3.0 85 470 3.0 —i— 0.00[-0.29;0.29] 10.8%
46.0 4.0 85 470 3.0 *‘——f -0.28 [-0.58;0.02] 10.7%
47.0 40 85 470 3.0 — 0.00[-0.24;0.24] 11.4%

884 J,<>

0.19[-0.05; 0.43] 100.0%

OSA Control
SMD 95%-Cl Weight

43 40.0 3.0 46 40.0 3.0 —_— 0.00[-0.42;0.42] 9.5%
88 394 27 102 39.1 26 —— 0.11[-0.17;0.40] 20.1%
32 40.0 43 102 391 26 —T—+—— 0.29[-0.11;0.69] 10.3%
76 41.0 3.0 168 40.0 3.0 —F+—— 0.33[0.06;0.60] 22.0%
54 41.0 3.0 168 40.0 3.0 — 7+ 0.33[0.02;0.64] 17.2%

———— 0.33[0.05;0.61] 21.0%

0.25[ 0.12; 0.38] 100.0%
T T 1T T 1
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correlations between erythrocyte measures and markers associated
with cardiovascular risk, such as BMI and blood pressure, in patients
with OSA.2° In addition, it has been shown that mice with excessive
EPO-induced erythrocytosis showed elevated endothelin-1,*! a
potent vasoconstrictor that is increased upon chronic intermittent
hypoxia.*? Given that endothelin-1 promotes elevation of blood pres-
sure through vasoconstriction, it seems plausible that erythrocytosis is
associated with adverse cardiovascular events. Further studies would
be required to assess the potential contribution of increased erythro-
cyte measures to the development of cardiovascular diseases in
patients with OSA, particularly in patients with severe OSA.

Since OSA is more prevalent in men,! the participants in most
previous studies were predominantly men. However, considering that
men and women have different normal ranges of hematocrit values,
the sex composition of study cohorts may be a confounding factor for
the analysis of the association between erythrocyte measures and
OSA. Furthermore, it has been suggested that the relationship
between erythrocyte measures and cardiovascular disease risk differs
by sex.*® Intriguingly, we found significantly elevated hematocrit
values compared to controls in women, but not in men, suggesting a
sex-specific association between OSA and hematocrit elevation.
Therefore, it would be of interest to investigate whether response to
intermittent hypoxia is different in men and women. In addition, as
the definition and scoring rule for hypopnea by AASM was remarkably
changed in 2012,%® we separately analyzed the pre-2012 and post-
2012 groups. The significant elevation of hematocrit values in patients
with OSA remained stable in the subgroup analysis of the post-2012
group, indicating that the results were preserved when the current
scoring rule was applied.

This study had several limitations. First, there might be a selection
bias because all the studies included in this meta-analysis were
hospital-based studies. Population-based studies may provide more
accurate information on the general population. Second, we excluded

articles in languages other than English, which may have biased the

51017 SUOLULLOD SAITER.D) 3| [ddke aU) Ad PoUIBAOB 918 DI WO ‘38N J0 S3INU 0 ARic]1 ] BUIIUO AB]1A O (SUO1IPUCO-PUE-SWLB W00 A3 1 AJR.q 1 PU1UO//Sc1IY) SUONIPLOD PUE LB | 841395 *[£202/80/0] U0 ARRId1 BUIIUO AB]1AM BUILOALEILR0D Ad TGL Z011/Z00T OT/I0p/W00" A3 |1 ARe.d) jBu! Uo//'Sd Ny WOl Papeo|umoq ‘Z ‘2202 '8E088LEZ



Laryngoscope
634 ArYNEOSCor

RHA ET AL

results. Third, co-morbidities such as hypertension and smoking his-
tory of patients with OSA were unknown, which may be uncontrolla-
ble confounding factors in our analysis. However, the strength of this
meta-analysis is that it included the largest number of studies to

investigate the association between OSA and hematocrit.

5 | CONCLUSION

In summary, the current meta-analysis showed that patients with
OSA, particularly severe patients, had significantly higher hematocrit
values than controls. However, the elevation of hematocrit was mod-
est and the value was estimated to be within the normal range. These
data suggest that OSA is associated with a slight increase in hemato-
crit but does not cause clinically significant erythrocytosis. Therefore,
evaluation of OSA may not be mandatory for the diagnostic work-up

of secondary erythrocytosis without cardiovascular diseases.
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