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Reticulocytes in untreated Obstructive
Sleep Apnoea
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Introduction

One of the consequences of hypoxaemia is an
increased erythropoietin (EPO) production, acti-
vated by the hypoxia-inducible factor-1 (HIF-1)
[1]. EPO, in turn, acts as an antiapoptotic factor for
erythroid progenitor cells and increases red blood
cells (RBC) production [2]. At the same time, EPO
increases the percentage of reticulocytes in periph-
eral blood, and, possibly, their more immature
forms [3-5]. Immature reticulocytes increase par-
ticularly when iron availability is insufficient in
proportion to the erythropoietic activity [4, 6].

Hypoxaemia may also contribute to the release
of immature reticulocytes. The finding of an in-
crease in peripheral immature reticulocytes in nor-
mal subjects after strenuous exercise [7] suggested
a contribution of acute hypoxaemia to stimulate
their release, independent of any EPO augmenta-
tion. In addition, an increase in immature reticulo-
cytes was found in large samples of patients with
pulmonary disease, who, however, had not been

characterised for severity of hypoxaemia [8]. In
patients with hypoxaemic respiratory disease, EPO
and RBC responses to hypoxaemia appear highly
variable, and apparently modulated by the type of
disease and interindividual differences among pa-
tients with the same disease. For similar levels of
hypoxaemia, patients with chronic obstructive pul-
monary disease (COPD) produce more RBC than
patients with idiopathic pulmonary fibrosis despite
similar levels of EPO [9], but even among COPD
patients intensity of erythropoiesis is highly variable
[10] and erythropoietin resistance may occur [11].

Conversely from other respiratory disease
characterised by persistent hypoxaemia, obstruc-
tive sleep apnoea (OSA) is characterised by re-
peated short hypoxaemic episodes during sleep.
Studies performed in OSA have not clarified
whether recurrence of hypoxaemia may affect ery-
thropoiesis. In uncomplicated OSA polycythemia
is rare. A relationship between nocturnal hypox-
aemia and haematocrit may be demonstrated only
on very large samples of OSA patients and its clin-
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Background and Aim. The short, repetitive hypox-
aemic episodes observed in obstructive sleep apnoea (OSA)
may determine small augmentations in mature red blood
cells. It is unknown whether they affect reticulocyte re-
lease. This study explored whether the number and degree
of maturation of circulating reticulocytes may be altered in
OSA, possibly through the effect of erythropoietin.

Methods. Fifty male adult patients with suspected
OSA, normoxic during wakefulness, were studied. After
nocturnal polysomnography, a blood sample was with-
drawn for blood cells count, erythropoietin, iron and
transferrin determination. Reticulocyte concentration and
degree of immaturity [high (H), medium (M), or low (L)]
were also determined. Immature reticulocyte fraction
(IRF) was calculated as (M+H) percentage of reticulo-
cytes.

Results. A wide range of OSA severity was found [ap-
noea/hypopnoea index (AHI): 44.3±30.4, range 0.3-105;
sleep time spent at oxyhaemoglobin saturation <90%:
18.1±22.2%, range 0-81%]. Both reticulocyte count and
IRF slightly exceeded the normal range. Patients with a
reticulocyte concentration >2% had higher EPO levels
(p<0.05), but not worse nocturnal desaturations, than
those with values <2%. By contrast, subjects with IRF
<15% showed worse desaturations (p<0.05), but similar
EPO concentrations, when compared to subjects whose
IRF was <10%. At univariate analysis, reticulocyte count
correlated to erythropoietin, while IRF to transferrin sat-
uration, BMI and OSA severity. At multiple regression,
only lowest nocturnal oxygen saturation remained a sig-
nificant contributor to IRF (r2 0.223, p<0.05).

Conclusions. This data suggests that hypoxaemia due
to OSA could influence the release of immature reticulo-
cytes, but this effect is not mediated by erythropoietin.
Monaldi Arch Chest Dis 2008; 69: 3, 107-113.
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ical significance is uncertain [12, 13]. Further-
more, treatment of OSA with continuous positive
pressure ventilation (CPAP) prevented the acute
increase in morning haematocrit secondary to noc-
turnal haemoconcentration, but did not otherwise
affect it in the long term [14]. As regards EPO, on-
ly one group found that it was significantly related
to OSA [15] and decreased after CPAP therapy
[16]; other studies found that EPO was not signif-
icantly [17-20], or was only weakly associated to
OSA [21]; more recently, a short-lived increase in
EPO concentration after exposure to apnoeas has
been shown [22], probably due to the short half-
life of EPO. In two studies, EPO levels in OSA did
not significantly correlate to RBC [16, 20].

Investigations performed so far have not in-
cluded the assessment of reticulocyte count and
maturity in peripheral blood, which could better
clarify the effects of OSA on erythropoietic activ-
ity. Automatic detection of immature reticulocytes
can be easily obtained by evaluation of cellular
fluorescence, which reflects RNA content: highly
immature reticulocytes are characterised by high
fluorescence.

The aim of this study was to explore whether
OSA could affect erythropoiesis in patients with
suspected OSA. Reticulocyte assessment, never
included in previous studies on this topic, was ob-
tained by measuring peripheral reticulocyte counts
and maturity. The latter were correlated to severity
of nocturnal respiratory disorders, morning plasma
levels of EPO and iron availability as evaluated by
transferrin saturation.

Patients and methods

Consecutive male subjects referred to the sleep
laboratory of our Institution for nocturnal monitor-
ing due to suspected OSA were studied. Exclusion
criteria were pathological haemoglobins, anaemia
(Hb <13 g%), regular blood donations, wake oxy-
haemoglobin saturation (SaO2) <92%, airway ob-
struction at spirometry (FEV1/FVC <70%). Fifty
subjects were asked to participate, and all of them
accepted. Among them, forty-seven did not regu-
larly assume any medication, three assumed
omeprazole, one simvastatin and one aspirin (100
mg/day). Fifteen patients were current smokers:
among them, seven smoked ≤10, four 11 to 20, and
four >20 cigarettes/day.

The protocol was approved by the local Ethical
Committee and all patients gave written informed
consent.

Patients underwent all-night monitoring for
OSA diagnosis. 24 received home monitoring us-
ing a validated portable cardio-respiratory monitor
(POLYMESAM, MAP, Martinsried, Germany),
while 26 were recorded by laboratory polysomnog-
raphy (PS-2 Compumedics, Abbottsford, Aus-
tralia). The following morning, within two hours
after the end of the nocturnal recording, in the fast-
ing state, a venous blood sample was withdrawn.

Nocturnal studies were manually scored. In the
polysomnographic studies, sleep was scored ac-
cording to standard rules [23]. In the home record-

ings, wakefulness periods were identified based on
patients’ diary and on characteristics of the record-
ed signals (like movement artefacts, heart rate be-
haviour, posture) and were excluded from the
analysis. In all recordings, flow was detected by
nasal cannulas connected to a pressure transducer.
Apnoeas were scored when the airflow signal dis-
appeared for at least 10 seconds, and were classi-
fied as central, obstructive or mixed, according to
usual criteria. Hypopnoeas were considered as dis-
cernible reductions in the amplitude of the airflow
signal for at least ten seconds, followed by a >3%
desaturation. Apnoea/hypopnoea index (AHI) was
calculated as number of (apnoeas + hypop-
noeas)/hour of sleep time, either measured on EEG
(for polysomnographic registrations), or estimated
(for cardiorespiratory monitorings). SaO2 was
evaluated as baseline wake SaO2 value, absolute
lowest nocturnal SaO2 (lowest SaO2), and sleep
time with SaO2 <90% (TST<90%). Patients were
classified as non-OSA (AHI <5), or affected by
mild, moderate or severe OSA according to an
AHI 5-15, >15-30, or >30, respectively.

Venous blood in EDTA was used to determine
red blood cell counts, haematocrit, haemoglobin,
and reticulocytes. Reticulocytes were automatical-
ly counted (ADVIA 120, Bayer Diagnostics),
based on the measurement of scatter and absorp-
tion of laser light. RNA content was analysed by
the oxazine 750 method [24]. Fractions of reticu-
locytes with low (LRF), medium (MRF) and high
(HRF) fluorescence for RNA (representing, re-
spectively, subpopulations with a low, medium and
high degree of immaturity) were determined. Im-
mature reticulocyte fraction (IRF) was calculated
as MRF + HRF. Iron and transferrin were mea-
sured, and transferrin saturation was calculated.
EPO was measured by Elisa (R&D Systems, Min-
neapolis, MN, USA).

Data is shown as mean ± SD. Linear regression
analysis was applied to correlate the studied vari-
ables. Factorial one-way ANOVA followed by Stu-
dent-Newman-Keuls test were used for compar-
isons between groups showing different % of retic-
ulocytes or IRF. Multiple regression was used to
identify significant contributors to IRF, after exclu-
sion of variables with high collinearity (r >0.5). A
p <0.05 was considered significant in all analyses.

Results

The patients studied were middle-aged (46.1±9.0
yrs), overweight or obese (BMI: 32.7±5.4 kg/m2),
and showed normal wake SaO2 (95.8 ± 1.1%) and
pulmonary function tests (FEV1 %predicted:
104.9±11.9, FEV1/FVC 80.5±4.5%). The range of
severity of sleep respiratory disorders was quite
wide, as shown in table 1. According to AHI, 5
subjects were classified as non-OSA, 8 as mild
OSA, 5 as moderate OSA, and 35 as severe OSA.
REM sleep was recorded in all the 26 subjects who
underwent polysomnography and accounted for
13.3 ± 6.1% of total sleep time.

Data relevant to red blood cells and plasma de-
terminations is shown in table 2. Pearson’s corre-
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lation coefficients for haematological parameters
are shown in table 3. Several significant relation-
ships were found, but all correlations were weak.
RBC counts correlated to EPO and TST<90%,
while haematocrit showed a borderline correlation
with EPO (p = .055). Reticulocytes, both as num-
ber of elements/litre and as %RBC, were signifi-
cantly correlated to EPO, but not to polysomno-
graphic parameters, transferrin saturation or an-
thropometric characteristics. After patients were
divided into three groups according to reticulocyte
concentration (group 1: <1.5%; group 2: 1.5-2%;
group 3: >2%) significant differences between

groups were observed in EPO, but not in severity
of oxygen desaturation (figure 1). By contrast, IRF
did not correlate to EPO, while correlated signifi-
cantly to all the considered parameters of severity
of sleep respiratory disorders, transferrin satura-
tion, and BMI. Among reticulocyte fractions,
MRF was the most tightly correlated to the previ-
ous variables. HRF did not correlate to any vari-
able. If patients were divided into three groups ac-
cording to IRF (group 1: <10%; group 2: 10-15%;
group 3: >15%) significant differences between
groups were observed in severity of oxygen desat-
uration, but not in EPO (figure 2).

Table 1. - Sleep Data

mean SD range

TST (min) 391 57.4 228-499
AHI (no/h) 44.3 30.4 0.3-105
TST<90% (%) 18.1 22.2 0-81
Lowest SaO2 (%) 75.0 13.5 44-92

TST: total sleep time; AHI: apnoea/hypopnoea index; TST<90%: percentage of total sleep time spent with oxyhaemoglobin
saturation below 90%; Lowest SaO2: lowest nocturnal oxyhaemoglobin saturation.

Table 3. - Univariate correlations

AHI Lowest SaO2 TST<90% EPO Transf sat BMI

RBC .278 -.195 .280* -.282* .032 .232
Ht .154 -.115 .195 -.273 .241 .192
Ret .027 -.160 .240 .287* -.153 -.019
Ret% -.027 -.133 .175 .363** -.171 -.060
IRF .327* -.375** .326* .134 -.339* .323*
LRF -.327* .374** -.325* -.133 .338* -.322*
MRF .388** -.445** .390** .132 -.391** .387**
HRF -.020 .021 -.032 .096 -.040 -.037

AHI: apnoea/hypopnoea index; Lowest SaO2: lowest nocturnal oxyhaemoglobin saturation; TST<90%: percentage of total
sleep time spent with oxyhaemoglobin saturation below 90%; EPO: erythropoietin; Transf sat: transferrin saturation; BMI:
body mass index; RBC: red blood cells; Ht: haematocrit; Ret: reticulocyte concentration; Ret%: reticulocytes as % of RBC;
IRF: immature reticulocyte fraction; LRF: low immaturity reticulocyte fraction; MRF: medium immaturity reticulocyte
fraction; HRF: high immaturity reticulocyte fraction.
* p<.05. ** p<.01

Table 2. - Haematological Data

mean SD range

RBC (n*106/ml) 5.3 0.3 4.7-6.1
Hb (g%) 15.7 0.8 14.2-17.7
Ht (%) 45.5 2.4 41.1-51.9
Reticulocytes (n*109/l) 84.9 20.1 47.2-132.5
Reticulocytes (%RBC) 1.6 0.4 0.9-2.7
LRF (%) 87.8 4.5 78.0-94.8
MRF (%) 10.8 3.9 4.1-19.5
HRF (%) 1.4 1.0 0.0-5.6
IRF (%) 12.3 4.5 5.2-22.0
Transferrin saturation (%) 23.8 7.3 12.7-43.0
EPO (mIU/ml) 10.9 3.8 5.1-21.7

RBC: red blood cells; Hb: haemoglobin; Ht: haematocrit; LRF: low immaturity reticulocyte fraction; MRF: medium
immaturity reticulocyte fraction; HRF: high immaturity reticulocyte fraction; IRF: immature reticulocyte fraction; 
EPO: erythropoietin;  IRF: immature reticulocyte fraction.
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AHI, TST<90%, and lowest SaO2 were highly
intercorrelated (r >.5 for all). Therefore, only low-
est SaO2, which showed the highest correlation co-
efficient with IRF, together with BMI and transfer-
rin saturation was entered as independent variable
at multiple regression with IRF as dependent vari-
able. Only lowest SaO2 proved a significant con-
tributor to IRF at that test (r2 = .223).

Characteristics of sleep respiratory disorders
and haematological data according to smoking
habits are shown in table 4. Among subjects smok-
ing >10 cigarettes/day, two were non-OSA and six
showed severe OSA. If these eight subjects were
excluded from analyses, only the correlation be-
tween IRF and transferrin saturation was lost,
while all the others remained significant.

Discussion

To our knowledge, this is the first study that
evaluated reticulocytes in OSA. The studied sam-
ple included subjects with a wide spectrum of sleep
respiratory disorders severity, ranging from normal
to very severe. The data suggests a minor effect of
OSA on eryhtropoiesis, in line with previous stud-
ies [12, 13]. In particular, intermittent hypoxaemia
may affect the release of immature reticulocytes,

possibly by a direct effect on the bone marrow
rather than through the action of EPO.

Although the findings of this study indicate
some influence of OSA on peripheral reticulocytes
release, there is much uncertainty on the normal
range of reticulocyte values, as they may change in
relationship to several factors, like age, gender or
equipment used for the determinations. We are
aware of only one study using the ADVIA system
for reticulocyte determinations with results sepa-
rately reported for normal adult male subjects [25]:
such results showed lower reticulocyte number
and immaturity than in the subjects of the present
study (normal values reported: reticulocyte num-
ber: 29-69 x103/L; reticulocyte %RBC: 0.5-1.4;
MRF: 1.5-10.7%; HRF: 0-2.0%). Other results of
reticulocytes determinations were more similar to
those found in this study, but they were in relation
to samples including children and ill subjects [26,
27], or were obtained with instruments other than
the ADVIA system [28].

A weak correlation between degree of reticu-
locyte maturity and severity of nocturnal hypox-
aemia, independent of iron availability, was found.
The number of reticulocytes, but not their degree
of maturity, correlated to EPO concentration,
which, in turn, did not correlate to OSA severity.

Fig. 1. - Lowest nocturnal oxyhemoglobin saturation (upper panel)
and morning erythropoietin concentration (lower panel) in groups of
patients with different % of reticulocytes. * p<0.05 vs group 3.

Fig. 2. - Lowest nocturnal oxyhemoglobin saturation (upper panel) and
morning erythropoietin concentration (lower panel) in groups of patients
with different immature reticulocyte fractions (IRF). *p<0.05 vs group 3.
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The possible effect of smoking was considered,
and it did not appear to interfere with the results, in
line with previous studies that did not demonstrate
an increase in reticulocytes in smokers [29, 30].

The relationship between hypoxaemia and ma-
turity of circulating reticulocytes has not been
studied. Some clues about its possible influence
may be obtained from a few studies on reticulo-
cytes in conditions possibly associated with hy-
poxaemia, but where hypoxaemia was not mea-
sured. In particular, in patients with unspecified
pulmonary disease reticulocytes percentage was
not augmented while an increase in immature
reticulocytes was reported; that was considered a
possible effect of hypoxia and EPO, which, how-
ever, were not measured [8]. Besides, in normal
healthy trained subjects, strenuous exercise was
followed by an increase in both MRF and HRF, as-
sociated with decreased plasma EPO concentration
[7]. A possible explanation for this finding is that
exercise itself contributed to the increased imma-
ture reticulocyte release. However exercise could
have acutely reduced oxygen availability, and, by
this mechanism, could have increased circulating
immature reticulocytes, although plasma EPO
concentration fell. By analogy, in the OSA patients
obstructed respiratory efforts could have played a
role. However, the significant relationships be-
tween IRF and nocturnal hypoxaemia, that was in-
dependent of EPO, suggest that hypoxaemia di-
rectly exerted some effect on the release of imma-
ture reticulocytes. The changes were small and un-
likely to represent a clinically significant effect.
Similar to the influence of OSA severity on
haematocrit [12], an effect on immature reticulo-
cytes release in the peripheral blood could be
clearly demonstrated only in a very large patients’
sample. In this study, the presence of patients with
very long periods of the night spent with SaO2
<90% (up to 81%) raises the question if stable
rather than intermittent hypoxaemia could be re-
quired to find an effect on immature reticulocyte

release. However, if we excluded from the analy-
sis the seven patients with a TST<90% greater
than 50%, the correlation between lowest SaO2
and IRF remained significant.

The lack of any relationship between the in-
tensity or duration of nocturnal hypoxaemia and
EPO deserves comment. Despite some conflict-
ing results, previous literature has also shown a
poor, if any, effect of OSA on plasma EPO [15,
17-20, 22]. This could, however, have different
explanations.

One hypothesis could be that the pattern of in-
termittent hypoxaemia that characterises OSA is
poorly effective in stimulating the release of this
hormone, in line with the finding in vitro that in-
termittent hypoxia may preferentially activate a
proinflammatory pathway instead than HIF-1α
pathway [31]. Most of our knowledge about the re-
lationship between hypoxaemia and EPO has been
obtained through studies on prolonged hypox-
aemia. Experimental studies on intermittent hy-
poxaemia in humans, mainly performed in ath-
letes, evaluated the effects of hypoxic exposure for
a few hours a day, and showed conflicting results
not only as regards EPO but also reticulocytes re-
lease: a few investigations showed both an in-
crease in reticulocytes and in EPO [32-34], other
studies found an increase in reticulocytes without
a concomitant increase in EPO [35-36], and anoth-
er group reported an increase in EPO without a
concomitant increase in reticulocytes [37-39].
However, intermittent hypoxaemia of OSA con-
sists of sequences of short hypoxic episodes, usu-
ally lasting less than a minute, separated by even
shorter normoxic intervals, recurring up to hun-
dreds of times each night during sleep. Only one
study evaluated EPO response in normal subjects
exposed to an intermittent hypoxaemia pattern re-
sembling the one of OSA, and found an EPO re-
sponse only for prolonged exposures to intermit-
tent hypoxaemia [40]. According to this investiga-
tion, an EPO response should have been observed

Table 4. - Sleep respiratory disorders and haematological data according to smoking habits

non-smokers smokers <10 cig./day smokers >10 cig./day
n=35 n=7 n=8

mean SD mean SD mean SD

AHI (n/h) 41.3 30.4 44.2 20.4 58.4 36.9
Lowest SaO2(%) 75.3 13.1 78.1 14.2 72.1 15.8
TST<90% (%) 16.7 22.7 16.4 26.6 29.1 22.0
RBC (106/ml) 5.3 0.3 5.4 0.3 5.2 0.3
Hb (g%) 15.6 0.9 16.0 0.9 15.6 0.9
Ht (%) 45.4 2.5 46.1 2.7 45.1 2.1
Ret (109/l) 85.6 21.1 77.7 19.9 88.2 15.7
Ret (%RBC) 1.6 0.4 1.5 0.4 1.7 0.3
IRF (%) 12.6 4.4 9.1 3.2 14.3 4.5
EPO (mIU/ml) 10.6 3.4 10.2 4.5 13.0 4.4

Cig.: cigarettes; AHI: apnoea/hypopnoea index; Lowest SaO2: lowest nocturnal oxyhaemoglobin saturation; TST<90%:
percentage of total sleep time spent with oxyhaemoglobin saturation below 90%; RBC: red blood cells; Hb: haemoglobin; 
Ht: haematocrit; Ret: reticulocytes; IRF: immature reticulocyte fraction; EPO: erythropoietin.
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in the most severe cases, but that could not be
demonstrated in the present study.

Alternatively, the one- to two-hours interval
between morning awakening and blood withdraw-
al could have blunted any effect of nocturnal res-
piratory disorders on EPO. Actually, some studies
suggested that some effect of OSA on EPO may be
found, provided that blood is sampled shortly after
a prolonged period of exposure to apnoeas [22].
However, as ‘half-life’ of EPO is about 4 hours,
we believe this hypothesis to be unlikely. Besides,
inflammatory cytokines, which are produced in
excess in OSA [41, 42], could confound the rela-
tionship between EPO and hypoxaemia, as they
have complex interactions with HIF and EPO, and
may decrease their production or inhibit their ac-
tivity [43, 44]. Such hypothesis was tested by mea-
suring TNF-alpha concentration in serum samples,
but no correlation was found between TNF-alpha
and EPO, reticulocyte number or maturity (data
not shown).

EPO was significantly, although weakly, corre-
lated to total RBC and reticulocyte counts. In fact,
in two previous studies on OSA with only few sub-
jects, no significant correlation between EPO and
RBC was found [16, 20]. The hypothesis that the
effects of EPO might be inhibited by inflammato-
ry cytokines is not supported by our findings.

In conclusion, OSA appears associated with a
minor disturbance in erythropoietic activity. It
could subclinically affect erythropoiesis by induc-
ing a small increase in circulating immature retic-
ulocytes, which is correlated to sleep hypoxaemia.
Studies on larger patients’ samples, as well as in-
vestigations on the effects of treatment of OSA,
could better clarify the role of intermittent hypox-
aemia on immature reticulocyte release.
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