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Abstract
Selectins and their ligands play an important
role in atherosclerosis. The role of these adhe-
sion molecules in the pathogenesis of obstruc-
tive sleep apnea (OSA) may be of clinical
relevance. Therefore, the aim of this study
was to assess the serum content of platelet
P-selectin (P-SEL) and P-selectin glycoprotein
ligand 1 (PSGL-1) in different OSA stages.
The study was performed in nondiabetic
patients, aged 32–71, in whom OSA was
verified by polysomnography. The apnea/
hypopnea index (AHI) was used to stratify
OSA stages: AHI <5, no sleep pathology
(OSA-0); AHI 5–15, (OSA-1); AHI 16–30,
(OSA-2); and AHI >30, (OSA-3). There were
16 patients in each group. P-SEL and PSGL-1
were assessed by ELISA kits. There were no
appreciable differences in the patients’ glucose
or high-specificity C-reactive protein content.
We found that P-SEL and PSGL-1 signifi-
cantly increased from OSA-0 to OSA-3.
There were the following positive associations
in all OSA patients: P-SEL vs. AHI, PSGL-

1 vs. AHI, and P-SEL vs. PSGL-1. In addition,
the adhesion molecules are associated with the
anthropometric parameters, oxygen saturation,
and sleep architecture in the OSA-1 group. We
conclude that the adhesion molecules consis-
tently increase in the blood of nondiabetic
OSA patients, along with progression of disor-
der severity.
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1 Introduction

The obstructive sleep apnea (OSA) is a common
sleep disorder, with 9–38% the prevalence in the
adult population (Senaratna et al. 2017). The
essential pathophysiologic feature is a recurrent
cessation of breathing during sleep caused by
upper airways collapse. The severity of OSA is
usually stratified on the basis of the apnea-
hypopnea index (AHI) as follows: mild (AHI
5–15), moderate (AHI 15–30), and severe
(AHI >30) (Kapur et al. 2017). The most common
risk factors for OSA include obesity, male gender,
age, and postmenopausal state (Laratta et al.
2017), all of which are akin to the typical
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cardiovascular risk factors. Recurrent episodes of
apnea or hypopnea cause many a pathological
process, foremost hypoxia–reoxygenation cycles
and rapid alterations in the intrathoracic pressure,
leading to endothelial dysfunction, oxidative
stress, and general atherosclerosis.

Atherosclerosis is a multifactorial inflamma-
tory disease which is expected to be the main
cause of mortality in the Western countries
(Hansson 2005) due to the development of a
spate of cardiovascular and cerebrovascular
pathologies. The earliest stage of atherosclerosis
is endothelial dysfunction, with dysregulation of
thrombosis, redox imbalance, and inflammatory
reactions (Gimbrone Jr and Garcia-Cardena
2016), which is followed by migration and adhe-
sion of leukocytes to the endothelium. These pro-
cesses are mediated by adhesion molecules,
notably by P-selectin (P-SEL) which is a trans-
membrane glycoprotein, stored in endothelial
cells and platelets. P-SEL translocates to the cell
surface after cell activation (Ley 2003), where the
molecule is conducive to leukocyte–endothelium
and platelet–endothelium interactions (Budhiraja
et al. 2007). Expression of P-SEL is remarkably
enhanced in the endothelium overlying active
atherosclerotic plaques (Johnson-Tidey et al.
1994). Adhesion of leukocytes to endothelial
cells is mediated by the P-selectin glycoprotein
ligand-1 (PSGL-1), which is a leukocyte protein
responsible for about 90% of P-SEL binding.
PSGL-1 also binds to L-selectin and enables the
interaction between leukocytes on inflamed endo-
thelial cells (McEver 2001). PSGL-1 deficiency
prevents endothelial activation and reduces the
risk of atherosclerosis in mice (Luo et al. 2012).
Both P-SEL and PSGL-1 play a key role in the
early stages of atherosclerosis. Therefore, this
study seeks to define the serum content of platelet
P-SEL and PSGL-1 in OSA patients.

2 Methods

There were 64 consecutive patients, aged 32–71,
with a suspicion of OSA, enrolled into the study.
Each patient underwent a physical examination
and was subjected to the Epworth Sleepiness

Scale (ESS) to determine the subjective diurnal
sleepiness. The patients were then referred to
in-lab sleep polysomnographic (PSG) examina-
tion, performed with an EMBLA S4000-
Remlogic setup equipped with Somnologica Stu-
dio v5.0 software (Embla Systems, Thornton,
CO). The full-night recordings were analyzed
manually to verify the data provided automati-
cally. The apnea was defined as a cessation of
airflow lasting for more than 10 s. The hypopnea
was defined as at least 30% reduction of airflow
with at least 4% desaturation, lasting for at least
10 s. On the basis of AHI (the number of apnea
and hypopnea episodes per hour), we divided
patients into four groups: OSA-0 (no disorder;
AHI <5), OSA-1 (mild disorder; AHI 5–15),
OSA-2 (moderate disorder; AHI 16–30), and
OSA-3 (severe disorder; AHI >30); each group
consisted of 16 subjects. Arterial blood pressure,
complete blood count, high-sensitivity C-reactive
protein (hsCRP), lipid profile, fasting (Glu-0),
and 120-min (Glu-120) glycemia during oral glu-
cose tolerance test (OGTT) were determined,
using Dimension Xpand Plus Systems (Siemens
Healthcare Diagnostics, Deerfield, IL). The con-
tent of P-SEL and PSGL-1 was measured by the
ELISA method using a DRG Reagent Kit (DRG
International Inc., Springfield, NJ) on microplate
reader (Sunrise Tecan; Männedorf, Switzerland).
The study participants with hsCRP <8.00 mg/L
and no diabetes according to the OGTT results
were enrolled. The exclusion criteria were as
follows: chronic or acute heart diseases, stroke,
respiratory failure, chronic kidney or liver dis-
ease, current smoking, neoplasm, diabetes
mellitus, and current infection.

Data were expressed as medians and
interquartile ranges (IQR: 25th–75th). The
Shapiro-Wilk test was used to check data distri-
bution. Since the distribution was skewed, non-
parametric tests were used in further analysis.
Differences among the studied groups were
assessed with the Kruskal-Wallis test, followed
by a post hoc Dunn’s test. The Spearman rank
correlation coefficient (rho) was used to investi-
gate correlations among parameters, with the fol-
lowing estimators of a rho strength: weak
(0.10–0.29), average (0.30–0.49), strong
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(0.50–0.69), very strong (0.70–0.89), and almost
full (0.90–1.00). Multiple regression analysis was
conducted for relevant parameters. In all of the
tests, p < 0.05 was taken as an indicator of statis-
tical significance. The analysis was performed
using a commercial statistical packet of Statistica
v12.0 (StatSoft, Tulsa, OK).

3 Results

Clinical and laboratory characteristics of the
study groups are shown in Table 1. The groups
differed in the AHI and ESS results. There also
were significant differences in the body mass
index (BMI) and neck circumference, with the
highest values in OSA-3 group. However, there
were no intergroup differences in blood pressure,
glucose levels during OGTT, total cholesterol,
LDL-cholesterol, or triglycerides, nor were there
any in the duration of sleep phases expressed as a
percentage of the total sleep time neither.

There were significant differences in P-SEL
and PSGL-1 content among the OSA groups.
P-SEL increased from OSA-0 to OSA-3
(Fig. 1), with the following statistical power of
differences of the intergroup comparisons with
Dunn’s test: OSA-0 vs. OSA-1 (p > 0.05),
OSA-0 vs. OSA-2 (p < 0.002),
OSA-0 vs. OSA-3 (p < 0.001), and
OSA-1 vs. OSA-3 (p < 0.001). PSGL-1 also
increased from OSA-0 to OSA-3 (Fig. 2), with
the following intergroup significance:
OSA-0 vs. OSA-1 (p ¼ 1.0), OSA-0 vs. OSA-2
(p ¼ 0.100), OSA-0 vs. OSA-3 (p < 0.001), and
OSA-1 vs. OSA-3 (p < 0.001).

Associations between P-SEL and PSGL-1
content and other parameters in the OSA groups
are shown in Table 2. P-SEL is strongly or very
strongly associated with the level of AHI, mini-
mum oxygen saturation, white blood cell count,
and total cholesterol. Likewise, PSGL-1 is
associated with the magnitude of AHI. On the
other hand, duration of non-REM-3 sleep is
adversely associated with the content of both
P-SEL and PSGL-1.

Multiple regression analysis was used to
assess which investigated parameters could

independently influence the content of either
P-SEL or PSGL-1 (Table 3). Increasing AHI
might explain about 95% of linear increase in
PSGL-1 in OSA-3 and 83% of linear increase in
PSGL-1 in OSA-2. Moreover, elevated PSGL-1
might explain 84% of linear increase in P-SEL in
OSA-3.

4 Discussion

The major finding of the present study was that
the blood content of the adhesion molecules
P-SEL and PSLG-1 in the blood of OSA patients
progressively increased from mild to severe OSA.
Moreover, there was a significant inverse associ-
ation between average arterial oxygen saturation
and P-SEL content. On the other side, P-selectin
is associated rather weakly with the anthropo-
metrical parameters such as BMI or waist and
neck circumference. These findings confirm
some of the other studies on the issue, although
differ in details with yet some other studies. A
previous study in 80 male non-smoking
Caucasians has also shown a progressive increase
of P-SEL along the increase of OSA severity
(Cofta et al. 2013). Another one has shown that
P-SEL, and also the incidence of silent brain
infarction, is significantly higher in moderate-to-
severe OSA when compared to the control group
of obese patients but not suffering from OSA.
Moreover, CPAP treatment reverses the increased
P-SEL content (Minoguchi et al. 2007).
Dyugovskaya et al. (2008) have shown in a
group of 68 patients that P-SEL content is
increased in patients with severe OSA when com-
pared to mild OSA. Rather unexpectedly, those
authors find the difference in P-SEL loses signifi-
cance after adjustment to BMI, which may point
to a key role of obesity in the enhancement of the
molecule content in OSA. A study by Jurado-
Gamez et al. (2012) has used the oxygen
desaturation index per hour (ODI), as opposed
to AHI in the studies outlined above, as a measure
of OSA severity. The authors have shown an
increase in P-SEL in severe “desaturators” (ODI
�30%) when compared to mild-to-moderate
“desaturators” (ODI 5–30%). In another study,
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no difference in P-SEL has been noticed between
“non-desaturators” (ODI <10%) when compared
with “desaturators” (ODI �10%) (Priou et al.
2010). In the experimental rat model, blood
P-SEL content increased in the apnea group
(Nacher et al. 2007). There are, however, studies
failing to show the dependence of blood P-SEL
content on OSA severity, although it correlated
with BMI (Robinson et al. 2004).

In this study, we also found an increase in the
blood content of PSGL-1, a P-SEL glycoprotein

ligand, depending on the OSA severity. The asso-
ciation of PSGL-1 and AHI was particularly
strong in OSA-2 and OSA-3 groups. PSGL-1 is
strongly associated with P-SEL in OSA-3 group.
In contrast, PSGL-1 is weakly associated with
BMI. It is rather hard to compare our results
with the literature data as there is a paucity of
studies on the content of PSGL-1 in the course of
OSA. In a study by Horváth et al. (2018), the
authors fail to report an appreciable difference in

Table 1 Clinical and laboratory characteristics of patients by the severity of obstructive sleep apnea (OSA)

Parameter OSA-0 (n ¼ 16) OSA-1 (n ¼ 16) OSA-2 (n ¼ 16) OSA-3 (n ¼ 16) p

AHI (events/h) 1.6 (0.7–3.3) 10.2 (6.5–12.3) 20.2 (17.1–23.2) 54.5 (50.0–59.5) –

Age (years) 49.5 (42.5–57.5) 56.0 (6.5–12.3) 56.5 (47.0–61.0) 55.0 (50.0–59.5) ns
EPW (points) 6.0 (4.5–9.5) 7.5 (4.5–11.0) 8.0 (6.0–10.0) 11.0 (5.0–14.0) <0.0001
BMI (kg/m2) 26.1 (22.–27.2) 28.4 (26.4–32.1) 28.8 (26.9–30.2) 33.2 (30.1–39.4) <0.0001
Waist (cm) 90.0 (81.0–96.0) 96.5 (92.5–103.5) 102.5 (90.0–107.0) 105.0

(103.0–121.0)
0.0002

Neck (cm) 38.5 (34.5–41.5) 40.5 (39.5–42.5) 42.0 (38.5–43.0) 45.0 (42.0–46.0) 0.0009
NREM1% 8.0 (4.8–15.2) 7.5 (6.0–10.9) 13.9 (8.2–21.3) 15.5 (6.0–21.9) ns
NREM2% 31.1 (24.6–49.1) 29.3 (7.9–41.6) 47.1 (27.3–53.6) 50.7 (26.1–67.0) ns
NREM3% 20.1 (7.9–35.8) 31.5 (22.4–46.1) 15.9 (12.3–38.15) 20.1 (11.5–31.3) ns
REM% 15.7 (9.8–21.8) 21.0 (10.6–25.8) 12.9 (3.9–23.7) 17.3 (0.0–31.3) ns
O2 Sat aver (%) 94.9 (94.0–95.8) 93.8 (93.1–94.4) 94.8 (92.05–95.0) 92.0 (90.8–93.3) ns
O2 Sat min (%) 90.0 (87.5–92.0) 84.5 (80.0–88.5) 82.5 (80.0–86.0) 75.0 (64.5–78.0) ns
SBP (mmHg) 127 (120–141) 132 (119–144) 134 (128–151) 135 (117–153) ns
DBP (mmHg) 85 (77–90) 84 (78–90) 87 (80–97) 90 (80–98) ns
G-0 (mmol/L) 5.07 (4.78–5.31) 5.12 (4.87–5.53) 5.17 (4.81–5.56) 5.41 (5.10–5.84) ns
G-120 (mmol/L) 5.20 (4.64–5.95) 6.67 (4.88–8.13) 6.08 (4.25–7.47) 6.45 (5.07–8.29) ns
T-C (mmol/L) 5.3 (4.9–6.2) 5.7 (5.1–6.4) 5.3 (5.0–6.1) 5.3 (4.9–6.0) ns
TG (mmol/L) 1.3 (0.9–1.7) 1.5 (1.2–2.0) 1.4 (1.0–1.7) 1.7 (1.2–2.3) ns
HDL-C (mmol/
L)

1.7 (1.3–2.0) 1.6 (1.3–1.8) 1.4 (1.2–1.7) 1.4 (1.1–1.5) ns

LDL-C (mmol/
L)

3.4 (3.0–4.3) 3.8 (3.0–4.2) 3.5 (2.8–3.9) 3.6 (3.1–4.0) ns

WBC (10e9/L) 5.63 (5.19–6.54) 6.56 (5.79–7.30) 7.20 (5.71–8.00) 6.47 (5.52–8.29) ns
hsCRP (mg/L) 0.80 (0.60–1.40) 1.40 (0.65–2.05) 1.40 (0.45–2.45) 2.00 (1.45–3.00) 0.058
P-SEL (ng/mL) 35.56

(32.65–39.94)
39.49
(37.27–48.14)

49.64
(45.11–52.83)

59.67
(53.96–77.70)

<0.0001

PSGL-1 (ng/mL) 103.3
(94.25–111.9)

115.3
(99.79–139.3)

139.3
(102.6–429.4)

480.0
(110.4–800.0)

0.003

Data are presented as medians and (IQR: 25th–75th); AHI apnea/hypopnea index, EPW Epworth Sleepiness Scale, BMI
body mass index, Waist waist circumference, Neck neck circumference, NREM non-rapid eye movement sleep stage,
REM rapid eye movement sleep stage, O2 Sat aver average arterial oxygen saturation, O2 Sat min minimum arterial oxygen
saturation, SBP systolic blood pressure, DBP diastolic blood pressure, GLU-0 fasting blood glucose level, GLU-120
blood glucose level at 120 min of oral glucose tolerance test, T-C total cholesterol, TG triglycerides, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,WBC white blood cell count, hsCRP high-sensitivity
C-reactive protein, P-SEL P-selectin, PSGL-1 P-selectin glycoprotein ligand-1, ns nonsignificant; p-values correspond to
the Kruskal-Wallis test
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PSGL-1 content between OSA and non-OSA
patients.

We did not find any appreciable differences in
the duration of NREM-3 sleep stage, expressed as
a percentage of total sleep time, across all of the
OSA groups investigated. Interestingly, strong

adverse P-SEL–NREM-3 and PSGL-1–NREM-3
associations were unravelled. Currently, there are
no data linking disorders of sleep stages with
cardiovascular risk. Further investigations are
required to explore whether a reduction in

Fig. 1 Blood content of
P-selectin (P-SEL) across
the groups of increasing
obstructive sleep apnea
(OSA) severity: OSA-0, no
disease; OSA-1, mild;
OSA-2, moderate; and
OSA-3, severe OSA
(p < 0.001; Kruskal-Wallis
test)

Fig. 2 P-selectin
glycoprotein ligand-1
(PSGL-1) across the groups
of increasing obstructive
sleep apnea (OSA) severity:
OSA-0, no disease; OSA-1,
mild; OSA-2, moderate;
and OSA-3, severe OSA
(p ¼ 0.003; Kruskal-Wallis
test)
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NREM-3 sleep could be an early presage of the
development of arteriosclerosis.

Atherosclerosis is a chronic inflammatory dis-
ease, resulting from the interplay of dysfunctional
endothelium with systemic hemostatic and
inflammatory mechanisms (Lui and Sau-Man
2012). It is characterized by the accumulation of
lipids and fibrous elements especially in large
arteries (Lusis 2000). This process is the main

cause of cardiovascular disorders (CVD), includ-
ing stroke, myocardial infract, and heart failure,
the irreversible effects of advanced atherosclero-
sis. The early stage of atherosclerosis is a chal-
lenge for clinical practice, especially since
patients could benefit from therapeutic
modifications of CVD risk factors. One of the
earliest stages of atherosclerosis is leukocyte
rolling on activated endothelium, which is

Table 2 Associations of P-selectin (P-SEL) and
P-selectin glycoprotein ligand-1 (PSGL-1) with the
investigated parameters, when significant in at least one

group of obstructive sleep apnea (OSA) severity
(Spearman’s rho correlation coefficients)

Molecule
OSA-0
(n ¼ 16)

OSA-1
(n ¼ 16)

OSA-2
(n ¼ 16)

OSA-3
(n ¼ 16)

OSA-1, 2, 3
(n ¼ 52)

All patients
(n ¼ 64)

P-SEL
AHI 0.517 0.503 0.689 0.735
BMI 0.390
Waist 0.328 0.372
Neck 0.520 0.498 0.498
NREM1
NREM2 0.524 0.391 0.324
NREM3 �0.612 �0.381 �0.268
O2 Sat aver �0.294 �0.384
O2 Sat min �0.402 �0.606
WBC 0.629 0.319
hsCRP 0.265
Glu-0
Glu-120
T-C
PSGL-1 0.559 0.840 0.454 0.466
PSGL-1
AHI 0.786 0.802 0.554 0.556
BMI 0.284
Neck 0.298 0.337
NREM1
NREM2
NREM3 �0.556 �0.306
O2 Sat aver 0.499
O2 Sat min 0.621 �0.274
WBC 0.720
hsCRP 0.535 0.342
Glu-0 �0.512
Glu-120 0.503
T-C 0.690
LDL-C 0.290

AHI apnea/hypopnea index, BMI body mass index, Waist waist circumference, Neck neck circumference, NREM
non-rapid eye movement sleep stage, O2 Sat aver average arterial oxygen saturation, O2 Sat min minimum arterial oxygen
saturation,WBC white blood cell count, hsCRP high-sensitive C-reactive protein, Glu-0 fasting blood glucose level,Glu-
120 blood glucose level at 120 min of oral glucose tolerance test, T-C total cholesterol, T-C total cholesterol, LDL-C
low-density lipoprotein cholesterol
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promoted by the adhesion molecules P-SEL and
its glycoprotein ligand PSGL-1. Enhanced
plasma content of P-SEL reflects both endothelial
dysfunction and platelet activation (Blann et al.
2003). Burger and Wagner (2003) have shown
that P-SEL contributes to atherosclerosis through
mediating the monocyte rolling, recruitment of
leukocytes to atherosclerotic lesions, and facilita-
tion of thrombosis.

P-SEL is elevated in the blood of patients with
acute myocardial infraction (Chiu et al. 2005;
Ikeda et al. 1994). Moreover, an inhibitor of
P-SEL suppresses plaque formation, rupture,
and the intimal bleeding (Guo et al. 2015).
Chung et al. (2009) and O’Connor et al. (1999)
have reported the elevation of P-SEL in
congestive heart failure, although it failed to asso-
ciate with the ejection fraction. Interestingly, the
authors find no difference in P-SEL depending on
the ischemic and nonischemic background of
heart failure, nor does the content of P-SEL
depend on the use or not of acetylsalicylic acid
by patients. P-SEL also is elevated in line with the
progressing vascular dysfunction of hypertension
(Sanada et al. 2005; Verhaar et al. 1998) and in

the early stage of progressing ischemic stroke
(Wang et al. 2013).

PSGL-1 is constitutively expressed on the cell
surface (Kappelmayer and Nagy Jr 2017;
Frenette et al. 2000). It recruits leukocytes and
platelets into the atherosclerotic lesions (Huo and
Xia 2009; Frenette et al. 2000). It also adversely
affects lipid metabolism as reduced content of
total cholesterol, LDL-C, and triglycerides and
elevated HDL-C are noticed in PSGL-1-deficient
mice (Li et al. 2018). Ozaki et al. (2014) have
shown that PSGL-1 expression is higher in acute
than in stable coronary insufficiency, possibly
due to plaque instability (Kitamura et al. 2018).
These findings are supported by the experimental
studies in the mouse showing that PSGL-1 defi-
ciency is associated with reduced atherosclerosis
burden and less endothelial damage (Luo et al.
2012).

Elevated risk of atherosclerosis in OSA
patients has been widely discussed. Untreated
OSA leads to increased morbidity and mortality.
Cardiovascular disorders and their sequelae are
the most frequent complications (Lavie et al.
1995). The Sleep Health Heart Study has shown
the odds ratio for patients with AHI >11 of 1.27

Table 3 Multiple regression analysis showing factors
significantly affecting the outcome variables P-selectin
(P-SEL) and P-selectin glycoprotein ligand-1 (PSGL-1)

in the groups of patients with increasing severity of
obstructive sleep apnea (OSA)

Outcome variable OSA-0 OSA-1 OSA-2 OSA-3

P-SEL n/a n/a n/a p ¼ 0.0008 for
P-SEL and AHI
P-SEL and NREM2
P-SEL and NREM3
P-SEL and WBC
P-SEL and PSGL-1
(β ¼ 1.12; R2 ¼ 0.87)

PSGL-1 n/a n/a p ¼ 0.0004 for p < 0.0001 for
PSGL-1 and AHI PSGL-1 and AHI
(β ¼ 0.67, R2 ¼ 0.83) (β ¼ 0.42, R2 ¼ 0.95)
PSGL-1and Glu-0 PSGL-1 and Glu-120
PSGL-1 and T-C PSGL-1 and NREM3

PSGL-1 and WBC

AHI apnea-hypopnea index, NREM non-REM sleep stage, WCB white blood cell count, Glu-0 fasting blood glucose
level, Glu-120 blood glucose level at 120 min of oral glucose tolerance test, T-C total cholesterol, β standardized
coefficient indicating the strength of the independent influence of a predictor variable on the outcome variable, R2

coefficient describing the percentage of linear changes of an outcome variable by linear changes of a predictor variable, n/
a non-applicable, i.e., no variable was related to either P-SEL or PSGL-1
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for coronary artery disease and 1.58 for stoke (Lui
and Sau-Man 2012). McNicholas and Bonsigore
(2007) consider OSA as an independent risk fac-
tor of cardiovascular events and show that CPAP
therapy reduces this risk. There also are a lot of
data concerning the impact of OSA on stroke.
Redline et al. (2010) in a study in about 5,500
patients have shown an association between OSA
and ischemic stroke, with the adjusted hazard
ratio of up to 2.86 in men. Those authors have
also observed a risk of stroke in women with AHI
>25, the risk increasing by 6% with each unit of
AHI increase from 5 to 25. Similar findings have
been reported in other studies (Sharma and
Culebras 2016; Yaggi et al. 2005).

We conclude that in nondiabetic obstructive
sleep apnea patients, moderate and severe stage
of the disease enhances the blood content of the
adhesion molecules P-selectin and P-selectin gly-
coprotein ligand-1 in the disease severity-
dependent manner as assessed from the magni-
tude of the apnea-hypopnea index. The increase
in the content of adhesion molecules in OSA is
liable to be conducive to enhance propensity for
arteriosclerosis and consequently cardiovascular
morbidity and mortality of the disease.
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