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ORIGINAL ARTICLE

A sleep apnoea questionnaire predicts organ damage in
hypertensive patients

Valeria Bisognia,b, Martino F. Pengoc, Giuseppe Maiolinoa, Maurizio Cesaria, Silvia Lercoa,
Giacomo Rossittoa, Antonio Concistr�eb, Luigi Petramalab, Claudio Letiziab, Teresa Maria Secciaa and
Gian Paolo Rossia

aClinica dell’Ipertensione Arteriosa, Department of Medicine – DIMED, University of Padua, Italy;bDepartment of Translational and
Precision Medicine, Unit of Secondary Arterial Hypertension, "Sapienza" University of Rome, Italy;cSleep Disorder Centre, Department
of Cardiovascular, Neural and Metabolic Sciences, IRCCS Istituto Auxologico Italiano, Milan, Italy

ABSTRACT
Background: Arterial hypertension is associated with obstructive sleep apnoea, poor quality and
duration of sleep, which might contribute to hypertension-mediated organ damage.
Methods: We investigated the presence of insomnia, restless legs syndrome, and obstructive
sleep apnoea using validated questionnaires (Insomnia Severity Index, Restless Legs Syndrome
Rating Scale, and STOP-Bang), and their relationship with hypertension-mediated organ damage,
in hypertensive patients.
Results: In 159 consecutive consenting hypertensive patients [age 47(11) years, median and
(interquartile range), body mass index 25.5(5.9) kg/m2, office systolic and diastolic blood pres-
sure 144(23)/92(12) mmHg], the STOP-Bang, but not the other scores, predicted cardiac remod-
elling: compared to patients with a STOP-Bang score < 3, those at high risk of obstructive sleep
apnoea showed higher left ventricular mass index [49.8(11.9) vs. 43.3(11.9) g/m2.7, p< 0.0001],
left atrium volume [25.7(2.5) vs. 25.0(2.8) ml/m2, p¼ 0.003], and aortic root diameter [33.6(3.0)
vs. 33.0(3.7) mm, p< 0.0001]. They did not differ for microalbuminuria and estimated glomerular
filtration rate. At multivariate analysis, after adjustment for office systolic blood pressure values,
the STOP-Bang score remained a predictor of left ventricular mass index; while the Insomnia
Severity Index and restless legs syndrome risk score had no predictive value. However, a signifi-
cant interaction between STOP-Bang and Restless Legs Syndrome Rating Scale scores in deter-
mining left ventricular remodelling was found.
Conclusions: In consecutive hypertensive stage I patients the STOP-Bang questionnaire allowed
identification of a high-risk cohort featuring a more prominent cardiac damage. Hence, this inex-
pensive tool can be useful for risk stratification purposes in municipalities with limited access to
health care resources.
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Introduction

Arterial hypertension (HT), the most common cardio-
vascular (CV) risk factor worldwide, caused 10�4 mil-
lion deaths and up to 54% of all strokes and 49% of
cardiac attacks only in 2013 [1]. In hypertensive
patients the onset of CV events is preceded by a long
asymptomatic phase during which hypertension-
mediated organ damage (HMOD) develops. Hence, as
identification of subclinical HMOD is useful for risk
stratification purposes [2], available guidelines recom-
mend the systematic assessment of subclinical HMOD
[3,4]. In clinical practice glomerular filtration rate
(GFR) [5], 24-hour urinary albumin excretion (UAE)
[6], and left ventricular mass index (LVMI), which

were shown to predict CV events in all ethnic groups
of hypertensive patients [6], are, therefore, meas-
ured [2,3,7].

In hypertensive patients chronic sleep deprivation
and decreased sleep quality are emerging health prob-
lems [7], which might contribute to worsening to HT
and its complications [7,8]. The three most common
sleep disorders in adults entail insomnia, restless legs
syndrome (RLS), and obstructive sleep apnoea (OSA)
[7]. Insomnia has a prevalence in the general popula-
tion of 5 – 15% [9]; furthermore, it raises by 4-fold
the risk of developing HT and CV complications, in
particular if associated with short sleep duration (< 4
– 6 hours of sleep per night) and hyperarousals [7,10].
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The RLS (Willis–Ekbom Disease), a common (5 –
9%) sensorimotor disorder associated with HT, espe-
cially in women and in chronic kidney disease and/or
diabetes mellitus patients, also impairs sleep quality
[11,12], and might contribute to CV diseases, particu-
larly when related to periodic limb move-
ments [11,12].

Accumulating evidences also suggest an association
of OSA and HT, CV events, and metabolic dysfunc-
tion exists [13,14]. This is most relevant in that mod-
erate-to-severe OSA (apnoea/hypopnea index - AHI�
15 events per hour) involves up to 30% of patients
with HT [15]. The apnoeic events occurring in night-
time are held to trigger sympathetic bursts that affect
heart and vessels [16], which might explain why mod-
erate-to-severe OSA patients develop more concentric
left ventricular hypertrophy (LVH) [16–18] and renal
damage than non OSA or mild OSA hypertensive
patients [19]. Moreover, effective treatment of OSA
with continuous positive airway pressure (CPAP) was
reported to lower blood pressure (BP), and to regress
concentric LVH in patients with HT and recurrent
atrial fibrillation [20,21].

As insomnia, OSA, and RLS often co-exist in indi-
vidual patients [7], but their association and inter-
action with HMOD is unknown, we set out this study
to prospectively investigate the hypothesis that these
sleep disorders, as ascertained by means of self-
reported validated questionnaires, can allow identifi-
cation of hypertensive patients with higher risk of car-
rying HMOD.

Materials and methods

We consecutively recruited hypertensive patients of both
gender, referred to our ESH Excellence Hypertension
Centre of University of Padua, Italy, following the flow-
chart shown in Figure S1 of Supplemental Data. The
diagnosis of HT was made in patients with a previous
diagnosis of HT on treatment with antihypertensive
drugs, and/or if systolic BP (SBP) was � 140mmHg
and diastolic BP (DBP)� 90mmHg [3] at three con-
secutive measurements taken 5minutes apart by the
same investigator. Office BP was measured with an
automated device following the ESC/ESH guidelines [3].
Exclusion criteria were: (i) known/treated sleep disor-
ders, (ii) night shift workers, (iii) treatment with drugs
influencing central nervous system, (iv) alcohol and/or
drugs abuse, (v) pregnancy.

After the baseline clinical assessment, which
included past medical history, current treatment, and
detailed information about CV risk (i.e. smoking,

body mass index – BMI, etc.), all subjects underwent
physical examination, biochemical evaluation, includ-
ing serum creatinine and estimated GFR (eGFR by
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [22]), and screening for second-
ary forms of HT as reported [3].

Questionnaires

After signing an informed consent, all patients were
administered validated questionnaires to evaluate the
risk of insomnia, OSA, and RLS (please see
Supplemental Data for details). The Insomnia Severity
Index (ISI), was scored as follows: absence of insom-
nia (0 – 7); sub-threshold insomnia (8 – 14); moder-
ate insomnia (15 – 21); and severe insomnia (22 –
28) [23].

The Snoring Tiredness Observed apnoea high BP -
BMI Age Neck circumference Gender (STOP-Bang)
score estimates the risk of OSA and ranges from 0
to 8 [24]. We use the STOP-Bang score with a
cut-off� 3 instead of a newer score [25], because it
was the only one validated at the time when our
study was conceived and submitted to Ethical
Committee. With a cut-off score� 3, in fact, this
questionnaire demonstrated a sensitivity of 84% in
detecting any sleep apnoea (AHI> 5 events/h), of
93% in moderate-to-severe form (AHI> 15 events/h),
and 100% sensitivity for severe sleep apnoea (AHI>
30 events/h) [24].

Moreover, compared with other sleep apnoea
screening questionnaires, as the Berlin questionnaire
[26] and OSA50 [27], the STOP-Bang showed the
best likelihood negative ratio for the prediction of
OSA in obese patients [28], indicating that it repre-
sents a simple, effective, and reliable screening tool
for diagnosing and treating previously unrecog-
nized OSA.

To assess RLS severity we used the RLS Rating
Scale, which rules out RLS if the score is 0 [29].

Finally, to evaluate the impact of sleep disorders
on excessive daytime sleepiness, we used the Epworth
Sleepiness Scale (ESS), where a score� 10 indicates
high risk of sleepiness [30].

Echocardiography

M-mode and 2D echocardiography (Vivid 7 ProVR ,
General Electric) was performed following available
guidelines as reported in detail [31] and summarised
in the Supplemental Data.
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GFR and UAE rate

GFR was measured by using the CKD-EPI equation,
which takes into consideration serum creatinine, age,
gender, race, and body surface area [22]: estimated GFR
(mL/min/1.73m2)¼ 141�min(SCr/j, 1)a�max(SCr/
j, 1)�1.209� 0.993Age� 1.018 [if female]� 1.159 [if
Black] [22].

Urinary albumin and creatinine excretion
was measured with commercially available radio-
immunoassay (H ALB kit-double antibody; Sclavo SpA)
or immunoturbidimetry assay kit (Sera-Pak, Bayer).
UAE rate was analysed as milligrams� 24hours�1 and
also after normalization for milligrams of urinary cre-
atinine. The normal range of UAE rate was <

30mg� g�1 of creatinine (or < 30mg� 24hours�1).

Statistical analysis

For descriptive purposes continuous variables were
expressed as mean and standard deviation (SD) (or
SEM), or median and interquartile range (IQR), as
appropriate. Before statistical analysis, variables that
showed a non-Gaussian distribution at Kolmogorov-
Smirnov test were transformed to achieve a normal dis-
tribution; if a normal distribution could not be achieved,
they were analysed by non-parametric tests. Continuous
variables were compared between different subgroups
(STOP-Bang < 3 vs. STOP-Bang� 3, ISI < 8 vs.
ISI� 8, and RLS Rating Scale¼ 0 vs.� 1) by the
Student’s t-test, or Mann-Whitney test. Categorical varia-
bles were compared with Fisher and chi square tests.
The Fisher’s Least Significant Difference Post-Hoc test
was used to detect differences between groups when
ANOVA showed significant differences across them.
Linear regression models and multivariate analysis were
performed to determine the combined effect of several
variables on HMOD markers. A further multiple regres-
sion model was undertaken to investigate a possible
interaction between STOP-Bang and RLS Rating Scale
score on LVMI. To avoid issues of collinearity, we calcu-
lated the centered mean value of both STOP-Bang and
RLS Rating Scale and then subtracted it from the abso-
lute values of the scores. An interaction term was calcu-
lated by multiplying the mean-subtracted STOP-Bang
and RLS Rating Scale values. This interaction term was
entered in the regression model (please see Supplemental
Data for the SPSS Syntax algorithm, Figure S2).

Statistical analysis was performed using SPSS soft-
ware (version 24 for Mac; IBMVR , SPSSVR Statistics,
Italy) and GraphPad Prism software (version 8.0,
GraphPadVR Software Inc, San Diego, CA, USA).
Significance was set at P< 0.05.

Results

Anthropometric, biochemical, and
echocardiographic features

We recruited 159 consecutive referred hypertensive
patients [(98 men, 61 women, age 47 (11) years, median
and (IQR)]. A thorough diagnostic work-up performed
after washout from drugs affecting plasma aldosterone
concentration and active renin, allowed to conclusively
rule out secondary forms of HT in 105 patients (65.4%),
who were therefore considered to have primary (essen-
tial) HT; secondary forms of hypertension were found in
34.6%, mostly (25.6%) primary aldosteronism. Tables 1
and 2 show the main features of these patients, including
echocardiographic and Doppler characteristics. A STOP-
Bang score� 3 was found in 52.8% of the patients,
mostly men. 21.1% of these patients had primary aldos-
teronism; an ISI score� 8 was observed in 30.2% with
no between-sexes differences; 56% of patients showed an
RLS Rating Scale> 0 (34% females) (Figure 1).

Table 1. Baseline demographic and anthropometric data.
Baseline characteristics Total (n5 159)

Age (years) 47 (11)
Males/females (%) 61.6/38.4
BMI (kg/m2) 25.5 (5.9)
Neck circumference (cm) (%):
�40 30.9
<40 69.1

Office systolic BP (mmHg) 144 (23)
Office diastolic BP (mmHg) 92 (12)
Coffee consumption (%):
>2 cups per day 24.4
�2 cups per day 75.6

Cigarettes smoking (%):
yes 19.4
no 54.4
ex-smokers 13.8
n.a. 12.5

Alcohol consumption (%):
>2 glasses per day 15.0
�2 glasses per day 73.1
n.a. 11.9

Comorbidities (%):
Coronary artery disease 1.4
Atrial fibrillation (history or current) 1.4
Cerebrovascular accidents 2.0
Diabetes mellitus 4.1
Chronic kidney disease

(eGFR CKD EPI <60ml/min/1.73m2)
9.7

Type of hypertension (%):
Primary (or essential) hypertension 65.4
Secondary hypertension 34.6
Primary aldosteronism 25.6
Secondary aldosteronism

(renovascular hypertension, reninoma)
5.6

Others 3.4
Antihypertensive treatment, No. drugs 1 (1)
Questionnaires Total (n5 159)
Epworth Sleepiness Scale 5 (4)
STOP-Bang 3 (2)
Insomnia Severity Index 7 (7)
Restless Legs Syndrome Rating Scale 4 (7)

Data expressed by median (and IQR) unless otherwise specified.
BMI: body mass index; BP: blood pressure; eGFR: estimated glomerular fil-
tration rate.
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Compared to patients with a STOP-Bang score <

3, those with an OSA� 3, i.e. at high risk of OSA,
were older, overweight, and required more antihyper-
tensive drugs to achieve BP target values. They also
showed higher aldosterone/renin ratio (ARR) and salt
intake (Table 3).

All subgroups showed a normal renal function,
but, serum creatinine levels were higher in the high
compared to the low STOP-Bang score patients [78
(16) vs. 74 (21) lmol/l, p¼ 0.03], and in the high
STOP-Bang than in the high ISI score [78 (16) vs. 73
(20) lmol/l, p¼ 0.03]. At variance, eGFR and UAE
did not differ significantly across subgroups (Table 3).

The 24-hour urinary excretion of free catecholamines
(norepinephrine and epinephrine) and their metabolites
(normetanephrine and metanephrine), a proxy of sympa-
thetic nervous system (SNS) activity, showed an increased
norepinephrine excretion [375 (270) vs. 326 (210) mmol/
24h, p¼ 0.018] in high vs. low OSA risk (STOP-
Bang� 3 vs. < 3) (Table S2 – Supplemental Data). No
such differences were seen between subgroups of patients
split according to ISI (8� vs. < 8) and RLS Rating Scale
scores (� 1 vs. 0). By examining the impact of sleep dis-
orders on excessive daytime sleepiness we discovered that
any subgroup of patients had ESS pathological score (�
10) (Supplemental Data, Table S3).

Relationships between hypertensive-mediated
organ damage and STOP-Bang score

A multivariate scatter plot exploratory analysis
showed a direct correlation of LVMI with the
STOP-Bang, but not with the other sleep disorders
scores, which was confirmed at bivariate scatterplot

and correlation analysis of the STOP-Bang score with
LVMI (r¼ 0.37, p< 0.0001) (Figure 2), left atrium
(LA) size (LA volume index – LAVI) (r¼ 0.22,
p¼ 0.004), aortic root dimension (r¼ 0.36,
p< 0.0001), E/e’ (r¼ 0.27, p< 0.0001), and E/A ratio
(r¼�0.22, p¼ 0.005).

Thus, patients with high OSA risk score showed
higher LVMI values (Figure 3) than those with low
OSA risk score and also than patients with RLS
Rating Scale� 1. Only a trend toward a higher rate of
LVH (59.5% vs. 53.3%, p¼ 0.25) in high vs. low
STOP-Bang score patients was seen. A sensitivity ana-
lysis performed by gender, using the gender-specific
LVMI cut-offs recommended by the last ESC/ESH
hypertension guidelines [3] confirmed these findings
(Figure 4).

Noteworthy, compared to the low STOP-Bang
score group, the high OSA risk patients also demon-
strated higher LAVI [25.7 (2.5) vs. 25.0 (2.8) ml/m2,
p¼ 0.003] and aortic root dimension [33.6 (3.0) vs.
33.0 (3.7) mm, p< 0.0001]. These findings were con-
firmed at sensitivity sub-analyses, considering essen-
tial hypertensive patients and the secondary forms of
hypertension, mainly represented by primary aldoster-
onism (Table 4).

On a multivariate analysis, the strongest predictors
of LVMI were the STOP-Bang score and office SBP, a
finding confirmed at a further sensitivity analysis of
the cohorts of patients with primary (b¼ 0.254,
p¼ 0.007) and secondary HT (b¼ 0.462, p¼ 0.005).
The STOP-Bang score was associated also with aortic
root diameter, independently from age, office SBP and
DBP values (b¼ 0.44, p¼ 0.012). Moreover, a further
multivariate regression analysis allowed identification
of a significant interaction between STOP-Bang and
RLS Rating Scale scores on determining LVMI values
(Supplemental Data). Of note, the correlation coeffi-
cients showed a positive value for centered STOP-Bang
(b¼ 0.296, p< 0.0001) and a negative value for the
associated variable between STOP-Bang and RLS
Rating Scale (b¼�0.184, p¼ 0.012), indicating that
the latter is a modulator of the effect of high OSA risk
patients on LVMI (Table 5).

Relationships between hypertensive-mediated
organ damage, ISI, and RLS Rating Scale

By similar approaches we could find no evidence for
a relationship between HMOD markers and high
scores at the ISI and RLS Rating Scale question-
naires at bivariate scatterplot and correlation ana-
lysis, and by comparing patients with high vs. low

Table 2. Baseline biochemical and echocardiographic data.

Main biochemical characteristics
Total

(n5 159)

Serum Creatinine (lmol/l) 77.1 (19.0)
eGFR (CKD EPI) (ml/min/1.73m2) 108 (20)
Urinary albumin excretion (mg/24h) 11.6 (23.9)
Urinary Naþ (mmol/24h) 155 (90)
Main echocardiographic and Doppler variables
Left ventricular mass index (g/m2.7) 48 (12)
Males 49 (13)
Females 45 (13)

End-diastolic interventricular septum thickness (mm) 11 (3)
End-diastolic LV posterior wall thickness (mm) 11 (2)
Left ventricular end-diastolic volume (ml/m2) 58 (12)
Left atrial volume index (ml/m2) 26 (3)
Aortic root diameter (mm) 34 (3)
Left ventricular relative wall thickness 0.47 (0.07)
Early/late diastolic LV filling wave velocity (E/A) ratio 1.13 (0.28)
Peak early diastolic mitral inflow/annular velocity (E/e’) ratio 9.1 (1.8)
Left ventricular hypertrophy (LVH) (%): 56.6
concentric LVH 49.1
eccentric LVH 7.5

Data expressed by median (and IQR) unless otherwise specified.
eGFR: estimated glomerular filtration rate.
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risk of RLS, e.g. an RLS Rating Scale score� 1 and
insomnia (ISI score� 8). To further challenge these
findings, we performed a sensitivity analysis using
higher cut-off scores, defining a mild form of dis-
ease, for both the questionnaires (ISI> 14 and RLS
Rating Scale> 10). This confirmed the lack of differ-
ences in the anthropometric, clinical data, and
comorbidities between groups, with the exception of
a higher eGFR and a lower UAE in those with an
ISI � 14 vs. those with ISI> 14 (Supplemental Data,

Table S4), indicating a better renal function in
patients with low insomnia score. Also for the sub-
group with RLS Rating Scale � 10 the UAE was
lower compared to patients with RLS Rating Scale>
10 (Supplemental Data, Table S4). The latter differ-
ence waned when serum creatinine-adjusted UAE
was examined [32].

Finally, to address the question if the subgroup
with concurrent high risk of OSA, insomnia, and RLS
could show distinctive features in terms of HMOD,

Figure 1. Prevalence of pathological score at the administered questionnaires in our population. ISI: Insomnia Severity Index; RLS:
restless legs syndrome.
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we examined the cohort with the highest (patho-
logical) scores in all 3 questionnaires (STOP-Bang� 3
plus RLS Rating Scale score� 1 plus ISI� 8), which
entailed only 18 (11.3%) of our patients. Of interest,

patients in this subgroup were older [50 (6) vs. 46
(11) years, p¼ 0.01], and heavier [BMI 28.5 (7.9) vs.
24.9 (5.8) kg/m2, p¼ 0.005], and showed higher
LVMI [52.7 (11.0) vs. 46.9 (11.6) g/m2.7, p¼ 0.004],

Table 3. Demographic and biochemical data in the subgroups with and without high risk of OSA, insomnia, and RLS, based on
the relative questionnaire scores.

STOP-Bang ISI RLS Rating Scale

�3
(n¼ 84)

<3
(n¼ 75) P

�8
(n¼ 48)

<8
(n¼ 111) P

�1
(n¼ 89)

0
(n¼ 70) P

Age (years) 49 (10)§ 45 (12) 0.001 48 (10) 46 (11) ns 46 (11) 48 (13) ns
BMI (Kg/m2) 27.4 (7.0) 23.7 (4.8) 0.0001 25.7 (6.7) 25.4 (5.8) ns 26.1 (5.7) 24.9 (5.7) ns
Smokersþ ex-smokers (%) 28 24 ns 15 37 ns 30 23 ns
Coffee consumption >2 cups

per die (%)
15 13 0.05 19 20 ns 16 13 ns

Alcohol consumption >2
glasses per die (%)

13 11 ns 17 17 ns 14 10 ns

Office SBP (mmHg) 144 (23) 144 (23) ns 143 (24) 144 (22) ns 146 (23) 142 (18) ns
Office DBP (mmHg) 92 (12) 92 (15) ns 93 (12) 92 (14) ns 94 (12) 90 (15) 0.03
Antihypertensive No. drugs 1 (1) 1 (1) 0.005 1 (1) 1 (1) ns 1 (1) 1 (1) ns
Comorbidities (%):
CAD 1.1 0.9 ns 0.6 1.4 ns 1.1 0.9 Ns
AF (history or current) 1.1 0.9 ns 0.6 1.4 ns 1.2 0.8 Ns
Cerebrovascular accidents 1.6 1.4 ns 0.9 2.1 ns 1.7 1.3 Ns
Diabetes mellitus 2.7 2.3 ns 1.8 2.2 ns 3.4 2.6 Ns

PAC (ng/dl) 9.4 (4.4) 7.4 (5.8) ns 9.1 (5.6) 8.4 (5.1) ns 8.8 (5.2) 8.4 (5.2) ns
DRC (mU/l) 8.0 (14.8) 10.0 (13.8) ns 10.0 (19.4) 8.7 (12.2) ns 10.0 (17.4) 8.3 (13.2) ns
ARR (ng/dl/lU/ml) 1.2 (2.5)† 0.7 (1.8) 0.02 0.8 (2.6) 0.9 (2.1) ns 0.8 (1.6) 1.0 (2.9) ns
serum creatinine (lmol/l) 78 (16)� 74 (21) 0.03 73 (20) 77 (17) ns 77 (18) 77 (22) ns
eGFR CKD EPI (mL/

min/1.73m2)
109 (24) 107 (19) ns 105 (25) 109 (20) ns 107 (20) 109 (20) ns

UAE (mg/24h) 9.9 (24.6) 12.5 (23.8) ns 12.5 (24.2) 11.4 (17.3) ns 12.5 (23.7) 9.9 (13.2) ns
Urinary Naþ (mmol/24h) 170 (112)# 140 (64) 0.001 135 (84) 165 (88) 0.022 151 (100) 158 (82) ns

ISI: insomnia severity index; RLS: restless legs syndrome; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; CAD: coronary
artery diseases; AF: atrial fibrillation; PAC: plasma aldosterone concentration; DRC: direct renin concentration; eGFR CKD EPI: estimated glomerular filtra-
tion rate; UAE: 24h urinary albumin excretion.
Data expressed by median (and IQR).
§p¼ 0.01 vs. RLS Rating Scale �1.
†p¼ 0.032 vs. RLS Rating Scale �1.�p¼ 0.03 vs. ISI �8.
#p< 0.01 vs. ISI �8 and RLS Rating Scale �1.

Figure 2. Bivariate analysis using scatter plot and Pearson’s correlation test to assess the correlation between STOP-Bang score
and left ventricular mass index (LVMI).
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and increased LAVI [26.4 (3.2) vs. 25.7 (4.0)
mm, p¼ 0.046].

Discussion

By investigating, prospectively, the prevalence of the
three most common disorders of sleep by means of
simple validated and reproducible questionnaires, we
found that they were frequent in patients referred to
a tertiary centre for hypertension: 18.9% had both
OSA and insomnia, 28.9% a high risk of OSA and
RLS, while fewer patients (11.3%) had high scores for
all three sleep disorders (Figure 1). These question-
naires are simple, inexpensive, fast, and easy to imple-
ment for routine clinical use. Hence, we would like to
contend that investigation of sleep disorders with vali-
dated questionnaires should become part of the clin-
ical work-up of patients with HT, at least in the
selected cohort of patients referred to specialised
HT centres.

The present discovery that such disorders have an
impact on the clinical management of these patients
supports this contention for the following reasons.
When compared to the subgroup of patients with a
low risk of OSA, those at increased risk (STOP-Bang
score� 3) exhibited more hypertension-related
cardiac damage, including increased LVMI, left
atrium dilatation, and aortic root enlargement (Figure
3). Increased sympathetic activity, activation of the

renin-angiotensin-aldosterone system, endothelial dys-
function, systemic inflammation, oxidative stress, and
metabolic abnormalities are putative mechanisms that
can explain OSA-related cardiac hypertrophy and
fibrosis, altering the lusitropic properties of the LV,
causing atrial dilatation, and ultimately impairing LV
diastolic and systolic function [16–18,33]. Moreover,
these changes can explain the well-documented
increased risk of atrial fibrillation in OSA
patients [34].

It is worth noting that the STOP-Bang question-
naire predicted LVMI independently of age and
plasma aldosterone in our cohort, suggesting that this
questionnaire can be useful for risk stratification pur-
poses. The finding of a significant interaction between
patients with higher risk of OSA and RLS, with an
opposite relationship with LVMI, is a further novel
result of this study (Supplemental Data). This model
suggests that, while OSA contributes to LVMI dam-
age, RLS might have a modulator or protective effect,
whose nature deserves specific further researches.

Currently, the reference standard for diagnosing
OSA is an overnight polysomnography [35], a time-
consuming and costly procedure, whose availability is
being even further restricted in most municipalities,

Figure 3. The bar graph shows the left ventricular mass index
(LVMI, g/m2.7) in the different subgroups obtained from the
three questionnaires scores. Figure 4. The bar graph shows the left ventricular mass index

(LVMI) in patients with low risk of OSA (STOP-Bang < 3) com-
pared with high risk (STOP-Bang � 3) divided by gender
(number of men = 31 vs. 67, number of women 44 vs. 17,
respectively). The continuous line indicates the normal value of
LVMI in males (< 50 g/m2.7); the dashed line the normal value
of LVMI in females (< 47 g/m2.7).
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because of an exponentially increased demand owing
to the growing awareness of OSA and to the need of
sleep medicine specialists. These factors may preclude
a prompt diagnosis and an early treatment of OSA in
the majority of the patients who need it. It is there-
fore important to underline that a simple, validated
[24] questionnaire for determining the risk of OSA
was found to allow identification of cardiac damage
in a sizable cohort of our referred consecutive hyper-
tensive patients. This questionnaire, which has been
proven to be accurate for the screening of OSA
patients [36], could, therefore, be useful for CV risk
stratification purposes to pinpoint which hypertensive
patients are more likely to have adverse cardiac
remodelling and CV consequences.

At variance with the STOP-Bang, we found no evi-
dence of an association of HMOD with insomnia
and/or RLS questionnaires, a negative finding possibly
due to the small sample size of our cohort and/or to
the fact that these two sleep disorders have a less
impact than OSA on BP values and HT-related target
organ damage. Further, larger studies using wider
sample size, more accurate information on the true
sleep hours, and a more precise assessment of BP and
on the dipping profile by means of 24-hour

ambulatory BP monitoring are, however, necessary
before insomnia and RLS questionnaires can be dis-
missed as valuable tools to detect HMOD in hyper-
tensive patients [3]. Unfortunately, we could perform
the 24-hour ambulatory BP monitoring in a number
of patients too small to furnish solid information on
the role of circadian variation of BP.

As regards renal-hypertensive damage, we found
no statistically significant differences between
patients with high risk of OSA compared with low
risk subgroup, although a signal for a better renal
function in those with less insomnia was detected in
a sensitivity analysis using a more restrictive cut-off
for the insomnia score. Overall, these negative find-
ings could be due to (i) the relative young popula-
tion examined, (ii) the mild degree of BP elevation
(grade I according to guidelines [3]); (iii) the
absence of malignant HT, and (iv) the longer time
period for renal damage to develop as compared to
cardiac remodelling [37].

Notably, we found higher ARR values in high-
than in low-risk OSA group, which could be mechan-
istically relevant inasmuch as aldosterone is impli-
cated in the onset of HMOD [38,39]. Aldosterone can
worsen OSA by promoting fluid accumulation, which

Table 4. Main results from analysis for type of hypertension.
Essential hypertension

(n¼ 105)
Secondary hypertension

(n¼ 54)

STOP-Bang �3
(n¼ 56)

STOP-Bang <3
(n¼ 49) P

STOP-Bang �3
(n¼ 28)

STOP-Bang <3
(n¼ 26) P

Age (years) 48 (11) 44 (12) 0.002 49 (13) 46 (13) ns
BMI (Kg/m2) 27.7 (7.2) 23.8 (5.3) 0.0001 27.1 (4.9) 22.9 (5.4) 0.003
Office SBP (mmHg) 144 (24) 143 (22) ns 145 (21) 150 (26) ns
Office DBP (mmHg) 92 (12) 91 (14) ns 94 (19) 94 (16) ns
Antihypertensive No. drugs 1 (1) 1 (0) 0.008 1 (1) 1 (3) ns
Serum creatinine (lmol/l) 79 (17) 74 (23) ns 74 (16) 72 (18) ns
eGFR (mL/min/1.73m2) 108 (20) 108 (18) ns 106 (35) 106 (18) ns
UAE (mg/24h) 10.5 (25.0) 12.0 (22.6) ns 8.7 (8.1) 13.1 (23.0) ns
Urinary Naþ (mmol/24h) 172 (111) 142 (62) 0.002 156 (101) 139 (77) ns
Urinary Epinephrine excretion (mmol/24h) 36 (31) 34 (37) ns 36 (32) 18 (24) 0.022
Left ventricular mass index (g/m2.7) 48.8 (11.3) 43.3 (10.5) 0.005 52.5 (13.4)� 43.1 (14.2) 0.001
Left atrial volume index (ml/m2) 25.7 (4.8) 25.6 (2.9) ns 27.0 (4.6) 25.5 (4.1) 0.005
Aortic root diameter (mm) 33.6 (2.0) 32.7 (3.7) 0.04 34.5 (2.3) 33.0 (3.5) 0.002

Data expressed by median (and IQR).
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate (CDK-EPI); UAE: 24h urinary
albumin excretion.�p¼ 0.05.

Table 5. Multiple regression analysis.

Standardized Coefficients
p

95.0% Confidence Interval
Collinearity
Statistics

b Lower Bound Upper Bound Tolerance VIF

Age 0.132 0.079 �0.019 0.349 0.912 1.096
Systolic blood pressure 0.136 0.063 �0.005 0.181 0.962 1.040
Centered STOP-bang and RLS Rating Scale score �0.184 0.012 �0.414 �0.053 0.979 1.021
Centered STOP-bang 0.296 < 0.0001 1.051 3.149 0.905 1.104

The multiple regression analysis was obtained using left ventricular mass index (LVMI) as dependent variable. The backward model excluded the follow-
ing variables: body mass index, 24-h urinary Naþ, plasma aldosterone concentration, and the centered RLS Rating Scale score.
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in the supine position shifts to the neck, thus contri-
buting to increased upper airway resistance [40].

Additionally, our patients with STOP-Bang score �
3 exhibited significantly higher 24-hour urinary nor-
epinephrine excretion than those with high scores at
the ISI questionnaire (Supplemental Data, Table S1),
a finding consistent with the views that an altered
autonomic nervous system drive is a feature of OSA
[41]. Recurrent episodes of partial and/or total airway
collapse cause an increased SNS activity in OSA
patients; moreover, treatment with CPAP effectively
reduced this SNS overactivation [42].

Considering the role of neurohormonal factors in
cardiac remodelling, we would like to contend that
the higher values of ARR, urinary norepinephrine
excretion, along with sodium intake as assessed by
24-hour urinary sodium excretion, can be proxies for
cardiac remodelling in high-risk of OSA patients. As
all available hypertension guidelines emphasise the
need for risk stratification of the patients [1–4] by
means of a complex and expensive work-up, we
would like to propose that the STOP-Bang question-
naire, a simple instrument that takes only few
minutes to be completed, can be used to select
patients with higher CV risk patients.

Limitations and strengths

Some limitations to be acknowledged, besides the
relatively limited sample size and the lack of 24-hour
ambulatory blood pressure, include the lack of (i)
data on sleep duration, which has been demonstrated
to correlate with insomnia and higher incidence of
hypertension when < 4 – 6 hours per night [10,43],
(ii) of a full-night polysomnography, which was per-
formed only in few patients because at the time when
data collection started we could not perform such
investigation systematically. Upon completion of this
pilot study we have started performing these investi-
gations in all patients with higher values of STOP-
Bang and found that this questionnaire accurately
identified the patients with severe OSA, in line with
the results of Gami et al. [34].

There are, however, major strengths to be under-
lined in this study, including its prospective design,
use of validated questionnaires to screen sleep disor-
ders and their consequences on daily activity and
sleepiness, a thorough hormonal assessment, the
measurement of sodium intake by a 24-hour urine
collection, and systematic adoption of transthoracic
echocardiography to assess cardiac remodelling.

Conclusions

In summary, we found that a STOP-Bang question-
naire score� 3, a cut-off with high sensitivity and
specificity, and recommended by the validation study
[24], was useful to identify hypertensive subjects with
higher risk of hypertensive-induced cardiac remodel-
ling. Moreover, the hypertensive patients with such
high scores showed inappropriately high levels of
ARR and urinary norepinephrine excretion in spite of
a higher sodium intake. The importance of this find-
ing relies in the fact that these patients might take
particular benefit from an aggressive treatment,
including target interventions, as lowering salt intake,
mineralocorticoid receptor antagonists and/or a- plus
b-adrenergic-receptor blockers. Therefore, the STOP-
Bang questionnaire can be used as a screening tool
for pinpointing hypertensive patients with a higher
likelihood of carrying cardiac target organ damage in
whom to concentrate a more intense diagnostic and
therapeutic intervention.
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