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Association between cardiovascular
mortality and STOP-Bang questionnaire
scores in a cohort of hospitalized patients: a
prospective study

Gabriel Valdivia'®, Alexia Schmidt'®, Bettina Schmidt'®, Francisca Rivera'®,
Aileen Onate?®, Camila Navarrete?®, Josue Campos'®, Gonzalo Labarca"?

-

ABSTRACT

Objective: Obstructive sleep apnea (OSA) is associated with an increased risk of
mortality and cardiometabolic diseases. The STOP-Bang questionnaire is a tool to screen
populations at risk of OSA and prioritize complementary studies. Our objective was to
evaluate the clinical utility of this questionnaire in identifying patients at an increased
risk of mortality after discharge in a cohort of hospitalized patients. Methods: This
was a prospective cohort study involving consecutive patients admitted to an internal
medicine unit between May and June of 2017 who were reevaluated three years after
discharge. At baseline, we collected data on comorbidities (hypertension, obesity,
diabetes, and fasting lipid profile) and calculated STOP-Bang scores, defining the risk of
OSA (0-2 score, norisk; > 3 score, risk of OSA; and > 5 score, risk of moderate-to-severe
OSA), which determined the study groups. We also recorded data regarding all-cause
and cardiovascular mortality at the end of the follow-up period. Results: The sample
comprised 435 patients. Of those, 352 (80.9%) and 182 (41.8%) had STOP-Bang scores
> 3 and > 5, respectively. When compared with the group with STOP-Bang scores of
0-2, the two groups showed higher prevalences of obesity, hypertension, diabetes,
and dyslipidemia. Multivariate analysis showed an independent association between
cardiovascular mortality and STOP-Bang score > 5 (adjusted hazard ratio = 3.12 [95% ClI,
1.39-7.03]; p = 0.01). Additionally, previous coronary heart disease was also associated
with cardiovascular mortality. Conclusions: In this cohort of hospitalized patients, STOP-
Bang scores > 5 were able to identify patients at an increased risk of cardiovascular
mortality three years after discharge.

. Facultad de Medicina, Universidad de
Concepcion, Los Angeles, Chile.

2. Facultad de Medicina, Universidad San
Sebastian, Los Angeles, Chile.

3. Division of Sleep and Circadian

Disorders, Brigham and Women's

Hospital and Harvard Medical School,

Boston (MA) USA.

Submitted: 2 February 2021.
Accepted: 9 June 2021.

Study carried out at the IRB Servicio de
Salud Bio-Bio, Los Angeles, Chile.

Keywords: Sleep Apnea, Obstructive; Risk assessment; Surveys and questionnaires;
Cardiovascular diseases/mortality.

INTRODUCTION moderate OSA (AHI between 15-29 events/h), and severe
OSA (AHI > 30 events/h).“> Discrimination between
mild OSA and moderate-to-severe OSA is relevant to
clinical practice. Moderate-to-severe OSA is associated
with an increased risk of hypertension, diabetes mellitus
(DM), dyslipidemia, obesity, and major cardiovascular
events—acute myocardial infarction (AMI), coronary
heart disease (CHD), stroke, atrial fibrillation (AF), and
cardiovascular mortality.(®

Obstructive sleep apnea (OSA) is a prevalent condition,
with an increased risk of cardiovascular complications.
This condition is prevalent and underdiagnosed in some
countries, mainly due to a lack of sleep study testing.
Previous studies report that 1 billion people are at risk
of OSA worldwide.*? In Chile, the population at risk of
OSA is 22%, and the risk of moderate-to-severe OSA
is about 9%.3 According to the American Academy

of Sleep Medicine, OSA can be diagnosed through
polysomnography or type III channel. The diagnosis
requires the presence of an abnormal apnea-hypopnea
index (AHI = 5 events/h), and the presence of at least
one of the following symptoms: sleepiness/fatigue,
sleep disturbed by gasping or choking, snoring or apnea
witnessed by a third party, or comorbidities such as
hypertension, coronary artery disease/stroke, heart
failure, diabetes, and mood changes. The diagnosis can
be directly made with an AHI > 15 events/h. Severity
ranges from mild OSA (AHI between 5-15 events/h),

Although sleep studies are scant in some countries,
different clinical questionnaires are available to identify
populations at risk of OSA. This approach is also useful to
define populations with an increased risk of cardiovascular
comorbidities, such as hospitalized patients. Moreover,
by means of these clinical predictor rules, clinicians can
also identify populations with a high pre-test probability
of OSA and, therefore, define the best cost-benefit
diagnostic study after discharge.

The STOP-Bang questionnaire is a useful clinical screening
tool for patients at risk of OSA (threshold score, > 3),
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and of moderate-to-severe OSA (threshold score, >
5). The sensitivity and specificity of this questionnaire
are 90% and 49%, respectively, using a cut-off score
> 3 to identify the risk of OSA. However, using a
cut-off score of > 5, the sensitivity and specificity to
identify the risk of moderate-to-severe OSA are 96%
and 25%, respectively. Given the excellent sensitivity,
the STOP-Bang questionnaire has been proposed as a
screening tool in different epidemiological studies.”®)

The combination of OSA and other significant
cardiovascular comorbidities included in the STOP-Bang
questionnaire suggests that it could help identify the
population with an increased risk of mortality in the
medium term, especially in hospitalized patients. The
objective of the present study was to evaluate the
association between the risk of OSA measured by the
STOP-Bang questionnaire and the risk of all-cause
and cardiovascular mortality in hospitalized patients.

METHODS

This was an observational, prospective cohort
study following current recommendations from the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement.® Between May
and June of 2017, we consecutively included patients
admitted to the internal medicine unit in one single
university health care center located in the city of Los
Angeles, Chile.

The included cohort was prospectively followed up by
June of 2020. Patients admitted for any medical reason
were screened for potential inclusion. We included
patients > 18 years of age who gave a written informed
consent. We excluded patients who were unable to
complete the questionnaire, those submitted to any type
of surgery during hospitalization, transferred to an ICU,
considered to be at the end of life due to any medical
comorbidity, or lost to follow-up. The study protocol
was approved by the Ethics Research Committee of the
IRB Servicio de Salud Bio-Bio (Protocol #25, August of
2017). The study was conducted in accordance with
the guidelines set forth in the Declaration of Helsinki
and good clinical practice.

Demographic data (gender, age [being elderly was
defined as being = 65 years of age]), as well as
smoking history, alcohol consumption, comorbidities at
baseline (arterial hypertension, DM, CHD, and stroke),
and current medications (lipid-lowering, antidiabetic,
antihypertensive, and anticoagulant medications),
were collected. Data about comorbidities and reason
for admission were retrieved by both self-report and
medical records.

Exposure was defined as the risk of OSA measured by
the STOP-Bang score at admission. The questionnaire
was evaluated according to a prior validation in the
population in Chile.® Sleep-related symptoms (snoring,
tiredness, and observed apnea) were recorded by either
self-report or partner response. Blood pressure was
measured with a standard mercury sphygmomanometer
on the left arm after 10 min of rest in accordance
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with the current guidelines of the American Heart
Association.(*? Weight and height were measured after
an overnight fast with patients wearing only underwear.
BMI was calculated as weight (kg)/height?(m?), and
neck circumference was measured using a plastic tape
meter at the cricoid level (Adam’s apple).

A venous blood sample was collected from all of the
patients within the first 48 h after admission. The sample
was obtained in the morning after an overnight fast. We
included a fasting lipid profile. Patients with an abnormal
lipid profile were classified according to the type of
dyslipidemia: LDL dyslipidemia; hypertriglyceridemia;
mixed dyslipidemia; and HDL dyslipidemia, in accordance
with current recommendations.*® Using the clinical
and laboratory data, we calculated the cardiovascular
risk using the American College of Cardiology/American
Heart Association Atherosclerotic Cardiovascular Disease
(ASCVD) risk score® at baseline in the population
between 34 to 79 years of age.

The primary outcome of the present study was the
risk of all-cause mortality after discharge in patients
with a STOP-Bang score = 3 and in those with a score
> 5. As a reference, both groups were compared with
patients with a STOP-Bang score between 0-2 after
follow-up. The secondary outcome was the risk of
cardiovascular mortality in the same groups. Mortality
data was obtained by the Servicio de Registro Civil e
Identificacion (www.registrocivil.cl) and categorized as
either all-cause mortality or cardiovascular mortality
in accordance with the International Classification
of Diseases, version 9 (ICD-9). Details regarding
cardiovascular mortality as defined in the present
study are available in Chart S1.

Individual data were included in a case report form
and transferred to an Excel spreadsheet. Continuous
data were reported as means and standard deviations;
categorical data were reported as frequencies. Intergroup
differences were evaluated using the Student’s t-test
for continuous data and using the chi-square test or
Fisher’s exact test for categorical data. Odds ratio and
respective 95% CIs were also reported.

The association between the groups and the primary
outcome was evaluated using Kaplan-Meier survival
analysis and the log-rank test (Mantel-Cox test).
The incidence ratio of mortality was evaluated using
an adjusted hazard ratio (HR) with Cox proportional
hazards regression. As covariables, we included
confounder variables related to an increased risk of
cardiovascular mortality not included in the STOP-Bang
questionnaire (dyslipidemia, smoking history, alcohol
consumption, previous CHD, ASCVD risk score, and
use of lipid-lowering, antidiabetic, antihypertensive,
and anticoagulant medications at baseline). The level
of significance was set at p < 0.05. Statistical analysis
was performed with the SPSS Statistics software
package, version 25.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A flow chart of the patient selection process is shown
in Figure 1. A total of 510 patients were screened, and
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435 were included in the study for further analysis. The
mean age of the cohort was 60.98 + 17.10 years, 199
(45.7%) of the patients were considered elderly, 233
(53.6%) were male, 352 (80.9%) had a STOP-Bang
score > 3, and 192 (44.1%) had a STOP-Bang score
> 5, The ASCVD risk scores regarding patients with a
STOP-Bang score of 0-2, = 3, and = 5, respectively,
were 10.1 £ 11.2%, 22.6 £ 16.3%, and 24.6 + 15.8%.
A summary of baseline characteristics and reasons for
admission is shown in Table S1.

A summary of clinical characteristics and differences
among the groups are shown in Table 1. The mean age
in the group with a STOP-Bang score > 3 (n = 352)
was 62.0 £ 16.5 years, 196 (55.7%) were male, and
the mean BMI was 33.9 £ 6.5 kg/m?. The prevalences
of hypertension, DM, and dyslipidemia were 73.3%,
43.8%, and 59.4%, respectively. Of the 209 patients
with dyslipidemia, 71 (34.0%) had hypertriglyceridemia,
60 (28.7%) had LDL dyslipidemia, and 78 (37.3%)
had mixed dyslipidemia. Cardiovascular reasons for
admission were heart failure, new-onset AF, unstable
angina, and AMI.

The mean age in the group with a STOP-Bang score
> 5 (n = 182) was 62.55 + 15.00, and the mean
BMI was 35.78 £ 6.9 kg/m?2. Of the 182 patients
in this group, the prevalence of hypertension, DM,
and dyslipidemia were 84.0%, 50.0%, and 59.3%,
respectively. Of the 108 patients with dyslipidemia,
37 (34.3%) had hypertriglyceridemia, 26 (24.1%)
had LDL dyslipidemia, and 45 (41.7%) had mixed
dyslipidemia. The reasons for hospitalization in this
group were heart failure, in 10.9%; new-onset AF, in
1.1%; unstable angina, in 13.7%; and AMI, in 37.9%.

In comparison with the control group (STOP-Bang
score of 0-2), those with a score of =2 3 and = 5
presented with a similar clinical profile, with no
statistically significant differences. A greater number of
patients in both study groups were elderly (p = 0.09)
and male (p = 0.01). In addition, the two study groups

Patients admitted to the
internal medicine unit
(N =720)

Screened
(n =510)

Excluded (n = 75)
« Incomplete data (n = 69)
« Lost to follow-up (n = 6)

Y

Y

Included in the study
(n = 435)

Figure 1. Flow chart of the patient selection process during
the study period.

showed greater prevalences of comorbidities (BMI > 35
kg/m?, hypertension, DM, and dyslipidemia; p < 0.01
for all). Although no differences were found regarding
cardiovascular events at admission between the control
and the study groups (Table 1), there was a significant
increased risk of both all-cause and cardiovascular
mortality (p = 0.04 and p = 0.01, respectively) in the
group with a STOP-Bang score > 5 (Table 2).

After 36 months of follow-up, 95 patients died,
cardiovascular events being the reason in 34. The
clinical characteristics of those who died or survived
are shown in Tables 3 and 4. In the unadjusted
analysis, a STOP-Bang score > 3 showed no significant
associations with all-cause mortality (HR = 1.36 [95%
CI, 0.77-2.36]; p = 0.28) or cardiovascular mortality
(HR =2.94 [95% CI, 0.88-9.78]; p = 0.07). However,
the adjusted analysis showed a significant association
with cardiovascular mortality (HR = 4.67 [95% CI,
1.27-17.08]; p = 0.02).

In the unadjusted analysis, a STOP-Bang score >
5 had no association with all-cause mortality (HR =
1.45 [95% CI, 0.96-2.20]; p = 0.17). However, the
adjusted analysis showed a significant association (HR
= 1.58 [95% CI, 1.01-2.48]; p = 0.04). Regarding
cardiovascular mortality, both unadjusted and adjusted
analyses showed significant associations with a STOP-
Bang score > 5: HR = 2.31 (95% CI, 1.13-4.70); p =
0.02; and HR = 3.12 (95% CI, 1.39-7.03); p = 0.01,
respectively (Table 2 and Figure 2). The summary of
the unadjusted and adjusted analyses is shown in
Table 2. In addition, previous CHD at baseline was
also associated with cardiovascular mortality in the
group with a STOP-Bang score = 5 (HR = 2.34 [95%
CI, 1.04-5.26]; p = 0.04).

DISCUSSION

The main findings of the present study were that
the STOP-Bang questionnaire was able to identify
cardiovascular risk in hospitalized patients up to 36
months of follow-up; that, after adjusted analyses, the
independent variables associated with a higher risk of
cardiovascular mortality were a STOP-Bang score > 3
and CHD at baseline; and that a STOP-Bang score >
5 was associated with a higher risk of all-cause and
cardiovascular mortality.

Hospitalized patients present with different levels of
risk than does the general population. In our study,
we hypothesized that the STOP-Bang questionnaire
could identify populations with an increased risk of
cardiovascular mortality to prioritize additional sleep
studies. Moreover, we found an increased prevalence
of patients at risk of OSA when we compared results
from previous hospital-based studies.(***> Sharma
et al.(*Y) reported a prevalence of OSA in 84% of
hospitalized obese patients (BMI = 30 kg/m?). Goring
& Collop™*? reported a prevalence of OSA diagnosed
by polysomnography of 77% in hospitalized patients.
Identifying hospitalized patients at risk of OSA is
an important issue, because they have response
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Table 1. Clinical characteristics of the patients included in the study according to STOP-Bang scores (N = 435).2
STOP-Bang score

Characteristic

Age, years 56.61 + 18.74 62.01 + 16.57 62.55 + 15.04 0.01
Age > 65 years 38.5% 47.4% 65.1% 0.12
Male 44.57% 55.68% 60.43% 0.01
BMI, kg/m? 30.72 £ 5.73 33.93£6.58 35.78 £ 6.96 <0.01
BMI > 35 kg/m? 9.4% 12.5% 14.1% <0.01
ASCVD, % 10.1 £ 11.2 22.6 +16.3 24.6 + 15.8 <0.01
Former/current smoking 38.4% 52.3% 59.1% <0.01
Hypertension 19.2% 73.2% 84.0% <0.01
Diabetes mellitus 14.4% 43.7% 50.0% <0.01
Dyslipidemia 37.3% 59.3% 59.3% 0.01

Hypertriglyceridemia 41.9% 33.9% 34.3%

High LDL 38.7% 28.7% 24.0%

Mixed dyslipidemia 19.3% 37.3% 41.6%
Medication

Lipid-lowering 31.6% 48.3% 43.5% <0.01

Antidiabetic 9.2% 39.4% 48.1% <0.01

Anticoagulant 16.2% 52.0% 71.5% <0.01

Antihypertensive 15.2% 68.7% 75.4% <0.01
Reason for admission

Decompensated HF 12.0% 13.0% 10.9% 0.47

AF 4.6% 34.0% 1.0% 0.17

CHD 15.6% 15.9% 13.7% 0.40

AMI 1.2% 2.5% 37.9% 0.29

ASCVD: American College of Cardiology/American Heart Association Atherosclerotic Cardiovascular Disease risk score;
HF: heart failure; AF: atrial fibrillation; CHD: coronary heart disease; and AMI: acute myocardial infarction; 2Values
expressed as mean + SD, except where otherwise indicated. *In comparison with the STOP-Bang score 0-2 group.

Table 2. Summary of the associations of STOP-Bang scores with all-cause and cardiovascular mortality.

Unadjusted HR (95% CI) p

All-cause mortality
STOP-Bang > 3
STOP-Bang > 5
Cardiovascular mortality
STOP-Bang > 3
STOP-Bang > 5

1.36 (0.77-2.36)
1.45 (0.96-2.20)

2.94 (0.88-9.78)
2.31 (1.13-4.70)

Adjusted HR* (95% ClI) p
0.28 1.52 (0.83-2.79) 0.17
0.07 1.58 (1.01-2.48) 0.04
0.07 4.67 (1.27-17.08) 0.02
0.04 3.12 (1.39-7.03) 0.01

HR: hazard ratio. *Cox proportional hazards model adjusted by dyslipidemia, former or current smoking, alcohol
consumption, previous cardiovascular heart disease, and American College of Cardiology/American Heart Association
Atherosclerotic Cardiovascular Disease risk score, as well as lipid-lowering, antidiabetic, antihypertensive, and

anticoagulant medications at baseline.

events more rapidly. Therefore, the use of validated
questionnaires that indicate a higher risk of OSA is a
useful intervention to reduce complications.*> The
present study found an increased risk for OSA (80%) in
our sample, and 40% of patients had a STOP-Bang score
> 5. This high prevalence is due to older age, obesity,
and hypertension, which are common in hospitalized
patients. Moreover, after a three-year follow-up period,
this increased prevalence was associated with an
increased risk of cardiovascular mortality.

The STOP-Bang questionnaire was initially developed
by researchers in the field of anesthesiology.(**
Previous studies evaluated its accuracy in different
clinical practices, such as in sleep study centers or
in perioperative settings.*>% This questionnaire is
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an easy tool to screen populations at risk of OSA.
Additionally, the STOP-Bang questionnaire has been
shown to be a good screening tool to identify individuals
with hypertension or DM at risk of OSA.(7-19)

Data regarding the use of the STOP-Bang questionnaire
in hospitalized patients are scarce, and the clinical
utility of this questionnaire in this population is
unclear. Previously, we analyzed the cross-sectional
relationships of STOP-Bang questionnaire scores with
cardiovascular events (composite outcomes included
major adverse cardiovascular events, cardiovascular
mortality, acute coronary syndrome, and decompensated
heart failure) during the first 30 days of hospitalization
and with cardiovascular risk using the ASCVD risk
score calculator. According to the ASCVD risk score,



Valdivia G, Schmidt A, Schmidt B, Rivera F, Ohate A, Navarrete C, Campos J, Labarca G ’P

Table 3. Comparison between all-cause mortality and survival groups after follow-up.?

Baseline characteristic

All-cause mortality

(n = 95)

Age, years 68.1 +14.3
Age > 65 years 61.7
Male 61.7
STOP-Bang score 4.2 +1.4

>3 87.6

>5 48.1
Hypertension 77.7
Diabetes mellitus 44.4
Dyslipidemia 54.3
BMI > 35 kg/m? 9.8
Reason for admission

Decompensated HF 13.5

Unstable angina 49.3

AMI 1.2

AF 3.7

Group
Survival
(n = 340)
59.3+17.3 < 0.01
42.0 0.01
51.6 0.06
39+1.8 0.19
79.3 0.05
40.3 0.12
59.6 0.01
36.7 0.12
55.3 0.48
10.7 0.50
12.7 0.47
18.3 0.01
25.4 0.41
33.8 0.55

HF: heart failure; AMI: acute myocardial infarction; and AF: atrial fibrillation. 3Values expressed as mean + SD or %.

Baseline characteristic

CV mortality
(n = 34)

Age, years 73.8 +11.8
Age > 65 years 75.0
Male 67.8
STOP-Bang score 4.6 £ 1.1

>3 86.4

>5 67.1
Hypertension 67.8
Diabetes mellitus 50.0
Dyslipidemia 46.4
BMI > 35 kg/m? 13.5
Reason for admission

Decompensated HF 25.0

Unstable angina 10.7

AMI 3.5

AF 10.7

Table 4. Comparison between cardiovascular mortality and survival groups after follow-up.?

Survival

(n = 340)

60.4 + 17.1 0.02
43.7 0.01
52.5 0.08

3.9+1.7 0.04
79.8 0.06
40.7 0.01
62.6 0.36
37.3 0.12
55.7 0.08
11.0 0.48
12.0 0.05
16.2 0.32
2.2 0.49
2.9 0.06

HF: heart failure; AMI: acute myocardial infarction; and AF: atrial fibrillation. 2Values expressed as mean £ SD or %.

we found that the cardiovascular risk in patients with
a STOP-Bang score > 3 was 24.3%, whereas that in
those with a STOP-Bang score of 0-2 was 10.9%.(%

In the present study, we included a single cohort of
an understudied population (hospitalized individuals
admitted to an internal medicine unit) followed for
36 months to determine the clinical utility of the
STOP-Bang questionnaire in the identification of the
risk for all-cause and cardiovascular mortality. We
hypothesized that populations at risk of OSA would
have an increased risk of cardiovascular mortality,
mainly due to cardiovascular events defined in the
ICD-9. We predefined to include hospitalized patients
with mild-to-moderate disease in order to rule out
those with severe acute disease, who might present

with an increased risk of morbidity and sequelae. Our
results provide new data about hospitalized patients.
We studied the clinical utility of the STOP-Bang
questionnaire in a specific population at risk of general
or moderate-to-severe OSA. Our results demonstrated
clinical differences between patients at risk of OSA and
those without that risk. Additionally, after confounder
analysis, previous CHD at baseline was also associated
with cardiovascular mortality.

We also found an increased prevalence of
cardiometabolic disease in patients at risk of OSA.
First, the prevalence of hypertension ranged between
73% and 84%, which is higher than the prevalence
reported in other studies.®) However, most of those
studies were performed in sleep study centers, not with
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STOP-Bang score < 5
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HR = 3.12 (95% Cl, 1.39-7.03); p = 0.01
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30.00 40.00

Months after discharge

Figure 2. Cumulative incidence of cardiovascular mortality in the groups of patients with a STOP-Bang score < 5 (blue

line) and = 5 (red line). HR: hazard ratio.

hospitalized patients. Second, the prevalence of DM
ranged between 44% and 50%. Pataka et al.*”) reported
a prevalence of DM of 57% in patients with severe
OSA; the sensitivity of the STOP-Bang questionnaire
in the patients with DM was 81% for mild OSA and
95% for severe OSA. In that study,(*”) the prevalence
of dyslipidemia was 14%, whereas that was 59% in our
study. An increased risk of dyslipidemia was previously
reported by Chou et al.*? in patients with OSA (61.1%).
In another study,?® the prevalence of dyslipidemia was
26% in the general population. In accordance with
data from the European Sleep Apnea Database,?* the
prevalence of hyperlipidemia was 26% and 15% in
patients with and without OSA, respectively, and this
increase was independent after confounder analysis.
However, those studies were performed in outpatient
scenarios, either as population-based studies or at
sleep study centers. Finally, regarding cardiovascular
reasons for admission, the discharge of patients with
heart failure and OSA was independently associated
with an increased risk of mortality after 6-12 months
of follow-up (RR = 1.53).%®

The strengths of the present study are its prospective
design, including consecutive Latin American patients
admitted for any medical reason to an internal
medicine service and the fact that the completion of

the STOP-Bang questionnaire and the initial evaluation
were performed within the first 48 h after admission.

The study also has limitations. The patients included
were not submitted to sleep studies to confirm or
rule out OSA. However, this study was designed to
evaluate the risk of mortality using the STOP-Bang
questionnaire, and these data can be used to improve the
identification of hospitalized patients with an increased
risk of OSA and, therefore, of worse outcomes, which
might allow the incorporation of various interventions
to reduce that risk.

In conclusion, in this cohort of hospitalized patients in an
internal medicine unit, the STOP-Bang questionnaire was
able to identify those with an increased risk of mortality.
A STOP-Bang score = 5 is an easy and useful tool to
identify patients at risk of all-cause and cardiovascular
mortality within a three-year follow-up period.
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