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LETTER TO THE EDITOR

TO THE EDITOR:

The apnea-hypopnea index (AHI), expressed as events/h,
is used in order to define normality and to classify
the severity of obstructive sleep apnea (OSA).() AHI
measures the frequency of respiratory events throughout
the night and the degree of sleep fragmentation, since
apnea/hypopnea events are frequently followed by
an electroencephalographic reaction. In addition, AHI
gives us indirect information about hypoxemia, because
respiratory events are often accompanied by a variable
decrease in Sp0,.® The proportion of time spent in
SpO, < 90% (T90) is an accurate parameter to assess
nighttime hypoxemia, since a 90% SpO, at sea level
equals a Pa0, of approximately 60 mmHg according
to the oxygen-hemoglobin dissociation curve.®® The
correlation between AHI and T90 is moderate (r = 0.6-
0.7), because not all respiratory events are followed by
a drop in Sp0O, < 90%.

OSA has been identified as a risk factor for hypertension
in population-based studies.* Underlying mechanisms
would be related to sympathetic activity secondary to
hypoxia/hypercapnia cycles, increased intrathoracic
pressure, and microarousals that follow apneas/hypopneas,
which favor an increase in blood pressure. Both
animal and human studies have shown that intermittent
hypoxemia can trigger hypertension.* Similarly to the
hypothesis of other authors, ours was that T90 might be
associated to hypertension in OSA patients.

In a preliminary and retrospective study based on
the systematic collection database from the Hospital
Britanico of Buenos Aires sleep unit between 2011
and 2019, we included consecutive adult patients who
underwent home-based respiratory polygraphy due to
suspicion of OSA according to the results in the Berlin
questionnaire (high risk), the Epworth Sleepiness Scale
(ESS; > 10 points), or the STOP-Bang questionnaire (> 3
components). The study was approved by the institutional
research ethics committee and the Plataforma de Registro
Informatizado de Investigaciones en Salud de Buenos
Aires in accordance with the standards of the Declaration
of Helsinki, as amended (protocol #1242).

The diagnosis of hypertension was considered when it was
self-referred, whether it was documented in the medical
records, or whether the patient was on antihypertensive
medication. These diagnostic strategies for hypertension
have been validated and showed a good performance.®
Automatic signal analysis was performed by trained
physicians and was followed by manual corrections based
on international criteria.(® We calculated the T90 in %
and the number of oxygen desaturations > 3% (ODI,
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oxygen desaturation index) over valid recording time, after
sequential manual revision. Multiple logistic regression
analysis was used in order to establish the relationship
between hypertension (dependent variable) and age,
sex, BMI, AHI, and T90 (independent variables). For this
purpose, study physicians performed a ROC analysis to
establish the best cutoffs to differentiate between patients
with and without hypertension. Predictive models also
relied on traditional cutoffs, such as AHI (= 10 and >15
events/h).

We included 3.854 patients (median age = 55 years)
who were mostly male (61.5% vs. 38.5%; p < 0.001).
Prevalence of obesity and hypertension was 57.0% and
52.3%, respectively. In the study sample, 48% was
classified as having moderate-to-severe OSA, and 29%
of patients reported excessive daytime sleepiness (ESS
> 10 points).

The best area under the ROC curve (AUC-ROC)
to differentiate between patients with and without
hypertension included the following cutoffs: age = 52
years; BMI > 30 kg/m?; AHI > 14 events/h; and T90 >
3%. Table 1 presents multiple logistic regression models
including AHI and T90: age (OR = 3.27-3.29; 95% CI:
2.83-3.80; p < 0.0001); male sex (OR = 1.34-1.35; 95%
CI: 1.16-1.56; p < 0.001); BMI (OR = 1.82-1.83; 95%
CI: 1.58-2.11; p < 0.0001); AHI (OR = 1.21-1.24; 95%
CI: 1.03-1.45; p < 0.01); and T90 (OR = 1.54- - 1.57;
95% CI: 0.31-1.84; p < 0.0001).

Our main finding was that nighttime hypoxemia
defined as T90 > 3% was independently associated to
the development of hypertension in OSA patients. This
highlights the importance of nighttime hypoxemia as
an independent risk factor for hypertension in patients
with OSA, who represent the population of patients
treated in a sleep unit. This observation was consistent
after adjusting for other covariates (age, sex, BMI, and
AHI), which is in line with experimental models that
have established the role of hypoxemia as a mechanism
of hypertension in OSA.”® Two large studies reported
that AHI > 30 events/h and T90 > 12%,® or quartiles
3 and 4 of ODI > 4% (ODI4)"% were independently
associated with hypertension—T90 > 12% (OR = 1.46;
95% CI: 1.12-1.88) and ODI4 (OR = 2.01; 95% CI:
1.6-2.5). In a study involving patients with moderate-
to-severe OSA in use of CPAP,(®) CPAP was withdrawn
for two weeks, and the patients were randomized to
receive supplemental oxygen or air (sham) during sleep.
Those who received supplemental oxygen had the rise in
morning blood pressure virtually abolished.® Dean et al.(®)
demonstrated that every standard deviation of increment
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Table 1. Multiple logistic regression predictive models for hypertension.

Variable Coefficient
Model 1
Age > 52 years 1.19
Male sex 0.34
BMI > 30 kg/m? 0.63
AHI > 5 events/h 0.06
T90 > 3% 0.52
Model 2
Age > 52 years 1.18
Male sex 0.30
BMI > 30 kg/m? 0.60
AHI > 10 events/h 0.19
T90 > 3% 0.45
Model 3
Age > 52 years 1.19
Male sex 0.30
BMI > 30 kg/m? 0.60
AHI > 14 events/h 0.22
T90 > 3% 0.43
Model 4
Age > 52 years 1.19
Male sex 0.30
BMI > 30 kg/m? 0.60
AHI > 15 events/h 0.20
T90 > 3% 0.44

(0] 3 95% ClI p
3.3 2.86-3.80 < 0.0001
1.4 1.2-1.6 < 0.0001
1.9 1.6-2.2 < 0.0001
1.06 0.87-1.29 0.58
1.7 1.45-1.96 < 0.0001
3.27 2.83-3.77 < 0.0001
1.35 1.17-1.56 < 0.0001
1.83 1.59-2.11 < 0.0001
1.21 1.03-1.42 0.0205
1.57 1.33-1.84 < 0.0001
3.28 2.84-3.79 < 0.0001
1.34 1.16-1.55 0.0001
1.82 1.58-2.10 < 0.0001
1.24 1.07-1.45 0.0058
1.54 1.31-1.81 < 0.0001
3.29 2.85-3.80 < 0.0001
1.35 1.17-1.56 0.0001
1.83 1.59-2.11 < 0.0001
1.22 1.05-1.43 0.0112
1.56 1.32-1.83 < 0.0001

AHIL: apnea-hypopnea index; T90: proportion of total recording time with SpO, < 90%.

in log-transformed hypoxic burden was associated with
a 1.1% increase in systolic blood pressure and a 1.9%
increase in diastolic blood pressure among those patients
not using antihypertensive medications. Using a large
cohort of moderate-to-severe OSA patients in South
America, Labarca et al.*% developed predictive models
of cardiometabolic risk from indicators of hypoxemia
(T90, minimum SpO, and ODI) and showed that a
T90 > 10% was a predictor of arterial hypertension.

The limitation of the present study was that
the diagnosis of hypertension was based on self-
reporting, medical history records, or the history
of antihypertensive drug use. However, despite
this limitation, our observations are in line with the
important body of experimental evidence in animals

and humans that links intermittent hypoxemia with
the development of hypertension.

In conclusion, nighttime hypoxemia defined as T90
> 3% was an independent risk factor for hypertension
in a clinical population of patients with suspected sleep
apnea. This preliminary finding must be confirmed in
prospective longitudinal studies.
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