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Abstract: Background: To screen for risk predictors of hypertension in patients with Obstructive Sleep Apnea
Hypopnea Syndrome (OSAHS) and develop and validate a clinical model for individualized prediction of hypertension
in consecutive patients with OSAHS. Methods: 114 consecutive patients with OSAHS confirmed by PSG monitoring
participated in this study. Those individuals were divided into two sets at a ratio of 7:3, using computer-generated
random numbers: 82 individuals were assigned to the training set and 32 to the validation set. Important risk pre-
dictors of hypertension in individuals with OSAHS were confirmed using the LASSO method and a clinical nomogram
constructed. The predictive accuracy was assessed by unadjusted concordance index (C-index) and calibration plot.
Results: Univariate and multivariate regression analysis identified BMI, REM-AHI, REM-MSpO, and T90% as predic-
tive risk factors of OSAHS. Those risk factors were used to construct a clinical predictive nomogram. The calibration
curves for hypertension in patients with OSAHS risk revealed excellent accuracy of the predictive nomogram model,
internally and externally. The unadjusted concordance index (C-index) for the training and validation set was 0.897
[95% CI 0.795-0.912] and 0.894 [95% CI 0.788-0.820] respectively. The AUC of the training and validation set was
0.8175882 and 0.8031522, respectively. Decision curve analysis showed that the predictive model could be ap-
plied clinically when the threshold probability was 20 to 80%. Conclusion: We constructed and validated a clinical
nomogram to individually predict the occurrence of hypertension in patients with OSAHS. We determined that BMI,
REM-AHI, REM-MSpO, and T90% were independent risk predictors for hypertension in patients with OSAHS. This
practical prognostic nomogram may help improve clinical decision making.
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Introduction

Obstructive sleep apnea hypopnea syndrome
(OSAHS) is characterized by recurrent complete
or partial occlusion of the upper airway during
sleep, resulting in intermittent hypoxia, hyper-
capnia, decreased intrathoracic pressure and
micro arousal, leading to daytime sleepiness
and decreased quality of life [1]. The preva-
lence of OSAHS has been reported to be 7.8 to
77.2% in the middle-aged population around
the world [2]. OSAHS is associated with a vari-
ety of cardiovascular diseases including hyper-

tension, coronary heart disease, myocardial in-
farction and arrhythmia as well as other meta-
bolic diseases such as diabetes, hyperlipid-
emia, and nonalcoholic fatty liver disease [3-7].
It is estimated that 30 to 40% of hypertensive
patients have OSAHS and 35 to 80% of OSAHS
patients have hypertension [8]. Accumulated
evidence shows that OSAHS is an independent
risk factor for the hypertensive population [9].

Recent studies [10-12] of the cause and effect
relationship between hypertension and OSAHS
have revealed that the two disorders show com-
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mon mechanisms that include increased sym-
pathetic neural activity, activated systemic
inflammation, and oxidative stress [13, 14]. A
retrospective cohort study showed that age,
BMI, and daytime and nocturnal hypoxia played
arole in the development of OSA-related hyper-
tension [8]. Nonetheless their clinical predic-
tive value and accuracy are not high. There is
an urgent need for a reliable clinical method to
predict hypertension in patients with OSAHS.

Clinical risk prediction models have been
applied in many diseases such as type 2 diabe-
tes, cancer and heart failure [15-17]. Although
there is a risk prediction model for OSAHS [18]
there is a lack of diagnostic methods and a risk
prediction model for hypertension in patients
with OSAHS. Thus the diagnosis of OSA-related
hypertension is often missed.

We conducted this study to screen for risk pre-
dictors of hypertension in patients with OSAHS,
and to develop and validate a clinical nomo-
gram for individualized prediction of hyperten-
sion in consecutive patients with OSAHS.

Methods
Study design

This study was a single-center case-control
study to identify predictors of hypertension in
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consecutive patients with obstructive sleep
apnea hypopnea syndrome. Between May
2017 and November 2020, 114 consecutive
participants who had undergone polysomnog-
raphy (PSG) and 24-hour ambulatory blood
pressure monitoring (ABPM) were admitted to
the sleep respiratory center at the First Affiliat-
ed Hospital of Guangzhou Medical University.
The procedures of this clinical trial are present-
ed as Figure 1.

Inclusion criteria: (1) Aged =18 years old; (2)
Patients had not taken antihypertensive medi-
cation before this study; (3) Patients had
a diagnosis of OSAS confirmed on PSG and
showing an apnea-hypopnea index (AHI) >15/h
according to the American Academy of Sleep
Medicine 2012 scoring rules [19]; and (4)
Patients not treated for OSAHS.

Exclusion criteria: (1) central and mixed sleep
apnea hypopnea; (2) renal parenchyma or renal
vascular disease; (3) a history of secondary
hypertension; (4) cardiovascular disease such
as aortic insufficiency, coarctation or Takayasu
arteritis; (5) severe lung disease, neuromuscu-
lar disease, or mental or psychological diseas-
es; (6) acute or chronic heart, liver, kidney, or
digestive system diseases; (7) chronic insom-
nia, restless legs syndrome, narcolepsy or
other sleep disorders; or if they were (8) preg-
nant or breast-feeding.
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Ethics approval statement

This study was approved by the Ethics Com-
mittee of the First Affiliated Hospital of
Guangzhou Medical University (NO. 2018032)
and written informed consent was obtained
from all participants. The study complied with
the Declaration of Helsinki and was register-
ed with the Chinese Clinical Trial Registry
(ChiCTR1800016503).

Data collection and measurement

We collected characteristic data of the sub-
jects, such as age, sex, BMI, neck circumfer-
ence, waist circumference, ESS, and PSG pa-
rameters of sleep. Furthermore, blood samples
were collected, including total cholesterol (TC),
triglycerides (TGs), LDL, high-density lipopro-
tein (HDL), creatinine, uric acid, and HbA1c.

Definitions

Diagnosis of hypertension [20] was made in the
absence of any antihypertensive drugs and if
blood pressure value on three days was systolic
>140 mmHg and/or diastolic 290 mmHg. The
diagnosis of OSAS was confirmed on PSG that
was showing an apnea-hypopnea index (AHI)
>15/h according to the American Academy of
Sleep Medicine 2012 scoring rules [19].

Statistical analysis

SPSS 22.0 software (SPSS Inc. Chicago, IL,
USA) was used for statistical analysis. K-S
(Kolmogorov Smirnov test) was used to test
the normality of data. Data with a normal distri-
bution were expressed as mean + standard
deviation (zs). One way ANOVA test was used
to compare multiple groups, and LSD (least sig-
nificant difference) test used to compare the
two groups of data. Data with a non-normal dis-
tribution were represented by median (P25,
P75). Comparison between groups was made
using nonparametric test, and comparison
between the two groups by Kruskal-Wallis test.
Data of categorical variables were expressed
as cases (%), and chi square test was used for
comparison between groups. By univariate and
multivariate logistic regression, the indepen-
dent variable screening methods were input
method and backward stepwise method. In
multiple linear regression, the independent
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variable selection method is the step-by-step
method. A nomogram was constructed on the
basis of independent determinants identified
in the multivariate Cox regression and the area
under the curve (AUC) by R software 3.3.0 (R
Foundation for Statistical Computing, Vienna,
Austria, www.r-project.org). Receiver operating
characteristic (ROC) curve was used to evalu-
ate the calibration of the predictive model [21].
We conducted decision curve analysis by the
package of R software to evaluate the clinical
usefulness of the model [22]. P value <0.05
was considered significant.

Results
Characteristics of the subjects

We initially recruited 169 consecutive patients
with confirmed OSAHS diagnosed by PSG. After
excluding 15 who refused to participate, 31
who did not fulfill the inclusion criteria, and 9 in
whom valid data for ABPM were <80%, 114
were studied. Patients were categorized ac-
cording to the results of 24-hour ambulatory
blood pressure monitoring as hypertensive
(n=71) or normotensive (n=43) (Figure 1). The
demographic characteristics of the 114 sub-
jects are shown in Table 1. The prevalence rate
of hypertension in the OSAHS population was
up to 62.3%. There were differences in BMI,
neck circumference and waist circumference
between the two groups (P<0.05).

Comparison of polysomnographic data

As shown in the results, hypertensive patients
had higher indexes of AHI, REM-AHI and NREM-
AHI (P<0.001). In terms of oxygen satura-
tion parameters, MSpO,, REM-MSpO,, NREM-
MSpO, and LSa0, in the hypertension group
were lower than those in the normotensive
group. In addition, T90%, REM-T90% and NR-
EM-T90% were significantly higher (P<0.001).
Nevertheless there was no significant differ-
ence in TST, sleep efficiency, sleep latency,
REM sleep latency or REM% between the two
groups (P>0.05) (Table 2).

Study population
The 114 eligible individuals were divided into

two sets at a ratio of 7:3, using computer-gen-
erated random numbers: 82 individuals were
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Table 1. Comparison of clinical data between the three groups

Index hypertensive group (n=71) normotensive group (n=43) P value
Age (years) 42.00 (36.00-47.00) 49.00 (41.50-53.00) 0.644
Sex 0.226
Male (n%) 66 (92.6%) 37 (86%)
Female (n%) 5 (7.0%) 6 (14%)
BMI (Kg/m?) 28.28+3.13 26.39+3.84 0.005
Neck circumference (cm) 41.00 (39.00-44.00) 40.00 (37.50-43.00) 0.011
Waist circumference (cm) 104.00 (99.00-109.00) 96.00 (92.00-101.00) 0.001
Smoking (%) 39 (54.93) 19 (44.19) 0.176
Drinking (%) 34 (47.89) 21 (48.84) 0.905
Diabetes (%) 4 (5.63) 3(6.98) 0.772
ESS (score) 12.09+5.76 10.43+5.74 0.151
FBG (mmol/L) 5.24 (4.60-5.87) 4.80 (4.27-5.59) 0.895
PBG (mmol/L) 7.27 (5.36-9.45) 6.01 (5.34-9.09) 0.438
HbA1c (mmol/mol) 5.80 (5.70-6.40) 5.60 (5.35-5.85) 0.051
Scr (umol/L) 77.00 (71.50-86.50) 72.00 (63.00-80.00) 0.052
UA (umol/L) 485.12+94.79 435.56+92.98 0.092
TC (mmol/L) 4.82+1.15 4.84+1.17 0.948
TG (mmol/L) 1.86 (1.48-2.71) 1.59 (1.18-2.66) 0.212
HDL (mmol/L) 1.11+0.20 1.17+£0.26 0.318
LDL (mmol/L) 3.15+0.73 3.24+0.88 0.685

Note: P<0.05. BMI: body mass index; ESS: Epworth Sleepiness Scale; FBG: fasting blood glucose; PBG: 2 hours postprandial
blood glucose; HbAlc: glycosylated hemoglobin; SCR: serum creatinine; UA: serum uric acid; TC: total cholesterol; TG: triglycer-
ide; HDL: high density lipoprotein cholesterol; LDL: low density lipoprotein cholesterol.

Table 2. Comparison of polysomnographic data between the three groups

Index hypertensive group (n=71) normotensive group (n=43) P value
TST (min) 420.05+78.49 395.95+64.99 0.094
Sleep efficiency (%) 85.40 (77.30-93.50) 84.00 (78.00-91.90) 0.490
Sleep latency (min) 19.00 (4.50-38.00) 20.00 (1.50-35.20) 0.806
REM sleep latency (min) 137.00 (89.60-232.70) 137.00 (84.50-203.50) 0.524
MAI (times/h) 33.20 (20.40-47.90) 20.30 (14.00-35.10) 0.102

(
AHI (times/h) 60.80 (40.80-70.60) 25.30 (12.20-54.70) <0.001
REM-AHI (times/h) 54.30 (48.00-72.00) 36.70 (12.60-48.00) <0.001
NREM-AHI (times/h) 61.00 (39.60-70.40) 24.70 (9.80-55.00) <0.001
REM% 12.66+6.04 14.37+5.98 0.146
MSpO, (%) 93.00 (89.00-94.00) 95.00 (93.00-96.00) <0.001
REM-MSpO, (%) 90.00 (83.00-93.00) 94.00 (91.00-96.00) <0.001
NREM-MSpO, (%) 93.00 (89.00-94.00) 94.00 (93.00-95.00) <0.001
LSa0, (%) 67.00 (57.00-75.00) 80.00 (69.00-85.00) <0.001
T90% (%) 22.44 (10.53-45.90) 3.28 (0.47-15.01) <0.001
REM-T90% (%) 37.52 (14.05-66.90) 5.03 (0.10-30.39) <0.001
NREM-T90% (%) 21.80 (9.17-45.23) 2.63 (0.30-14.73) <0.001

Note: Compared to the normal blood pressure group, significant difference as P<0.05. TST: total sleep time; MAI: Micro arousal
index; AHI: apnea hypopnea index; REM-AHI: apnea hypopnea index during REM sleep; NREM-AHI: apnea hypopnea index dur-
ing non REM sleep; REM%: percentage of total sleep time in REM sleep period; MSpO,: mean pulse oxygen saturation; REM-
MSpOZ: mean pulse oxygen saturation in REM sleep period; NREM-MSpOz: mean pulse oxygen saturation in non REM sleep
period; LSa0,: lowest arterial oxygen saturation; T90%: percentage of total sleep time in non REM sleep period; REM-T90%: the
percentage of total sleep time when the arterial oxygen saturation is less than 90% in REM sleep; NREM-T90%: the percentage
of total sleep time when the arterial oxygen saturation is less than 90% in non REM sleep.
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Table 3. Characteristics of the training and validation sets

Training set (n=82)

Validation set (n=32)

Hypertension  Normal Blood p Hypertension Normal Blood p
(n=49) Pressure (n=33) (n=22) Pressure (n=10)

Age 43.10+10.05 42.87+13.06 0.93 42.09+8.90 45.2+9.91 0.40
Sex 0.81 0.75

Female 3 (6.1%) 5 (15.2%) 2 (9.1%) 1 (10%)

Male 46 (93.9%) 27 (81.8%) 20 (90.9%) 9 (90%)
BMI 28.14+3.31 26.38+3.98 0.03 28.61+2.56 26.02+3.11 0.23
AHI 56.61+21.17  31.89+23.74 <0.001 59.71+18.42 29.41+21.85 <0.001
REM-AHI 55.87+24.16  32.37+20.81 <0.001 60.14+17.37 27.82+20.13 <0.001
NREM-AHI 56.63+21.56 31.95+25.39 <0.001 59.59+19.62 29.31+23.16  <0.001
LSa0, 66.67+14.17  76.68+12.47 0.001 62.41+13.76 78.5+10.46 <0.001
Neck circumference 40.38+3.21 39.10+2.86 0.07 41.90+2.73 38.75+4.94 <0.001
Waist circumference  100.66+7.78 94+9.79 <0.001 102.71+7.65 95+9.15 0.03
MSpO, 91.49+4.34 93.74+2.82 0.009 89.68+5.91 94.3+2.93 0.02
REM-MSpO, 88.61+6.33 92.2615.04 0.01 84.55+9.60 93.4+4.48 0.03
NREM-MSpO, 91.22+4.47 93.48+2.69 0.008 89.77+5.69 94.4+2.65 0.01
T90% 27.64+22.7 11.98+16.52 0.001 34.09+27.06 10.64+21.57 0.02
REM-T90% 39.17429.25  17.36%£22.83 <0.001 50.86+30.73 13.73+21.19  <0.001
NREM-T90% 27.34+25.26  10.62+15.30 0.001 32.38+26.52 8.96+17.62 0.02

Note: Significant difference is P<0.05.

assigned to the training set and 32 to the vali-
dation set. The characteristics with clinical
variables in both sets are shown in Table 3.
The results showed that AHI, REM-AHI, NREM-
AHI, LSa0,, neck circumference, waist circum-
ference, MSpOz, REM-MSpOQ, NREM-MSpO2,
T90%, REM-T90%, NREM-T90% and LSa0, in
the training set were different from the valida-
tion set (P<0.05).

Univariate and multivariate analysis

Univariate and multivariate analysis confirmed
predictive factors associated with OSAHS
complicated by hypertension (Table 4). In-
dependent predictive factors included: BMI
(95% Cl 1.75-2.05; P=0.005), REM-AHI (95% CI
1.29-4.30; P=0.005), REM-MSpO, (95% ClI
1.014-1.09; P=0.04) and T90% (95% CI 1.12-
2.26; P=0.02).

Predictive factors selection

Based on characteristics of the participants,
the LASSO method was used to identify the
predictive factors (Figure 2A and 2B). Of the
potential 15 factors, four were identified: BMI,
REM-AHI, REM-MSpO, and T90%.
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Construction of the nomogram

Four independent risk factors (BMI, REM-AHI,
REM-MSpO, and T90%) in the training set were
finally recruited into the nomogram model to
predict the risk of OSAHS complicated by hy-
pertension (Figure 3). The nomogram showed
that REM-AHI and REM-MSpO, contributed
most to risk of hypertension in OSAHS. The
contribution of T90% was small compared to
REM-MSpO, or REM-AHI. Each variable was
assigned a score and a total score obtained
from the sum of each variable. Moreover, total
points of the nomogram model ranged from 50
10 260, and the predictive risk rate ranged from
0.1 to 0.8. The higher total points, the greater
the risk.

Validation of the nomogram

The calibration plot of the training and valida-
tion set are shown in Figure 4. The unadjust-
ed concordance index (C-index) for the train-
ing and validation set were 0.897 [95% confi-
dence interval (Cl), 0.795-0.912] and 0.894
[95% confidence interval (Cl), 0.788-0.820],
respectively. The AUCs for the training and vali-
dation set was 0.8175882 and 0.8031522,

Am J Transl Res 2022;14(2):819-830



Table 4. Univariate and multivariate risk analysis

Model to predict hypertension in OSAHS

Index Univariate Multivariate
OR [95% Cl] P value OR [95% Cl] P value

Age

0-39 Reference

40-59 0.58 [0.5989-0.973] 0.3306

>60 1.11[0.963-1.1532] 0.3355
Sex

Female Reference

Male 0.46 [0.133-1.636] 0.234
BMI

18.5-23.9 Reference Reference

24-27.9 1.82 [0.9206-1.982] 0.047 1.24 [0.85-1.85] 0.28

>28 1.42[0.9378-1.515] 0.1297 2.97 [1.75-2.05] 0.005
AHI

5-14.9 Reference

15-29.9 1.23[0.9378-1.515] 0.079

>30 1.42[0.639-1.928] 0.094
REM-AHI

0-14.9 Reference Reference

15-29.9 1.25[1.1615-1.189] 0.028 1.754 [1.241-2.479] 0.001

>30 1.36 [0.414-0.892] 0.0086 2.36 [1.29-4.30] 0.005
NREM-AHI

0-14.9 Reference

15-29.9 1.57 [0.6388-0.6522] 0.003

>30 1.85 [0.6390-0.6522] 0.002
LSa0,

20-49 Reference

50-69 1.84 [0.69-1.014] 0.98

>70 1.40[0.678-1.012] 0.89
Neck circumference

30-39.9 Reference

>40 1.08 [0.77-1.38] 0.16
Waist circumference

75-89 Reference Reference

90-109.9 1.69 [1.04-1.81] 0.11 1.24 [0.64-1.74] 0.77

>110 1.19[1.47-1.88] 0.42 1.19 [0.61-1.94] 0.87
MSpO,

70-84 Reference

85-100 1.79[0.639-0.652] 0.132
REM-MSpO,

60-79 Reference Reference

80-100 1.72[0.907-1.013] 0.98 1.15[1.014-1.09] 0.04
NREM-MSpO,

70-84 Reference

85-100 1.32[0.638-0.652] 0.99
T90%

0-29.9 Reference Reference

30-59.9 1.25[1.822-1.96] 0.49 1.38[0.92-1.79] 0.18
824 Am J Transl Res 2022;14(2):819-830
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>60 3.45[0.237-0.656] 0.96 1.59 [1.12-2.26] 0.02
REM-T90%

0-29.9 Reference

30-59.9 1.44 [0.486-0.914] 0.626

>60 1.318 [0.906-1.014] 0.986
NREM-T90%

0-29.9 Reference

30-59.9 1.43 [0.256-1.691] 0.79

>60 1.45[0.638-0.652] 0.99

Note: AHI: apnea hypopnea index; REM-AHI: apnea hypopnea index during REM sleep; NREM-AHI: apnea hypopnea index
during non REM sleep; BMI: body mass index; ESS: Epworth Sleepiness Scale; MAI: Micro arousal index; TST: total sleep time;
MSpO,: mean pulse oxygen saturation; REM-MSpO,: mean pulse oxygen saturation in REM sleep; NREM-MSpO,: mean pulse
oxygen saturation in non REM sleep; LSa0,: lowest arterial oxygen saturation; T90%: percentage of total sleep time when arte-
rial oxygen saturation is lower than 90%; REM-T90%: percentage of total sleep time when arterial oxygen saturation is lower
than 90%; NREM-T90%: percentage of total sleep time when arterial oxygen saturation was less than 90% during non REM
sleep.
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Figure 2. The LASSO binary logistic regression model. A: Optimal parameter (lambda) selection in the LASSO model
used fivefold cross-validation by minimum criteria. The partial likelihood deviance (binomial deviance) curve was
plotted versus log (lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria
and the 1 SE of the minimum criteria (the 1-SE criteria). B: LASSO coefficient profiles of the 15 factors. A coefficient
profile plot was produced against the log (lambda) sequence. A vertical line was drawn at the value selected using
fivefold cross-validation, where optimal lambda resulted in four features with nonzero coefficients. Abbreviations:
LASSO, least absolute shrinkage and selection operator; SE, standard error.

respectively (Figure 5). This indicated that the
nomogram could accurately predict the risk
of hypertension in consecutive patients with
OSAHS.

Clinical use
Decision curve analysis (DCA) of the model

demonstrated that if the threshold probability
of hypertension in OSAHS consecutive patients
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was 20 to 80% (Figure 6), the validity of the
model to predict hypertension in consecutive
OSAHS was increased. This predictive model
was suitable for clinical use.

ROC analysis of risk factors to predict hyper-
tension in consecutive OSAHS patients

The AUC for REM-AHI, BMI, REM-MSpO,,, and
T90% are shown in Figure 7. The cut-off valu-
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Current studies indicate that
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OSA and hypertension are
comorbid [8, 23-25]. A pro-
spective study of the Wiscon-
sin Sleep cohort [26] that

18209 used a population without

REMMSpO2

5149 respiratory events as the con-
trol group revealed that after

80-100

60-90
T90
30-59.9 0-299

Total Points

adjusting for baseline hyper-
tension status, BMI, neck cir-
cumference, waist circumfer-
ence, age, gender, smoking
history, drinking history and

other confounding factors,
the OR for hypertension in
patients with AHI 0-5 times/

250 300

Risk of hypertension

Figure 3. Nomogram for predicting OSAHS patients who will have the com-
plication of hypertension. The nomogram included four risk factors: BMI (kg/
m?), REMAHI (times/h), REM-MSpO, (%) and T90 (%). OSAHS, obstructive
sleep apnea hypopnea syndrome; BMI, body mass index; REMAHI, apnea
hypopnea index during REM sleep; REM-MSpO,: mean pulse oxygen satura-
tion in REM sleep period; T90: percentage of total sleep time in non-REM

sleep period.

es for the same variables are shown in Table
5. The results showed that the cut-off of REM-
AHI, BMI, REM-MSpO,, and T90% were 47.45
times/h, 25.59 kg/m?, 92.50 and 13.08, re-
spectively.

Discussion

We constructed a predictive nomogram model
to predict the risk of hypertension in a popula-
tion of consecutive patients with OSAHS. We
applied the clinical characteristics of the popu-
lation to generalize and screen predictive fac-
tors. BMI, REM-AHI, REM-MSpO, and T90%
were identified as independent risk factors
for hypertension using the LASSO method.
Calibration plot of the training and validation
set revealed that this nomogram model had
good accuracy and clinical applicability, with a
high C-index and AUC for the training and vali-
dation set. The DCA demonstrated clinical use-
fulness of this nomogram for predicting hyper-
tension in an OSAHS population. In addition,
this model would enable early recognition of a
high risk population. To the best of our knowl-
edge, this is the first study to develop a predic-
tive model for hypertension in an OSAHS popu-
lation using common demographic and clinical
PSG values.
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0.1 02 03 04 05

07 oe h, 5-15 times/h and >15
times/h was: 1.42 (95% Cl,
1.13-1.78), 2.03 (95% Cl,
1.29-3.17) and 2.89 (95% Cl,
1.46-5.64) respectively. Ano-
ther study of 2677 patients
with suspected OSAHS [27]
found that the risk of hyper-
tension increased by about
1% with an increase of one respiratory event
per hour during sleep; and by about 13% with a
10% decrease in nocturnal mean oxygen satu-
ration. The results of our study were consistent
with the results of these two studies although
both used blood pressure recorded in the clinic
to diagnose hypertension. In this study, ABPM
was used to diagnose hypertension, avoiding a
missed diagnosis of occult hypertension, re-
ducing the chance of a misdiagnosis of white
coat hypertension, and increasing the chance
of correctly diagnosing hypertension. In addi-
tion, patients in this study were not prescribed
antihypertensive drugs, avoiding the influence
of such therapy and of circadian rhythm.

Our study showed that BMI, REM-AHI, REM-
MSpO, and T90% were risk factors for hyper-
tension in an OSAHS population. The risk of
hypertension increased by 17.54% at 15
breathing events per hour during REM sleep.
Previous studies [28, 29] showed that com-
pared to waking periods and NREM sleep, REM
sleep significantly inhibited the cholinergic
effect of the hypoglossal nerve, resulting in sig-
nificantly decreased genioglossus muscle ten-
sion, weakened upper airway expansion ability,
increased susceptibility to upper airway col-
lapse, more frequent respiratory events, longer

Am J Transl Res 2022;14(2):819-830
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Figure 4. The calibration curves for predictions of hypertension in OSAHS consecutive patients in the training set
(A) and validation set (B). The dashed line indicated ideal predictions, the solid line represents actual predictions
of nomogram. The closer the distance of two lines, the better the performance of the predictive model. OSAHS:
obstructive sleep apnea hypopnea syndrome.
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Figure 5. ROC curves of hypertension in OSAHS consecutive patients’ nomogram in the training set (A) and valida-
tion set (B). The AUCs for the hypertension in OSAHS consecutive patients in the training and validation sets ex-
ceed 0.8, which demonstrated that the nomogram could accurately predict the risk of hypertension in consecutive
patients with OSAHS. OSAHS: obstructive sleep apnea hypopnea syndrome; ROC: receiver operating characteristic
curves; AUC: area under the ROC curve.
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Figure 6. Decision curve analysis for the nomogram.
The black line represents the net benefit at the time
when no OSAHS patients have hypertension, while
the gray line represents the net benefit at the time
when all OSAHS patients have hypertension; the pur-
ple line represents a model curve. The area under
the three lines demonstrates the clinical usefulness
of the nomogram. OSAHS: obstructive sleep apnea
hypopnea syndrome.

duration, and lower blood oxygen saturation.
The Wisconsin Sleep Cohort [30] found that
REM-AHI was independently associated with
the prevalence of hypertension in a cross-sec-
tional study. The group with REM-AHI <1 time/
h served as the control group, and the OR of
hypertension in the group with REM-AHI >15
times/h was 1.26 (95% Cl, 1.01-1.57). These
two studies are consistent with the results of
our study and emphasize the correlation
between REM-AHI and hypertension in 0OS-
AHS patients. Nonetheless the pathogenesis
of REM-AHI and REM-MSpO, that underlies
OSA-related hypertension is poorly understood.
We deduced that when OSAHS occurs in the
REM phase, the REM-related baroreflex sys-
tem is damaged and enhances sympathetic
activity of the cardiovascular system. Muscle
tone is decreased during the REM phase when
individuals are at a stage of intermittent hypox-
ia and this further increases activity of the
sympathetic nervous system. As a result, car-
diac output is increased, vascular smooth mus-
cle contracts, and peripheral vascular resis-
tance and blood pressure increase. In addi-
tion, the main manifestation of OSAHS is inter-
mittent hypoxia. The intermittent hypoxia can
lead to oxidative stress, vascular endothelial
injury, sympathetic excitation and the activa-
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Figure 7. The ROC curves of risk factors for predict-
ing hypertension in OSAHS consecutive patients. The
AUC for REM-AHI, BMI, REM-MSpO,,, and T90%, were
0.778 (95% Cl, 0.690-0.866), 0.671 (95% Cl, 0.563-
0.779), 0.750 (95% Cl, 0.657-0.843), and 0.765
(95% Cl, 0.673-0.857), respectively.

tion of renin angiotensin aldosterone sys-
tem, which can promote the development of
hypertension.

To the best of our knowledge, this is the first
clinical nomogram model to include risk fa-
ctors (BMI, REM-AHI, REM-MSpO, and T90%).
Compared to traditional subjective question-
naires and blood pressure measurement, this
model has a better and more precise applica-
tion. We estimated the optimal cut-off valu-
es for risk factors that could predict the inci-
dence of hypertension in an OSAHS popula-
tion and may provide the best thresholds of
BMI, REM-AHI, REM-MSpO,, and T90%. More
importantly, the DCA revealed that if the thre-
shold probability of hypertension in OSAHS
consecutive patients was 20 to 80%, the mo-
del could more accurately predict hyperten-
sion. In addition, it could facilitate early clinical
identification of OSAHS patients at high risk of
hypertension.

Inevitably, there are some weaknesses in our
study. First, our study was a cross-sectional
study. We determined only the prevalence of
hypertension in an OSAHS population, not the
incidence rate. Second, we could not avoid the
influence of selection bias since the study
included only patients who agreed to complete
ABPM. Third, this research was a single center

Am J Transl Res 2022;14(2):819-830
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Table 5. Optimal cutoff values of risk factors
for predicting hypertension in OSAHS consecu-
tive patients

Variable Youden Cutoff Sensitivity Specificity

Index value (%) (%)
REM-AHI 0.533 47.45 78.9 74.4
BMI 0.338 25.59 80.3 53.5
REM-MSpO, 0.388 92.50 69.8 69.0
T90% 0.462 13.08 71.8 74.4

and small study. A larger, multi-center study is
required to verify its applicability.

Conclusion

This research created a predictive nomogram
model with good accuracy and clinical applica-
bility. This may help to determine the risk of
hypertension in patients with OSAHS. In addi-
tion, we determined that BMI, REM-AHI, REM-
MSpO,, and T90% were independent risk
predictors.
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