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Introduction: Obstructive sleep apnea (OSA) is an upper respiratory tract
disorder that is often associated with cardiovascular diseases, one of which is
resistant hypertension (RH). On the other side, Continuous Positive Airway
Pressure (CPAP) is a medical treatment that is often used for patients with
OSA and RH. Obijective: This meta-analysis aimed to determine the
effectiveness of CPAP in patients with OSA and resistant hypertension by
measuring systolic and diastolic blood pressure at diurnal, nocturnal, and 24
hours. Methods: We conducted a systematic review using a PRISMA
flowchart, utilizing sources such as PubMed, Scopus, Science Direct, and
ClinicalTrials.gov with MeSH. We then reviewed these sources for quality
studies using RoB2, and analyzed the data using the Revman website version.
5.4. Results: The five studies included in the analysis found that CPAP,
while maintaining conventional drugs, significantly affected the blood
pressure of patients with OSA and RH. The significant results were made
clearer by obtaining data for nocturnal SBP pressure, mean -3.89 mmHg (95%
Cl: -7.03 to -0.76) with a p-value < 0.02, and then nocturnal DBP obtained a
mean of -2.34 mmHg (95% CI: -4.70 to 0.02) with a p-value < 0.05.
Meanwhile, the 24-hour results for SBP obtained a mean of -2.97 mmHg
(95% CI: -5.88'to -0.06) with a p-value < 0.05, and the 24-hour results for
DBP obtained a mean of -2.39 mmHg (95% CI: -4.62 to -0.16) with a p-value
< 0.04. Conclusion: CPAP, while maintaining conventional treatment
according to indications, can reduce 24-hour and nocturnal blood pressure in
patients with OSA and resistant hypertension.
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INTRODUCTION

Obstructive Sleep Apnea (OSA) is a respiratory
disorder commonly caused by recurrent airway
blockages during sleep that last 10 seconds to 1 minute
and result in temporary drops in oxygen levels. Its
prevalence stands at around 3-7% in men and 2-5% in
women, with daytime sleepiness, while approximately
24% of men and 9% of women have OSA without
such symptoms." Obesity, central body fat
accumulation, enlarged neck circumference, gender,
age, craniofacial abnormalities, and upper airway
issues are all risk factors for OSA. Regardless of the
respiratory classification, OSA leads to severe
cardiovascular complications such as hypertension,
ischemic heart disease, stroke, irregular heart rhythms,
and metabolic disruptions.?

Research findings from a study involving 99
hypertensive patients revealed that 56% of them were
diagnosed with OSA. This findings suggests a link
between the increasing prevalence of OSA and the
emergence of resistant hypertension, which ultimately
affect the severity of OSA itself.> Another cross-
sectional study indicated that the occurrence of resistant
hypertension among individuals with OSA ranges from
60% to 71%." Additionally, a separate investigation
highlighted a higher percentage of hypertension in
severe OSA cases, around 53%, compared to moderate
OSA at 46%. Unfortunately, 30-50% of OSA patients
tend to ignore the presence of hypertension, despite the
fact that the risk of developing resistant hypertension is
around 83%.”

Research spanning the last 30 years reveals a
failure to improve awareness, treatment, and control
rates for blood pressure treatment targets. Resistant
hypertension, which frequently requires three or more
antihypertensive medications or four simultaneously,
is associated with OSA complications, including upper
airway function failure, hypoxemia, hypercapnia, and
negative  intrathoracic  pressure  development.’®
Epidemiologically, resistant hypertension affects 12-
15% of the global hypertensive population, varying by
gender and age.’

Adopting a healthy lifestyle in addition to
pharmacological and non-pharmacological treatments
can lessen the severity of OSA with hypertension and
avoid recurrence. The use of specific antihypertensive
medications for OSA is based on limited clinical
evidence. However, drugs inhibiting the sympathetic
nervous and Renin-angiotensin aldosterone systems
show potential in lowering excessive aldosterone in
OSA.®  Non-pharmacological treatment can be
administered using positive airway pressure as the gold
standard or other alternative methods, such as behavioral
interventions, negative pressure interventions, and
surgical procedures.” Studies evaluating CPAP therapy
for OSA and resistant hypertension offer varying
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opinions on its efficacy in reducing cardiovascular
disease risk.® As a result, more comprehensive
research is needed to understand CPAP's specific
impact on blood pressure, which is crucial in most
cardiovascular cases.

OBJECTIVE

This analysis study was intended to determine
and compare the effectiveness of CPAP therapy to the
use of antihypertensive drugs alone for patients with
OSA and resistant hypertension.

METHODS

a. Selection and Screening

This review selection used the PRISMA
flowchart sourced from PubMed, Scopus, Science
Direct, and ClicicalTrial.gov, with Boolean operators
(AND/OR/NOT) and review adjustments according to
MeSH.

b. Eligibility Criteria

The inclusions chosen for this study were: i)
studies using RCT methods, ii) study populations
consisting of adult OSA and resistant hypertension
patients, iii) studies comparing CPAP therapy to the
use of conventional drugs alone according to
indications, iv) full text literature, and v) studies that
provide results on the effect of CPAP therapy for
patients with OSA and resistant hypertension.

c. Data Quality Analysis

Study quality was assessed using Risk of Bias 2
(RoB2), which has five main domains and a low risk
of bias assessment category for all studies.

d. Data Analysis

Data extraction was first collected in Microsoft
Excel format and then entered into analysis via the
RevMan website version 5.4 with the fixed effect
model used in the study, and the heterogeneity was
calculated and presented by 12 Meanwhile, the
outcomes are described according to the respective
results, with the assessment category being significant
for (p < 0.05) or not (p > 0.05).

RESULTS

The study was determined using the PRISMA
flowchart in Figure 1 and obtained through 4 databases
totaling 1,649 journals. The studies were then filtered
based on the inclusion criteria, and small groupings
were created so that five studies were used in the
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journals used in this research. Furthermore, assess the
quality of the study done with a risk of bias of 2, and

Table 1 displays the

all studies performed the assessment results with low
risk of bias.

Identification of studies via databases and registers

—
Records identified from*
§ PubMed (n = 157) F:ooord_’s,gremoved before
gh“t\:)c:slﬂr':al%%vg;n =0 d Duplicate records removed
Science Direct (n = 1.126) (n=61)
|
Records screened »| Records excluded**
(n = 1.588) (n =1.539)
Reports sought for retrieval Reports not retrieved
2| | (h=49) " (n=3)
3 v
Reports assessed for eligibility Reports excluded:
(n=48) > Not randomized controlled
trial (n =27 )
Secondary analysis (n=2)
Inappropiate intervention
(n=12)
—
E— v
Studies included in review
(n=5)
Reports of included studies
(n=5)
—/

Figure 1. PRISMA flowchart

study characteristics,

including the author's name, the year of publication,
the country of origin, the length of study, the number
of participants

conventional

Table 1. Study characteristics meta-analysis

receiving CPAP

therapy and

medicine, the course mean Apnea-

Hypopnea Index (AHI), the mean 24-BP, the CPAP
compliance, etc. The study was conducted for three
months with CPAP compliance >4 hours/night. In
contrast, others observed compliance >4 hours/night
for six months.

Participant

Mean 24-h SBP Mean 24-h Mean AHI

Studies i;:idi Country E(’r‘:\’(')":]tt'ﬁ)” Comparison (CPAP/ BMI PR (CPAP/ DBP (CPAP/  (CPAP/
Y Control) P Control) Control) Control)
Muxfeldt Rio de
. CPAP + 127(16) 44(24) 1 75(11)
etal. RCT  Janeiro, 6 drugeldrugs 106(46/60)  33.4(5.3) 130018 75(11) 176(12) 3918) 176012)
2015 Brazil
Lloberes Barcelona,
etal. RCT Sonin " 3months  CPAP+drugs/drugs  56(27/29) 314249 56+15 139.2 + 11 5% 83 +11.1* 50 + 20.3*
2014 P
Martinez- oo ool valencia 144.9(11.7)/1435 83.4(11.1)/82.6  41.3(18.7)/
(;Iraggalit RCT Spain 3months  CPAP+drugs/drugs 194 (98/96)  34.1(5.4) 5(1.9) (13.2) (10) 39.5(19.2)
Pedrosa ~
etal. rer % Pa‘.‘lk" 6months  CPAP+drugs/drugs  35(19/16)  32(28-39)  6.01+0.20  163+4/161+7  97+3/96+3 /36(24'51)
2013 Brazi 28(22-38)
Lozano 59.79+£19.71
etal. P;rg'?" Bagc‘;'i‘;na' m03n ihs  CPAPrdrugsdrugs  41(20/21) 3085 5.6+ 152 lllsz%sﬁigg 67 f19665/75'4 /
2010 P AL +40- 46.78+21.43

Note: *Numerical values use true-hypertension based on study.
Numbers between brackets shown the number of populations for each category.
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The analysis is displayed on a forest plot with a fixed
effect model, which is then divided into systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
result groups. The diurnal SBP results were shown in
Figure 2. The result was -1.95 mmHg (95% CI: -4.78
to 0.88), 1 = 25%, p > 0.18.
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On the other hand, for diurnal DBP, as shown in
Figure 3, the results were -1.72 mmHg (95% CI: -3.96
to 0.53), I = 0%, p > 0.13. The analysis revealed no
significant results in CPAP therapy used at night in
terms of its effectiveness on the patient’s condition
during the day.

CPAP Control Mean difference Mean difference
Study or Subgroup Mean SD Total  Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lioberes et al., 2014 1378 133 27 1419 159 29 13.7% -4.10[-11.76, 3.56]
Lozano et al., 2010 133 134 20 140 14 21 114% -7.00(-1539,139]
Martinez-Gracia et al,, 2014 144 147 98 1425 162 96 423% 1.50[-2.86,5.86) -
Muxfeldt et al., 2015 1305 16.1 46 1326 16.7 60 203% -210[-8.39,4.19)
Pedrosa et al 2013 1419 143 19 1484 10 16 123% -6.50[-14.58,158] ¢t
Total (95% CI) 210 222 100.0% -1.95(4.78,0.88] ——-—
Heterogeneity: Chi* = 5,32, df = 4 (P = 0.26); I = 25% |
Test for overall effect: Z = 1.35 (P = 0.18) 3 2 0 2 4

Favours [experimental] Favours [controi]

Figure 2. Diurnal SBP Meta-analysis

CPAP Control Mean difference Mean difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Fixed, 95% CI| IV, Fixed, 95% CI
Lioberes et al., 2014 80.1 9.9 27 839 142 29 124% -380[-10.18,258] ¢
Lozano et al., 2010 788 9 20 824 1" 21 133% -360[9.74,254) e
Martinez-Gracia et al. 2014 827 125 98 83.2 13.2 96 384% -050[4.12,3.12) _—-——
Muxfeldt et al., 2015 76.6 109 46 7 124 60 254% -040[4.85,405)
Pedrosa et al ,2013 809 17 19 854 92 16 105% 450[-1143,243] 4ot
Total (95% Ci) 210 222 100.0% -1.72[-3.96,0.53) e
Heterogeneity: Chi* =216, df =4 (P=0.71), "= 0%
Test for overall effect: Z = 1.50 (P = 0.13) 4 2 0 2 4

Favours [experimental]

Figure 3. Diurnal DBP Meta-analysis

Favours [control]

Then, another analysis was carried out on
nocturnal blood pressure. In Figure 4, the results for
SBP were -3.89 mmHg (95% CI: -7.03 to -0.76), I> =
0%, p < 0.02. Figure 5 displays DBP results of -2.34

mmHg (95% CI: -4.70 to 0.02), 1> = 18%, p < 0.05.
Both showed significant results regarding the effects
of CPAP therapy on nocturnal blood pressure.

CPAP Control Mean difference Mean difference
Study or Subgroup Mean sD Total  Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lioberes et ai., 2014 1245 124 27 1336 198 29 13.3% -9.10[-17.69,-051) oo
Lozano et al., 2010 122 ns 20 1291 16 21 136% -710[-1560,140) e}
Martinez-Gracia et al. 2014 1346 164 98 1378 194 96 384% -320([-8.26,1.86) — e,
Muxfeidt et al., 2015 1204 179 46 1234 16.2 60 226% -300[960,360)
Pedrosa et al 2013 1378 15.2 19 136.2 12 16 121% 160[-7.42,1062)
Total (95% CI) 210 222 100.0% -3.89 [-7.03, -0.76) B
Heterogeneity: Chi* = 353, df =4 (P = 047). " = 0%

Test for overall eflfect Z = 2.43 (P = 0.02)

10 -5 0 5 10
Favours [experimental] Favours [control]

Figure 4. Nocturnal SBP Meta-analysis
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CPAP Control Mean difference Mean difference
Study or Subgroup Mean sD Total  Mean sD Total Welight [V, Fixed, 95% CI IV, Fixed, 95% CI
Lioberes ot al,, 2014 69.1 1.7 27 771 181 29 10.7% -8.00[-1520,-080) -
Lozano et al., 2010 68.5 83 20 748 16 21 93% -6.30[-14.05,145] .
Martinez-Gracia et al. 2014 754 1"y 98 775 135 96 439% -210[-566,146) . - ‘
Muxfeidt et al., 2015 69.8 121 46 70 1ny 60 265% -0.20[4.78,4.38) _—.
Pedrosa etal 2013 76.2 "7 19 754 1.2 16 96% 080[6.80,840) !
Total (95% CI) 210 222 100.0% -2.34[-4.70,0.02] -"

Heterogeneity: Chi* = 4 89, df = 4 (P = 0.30); I* = 18%
Test for overall effect Z = 1.94 (P = 0.05)

ko Q. O 2
Favours [experimental] Favours [control]

Figure 5. Nocturnal DBP Meta-analysis

Finally, overall analysis was carried out to get a
24-hour picture of the effect; SBP in Figure 6 shows -
2.97 mmHg (95% CI: -5.88 to -0.06), 1> = 0%, p <
0.05. Then, DBP in Figure 7 shows -2.39 mmHg (95%

Cl: -4.62 to -0.16), 1 = 0%, p < 0.04. In other words,
the overall results 24-hours blood pressure was
significantly affected by CPAP, use in OSA patients
with resistant hypertension.

CPAP Control Mean difference Mean difference
Study or Subgroup Moan sD Total  Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lioberes et al., 2014 1378 133 27 1419 159 29 1A% QI0[11.76,356] et —
Lozano et al., 2010 130.2 n 20 1365 138 21 146% -630[-13982,132] +—-t—
Martinez-Gracla et al_ 2014 140.2 131 98 1423 171 96 459% -210[-6.39,.2.19 +— @9 —oAt——
Muxfeidt et al., 2015 1275 159 46 1301 16.7 60 21.7% -260([-8.84,3.64]
Pedrosa et al ,,2013 163 174 19 161 28 16 34% 200[-13.79,.17.79] « —— .
Total (95% CI) 210 222 100.0% -2.97[-5.88,-0.06) -
Heterogeneity: Chi* = 1.37, df = 4 (P = 0.85); I"= 0%

+ . +

Test for overall effect: Z = 2.00 (P = 0.05)

4 2 0 2 a4
Favours [experimental] Favours [control]

Figure 6. 24-Hours SBP Meta-analysis

CPAP Control Mean difference Mean difference
Study or Subgroup Mean SO Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Lioberes et al., 2014 764 9.1 27 816 15 29 M9% -520[-1165,125) +—o
Lozano et al., 2010 752 86 20 79.8 122 21 120% 460[-11.04 ,184) oo ——— L
Martinez-Gracia ot al. 2014 795 15 98 821 127 96 426% -260[601,081] o+ o L
Muxfeidt et al., 2015 745 109 456 75.2 1ns 60 263% -070|-504,364] .
Pedrosa et al 2013 97 131 19 96 12 16 72% 1.00-732,9.32] - 4— +
Total (95% C1) 210 222 100.0% -2.39 [4.62, -0.16) = .

Heterogeneity: Chi* = 242, df = 4 (P = 0.66), I" = 0%
Test for overall effect: Z = 2.10 (P = 0.04)

-4 -2 2 @
Favours [experimental] Favours [control]

Figure 7. 24-Hours DBP Meta-analysis

DISCUSSION

This group of patients with OSA and resistant
hypertension is characterized as severe AHI (=30) and
uncontrolled blood pressure (>140/90 mmHg)."**? In
this meta-analysis, the mechanism of CPAP therapy
for patients with OSA and resistant hypertension is
given for 5.4 hours/night with a period of 3 to 6
months through these categories. According to the
American Thoracic Society's recommendations, CPAP
compliance should be maintained for a minimum of 4
hours per night for 70% of the time and at least a 3-

month period.”® However, studies from Thailand
suggest that better results with CPAP therapy can be
achieved with a compliance of at least 6 hours per
night; in addition, other factors affecting compliance,
such as long-term usage, age, patient habits, and
accompanying comorbidities, should be considered.**
The relationship between CPAP adherence and
therapy duration influences CPAP  therapy’s
effectiveness as a treatment for OSA and resistant
hypertension patients. Long-term and continuous
CPAP treatment can effectively lower blood pressure.
However, data suggest that around 30-80% of OSA
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patients who use CPAP for 4 hours/night have a low
level of compliance, while compliance is still higher in
the severe category.” Low compliance shows that the
relationship between duration and effectiveness is also
decreasing. CPAP treatment significantly reduces 24-
hour diastolic and systolic blood pressure; if CPAP use
exceeds the median duration, use >4 hours/night.

CPAP therapy compliance is also affected by the
severity of OSA, which can be found using the AHI,
Body Mass Index (BMI), and Epworth Sleepiness
Scale (ESS) among populations who are more likely to
develop OSA. This means that the severity of OSA
can have an impact on hypertension treatment.”> The
effect of CPAP therapy on administration compliance,
duration (long term), and severity of OSA influence
the effectiveness of outcomes for patients with OSA
and resistant hypertension. Therefore, CPAP therapy
can be given and effectively reduces 24-ho BP,
especially at night, while considering additional
factors, such as compliance with the duration of use of
>4 hours/night for patients with OSA and resistant
hypertension.

All of them have their advantages and
disadvantages. CPAP does indeed have an impact on
individuals with moderate to severe OSA, including
lowering blood pressure in patients with resistant
hypertension. However, the most frequently reported
side effects affecting therapy compliance are patients'
complaints, such as dry mouth, congested nose, and
frequent nighttime awakenings due to mask pressure
or leakage.”® CPAP wuse can sometimes cause
cerebrospinal fluid to leak because it affects
intracranial pressure, especially after surgery or in
other situations, like aerophagy, which can make
gastroesophageal reflux disease worse.'” Nevertheless,
the emergence of CPAP side effects ultimately
depends on the individual. This statement is deduced
from the data obtained on long-term side effects,
which surprisingly are unrelated to equipment leakage,
the primary cause in many cases.®

The benefits of administering CPAP therapy can
also help Indonesian society reduce the incidence of
OSAS among hypertensive patients. Survey results
indicate that approximately 64% of Indonesians suffer
from hypertension.’* A study conducted in Depok,
Indonesia, revealed that those at risk of OSA had
57.3% higher rates of hypertension than those who
were not at risk.”’ This statistic underscores the
importance of considering CPAP therapy, which has
been shown to lower blood pressure by 2-3 mmHg.
However, there is still a need to assess CPAP therapy
duration and compliance, particularly among patients
with OSA and resistant hypertension. Therefore,
providing positive airway pressure therapy to OSA
and hypertension patients in Indonesia could be a
viable solution, considering the ease of equipment use
and the availability in the country.

AKSONA, Volume 4 Number 2, July 2024: 107-113

CONCLUSION

In conclusion, CPAP therapy, as an additional
treatment with antihypertensive drugs for patients with
OSA and resistant hypertension, significantly
influences the reduction of blood pressure over 24
hours, including nocturnal BP. CPAP therapy is also
effective when used for at least >4 hours/night, so it
can be regarded as supportive treatment for patients
with OSA and resistant hypertension. Further research
on providing CPAP therapy to patients with OSA and
resistant hypertension should be conducted with a
longer observation period.
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