26 Turk Kardiyol Dern Ars 2020,48(1):26-35 doi: 10.5543/tkda.2019.66247

ORIGINAL ARTICLE

Implications of continuous positive airway pressure on heart rate
variability in patients with obstructive sleep apnea:
Does gender matter?
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kalp hizi degiskenligi lizerine etkisi: Cinsiyetin 6nemi nedir?
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ABSTRACT

Objective: This study was designed to determine the ef-
fectiveness of continuous positive airway pressure (CPAP)
treatment on the improvement of heart rate variability (HRV)
and whether gender plays a role in HRV in patients with mode-
rate to severe obstructive sleep apnea syndrome (OSAS).
Methods: Consecutive patients with recently diagnosed
moderate to severe OSAS underwent continuous synchro-
nized electrocardiographic monitoring and were prospec-
tively considered for inclusion in the study. HRV was ana-
lyzed before starting CPAP therapy and 1 year thereafter.
The effects of CPAP on HRV were evaluated in men and
women separately to ascertain whether there are gender dif-
ferences in the clinical manifestations of OSAS and whether
female HRV responses to CPAP are similar to those of men.
Results: A total of 18 patients (10 men, median age: 56
years) were included in the study. There were no signifi-
cant differences in the baseline clinical characteristics of the
male and female patients. After 1 year of CPAP treatment,
heart rate decreased (p<0.05) and time domain parameters
increased (p<0.05) in both men and women. None of the
frequency domain parameters changed in women (p>0.05),
whereas the high frequency power measured increased
(p<0.05) and the ratio of low frequency to high frequency
decreased (p<0.05) in men after 1 year of CPAP treatment.
The increase in HRV after 1 year of CPAP therapy was sig-
nificantly higher in men than in women (p<0.05).
Conclusion: CPAP therapy reduced enhanced cardiac
sympathetic nerve activity in patients with OSAS assessed
according to HRV. The beneficial effect of long-term CPAP
therapy on HRV was more pronounced in men.

OZET

Amac: Bu calismada, orta ve ciddi obstruktif uyku apne
sendromlu (OUAS) hastalarda surekli pozitif hava yolu ba-
sinci (SPHB) tedavisinin kalp hizi degiskenligini (KHD) iyi-
lestirmedeki etkinligini ve bu etkinlikte cinsiyetin rol oynayip
oynamadigini arastirmayi amagladik.

Yéntemler: Orta ve ciddi OUAS tanisi olan ve diglama kri-
terleri diginda kalan ardisik hastalar ¢alismaya ileriye y6-
nelik olarak dahil edilerek, sirekli senkronize elektrokardi-
yografik inceleme yapildi. SPHB tedavisine baglanmadan
Once ve tedavi baglangicindan bir yil sonraki siirede KHD
analizi yapildi. SPHB’nin, KHD Uzerine olan etkilerinde cin-
siyet farkliligi olup olmadigini incelemek ve SPHB yanitinin
kadin ve erkeklerde farkli olup olmadigini analiz etmek icin
erkek ve kadinlarda ayri ayri degerlendirme yapildi.
Bulgular: Galismaya 18 hasta (10 erkek, ortanca yas 56)
dahil edildi. Erkek ve kadin hastalar arasinda bazal klinik
Ozellikler agisindan anlamli farkhlik yoktu. Bir yilik SPHB
tedavisi sonrasinda hem erkek hem kadinlarda; ortalama
kalp hizinin azaldigi (p<0.05), zaman temelli KHD para-
metrelerinin arttigi (p<0.05) gdzlendi. Bir yillik tedavi son-
rasi kadinlarda frekans temelli KHD parametrelerinde bir
degisiklik gérilmezken (p>0.05); erkeklerde HF'de ylksel-
me (p<0.05), LF/HF oraninda disme (p<0.05) saptandi.
Ayrica, bir yilhlk SPHB tedavisinden sonra KHD'deki ar-
tig, erkeklerde kadinlardan anlaml olarak daha yuksekti
(p<0.05).

Sonuc: SPHB tedavisi OUAS hastalarinda kardiyak sem-
patik aktiviteyi azaltmakta ve KHDyi arttirmaktadir. Uzun
sureli SPHB tedavisinin bu faydal etkileri erkeklerde daha
belirgin olarak ortaya ¢cikmaktadir.
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bstructive sleep apnea syndrome (OSAS) is cha-

racterized by the repetitive narrowing or collapse
of the upper airway during sleep when complete or par-
tial obstruction of the airway causes apnea or hypopnea.
' Previous studies have demonstrated that OSAS is an
independent risk factor for the development of hyper-
tension, coronary artery disease, and arrhythmias.>
Patients with OSAS experience arterial oxygen desat-
uration and chronic intermittent hypoxia-hypercapnia
during sleep that elicit sympathetic overactivity and di-
minished parasympathetic activity to the heart, leading
to hypertension and depressed baroreflex sensitivity,
which affect the interactions between respiratory and
the cardiovascular system. Impairment of cardiac au-
tonomic function, i.e., sympathetic hyperactivity and
diminished parasympathetic activity, in OSAS patients
may cause increased blood pressure and decreased
heart rate variability (HRV), resulting in numerous
cardiovascular diseases.**! Continuous posi-tive air-
way pressure (CPAP) therapy is the gold standard
treatment for patients with OSAS and the current data
suggest that structural and functional changes of the
left and right ventricles are closely associated with the
severity of OSAS and show significant improvement
after CPAP treatment.”!'! HRV is the variation in the
time interval between consecutive heartbeats, and is
the most commonly applied clinical method to evalu-
ate cardiac autonomic function.'? Although previous
studies have demonstrated a decreased HRV in patients
with OSAS B3 the effect of long-term CPAP treatment
on HRV has not been thoroughly studied in these pa-
tients. Moreover, no gender-specific results have been
reported, and it remains unclear whether women’s
responses to CPAP are similar to those of men.

Therefore, the aim of this study was to analyze the
hypothesis that autonomic dysfunction attributed to
OSAS can be characterized by 24-hour Holter moni-
toring and that CPAP treatment has a modulatory
effect on this phenomenon in both men and women.

METHODS

Study design and patient population

Consecutive female and male CPAP-naive patients
with a diagnosis of OSAS who were referred to the
outpatient cardiology clinic for cardiovascular exami-
nation from the outpatient clinic of the respiratory
sleep disorders unit and did not present any of the
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were included inthiS 4 Apnea-hypopnea index
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average of NN intervals

polysomnography
were included. Pa-
tients with an apnea-
hypopnea index (AHI) score of 15-30 were catego-
rized as having moderate OSAS and those with an AHI
score of =30 were categorized as severe OSAS. CPAP
treatment was offered to all patients with an AHI of
=15 and all of these patients who were willing to use
CPAP for at least 1 year were included in the study.
The patients were grouped by gender and evaluated
separately. Data of demographic, clinical, anthropo-
metric, and HRV parameters measured at the start and
end of the study were collected for all of the patients.
The HRV time domain and frequency domain para-
meters of male and female patients at baseline and
after 1 year of CPAP treatment were compared.

Fifty-two patients with OSAS (documented in
the respiratory sleep disorders unit) were evaluated
at baseline within 1 month of beginning CPAP treat-
ment. As this was to be a long-term study, the com-
pliance of patients with CPAP therapy was important.
It has been reported that CPAP treatment compliance
could be demonstrated in the early weeks and pre-
dictable for long-term use.'¥ Therefore, the patients
were re-evaluated 4 weeks after the initiation of CPAP
treatment. They were asked to determine their CPAP
use as hours per night. Only patients who had more
than 5 hours of CPAP use every night were enrolled
in the study. At the end of the follow-up period, 18
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patients with uninterrupted CPAP therapy for at least
5 hours per night during the year were included in the
final study.

Diabetes mellitus was defined as a fasting glucose
of =126 mg/dL, random glucose of =200 mg/dL, or
the use of hypoglycemic medications. The average
of 2 seated blood pressure measurements was used.
Body mass index was calculated as weight divided by
height* and expressed as kg/m?. Individual risk fac-
tors were evaluated and hyperlipidemia was defined
according to the 2016 European Society of Cardio-
logy and the European Atherosclerosis Society Guide-
lines for the Management of Dyslipidaemias.!"! Prior
history of obstructive coronary heart disease was de-
termined systematically using a combination of self-
-report (a history of myocardial infarction, coronary
revascularization, or angiographic evidence of steno-
sis in 1 or more coronary arteries of >50% of the lu-
minal diameter), electrocardiogram results, review of
all available prior medical records, and physician con-
tact. All of the patients underwent a screening with
transthoracic echocardiography during their first ad-
mission to the outpatient cardiology clinic.

The exclusion criteria were pregnancy, atrial fib-
rillation and other cardiac arrhythmias, chronic obs-
tructive or restrictive pulmonary disease, obstructive
coronary artery disease, severe valvular heart disease,
severe kidney or hepatic failure, heart failure with re-
duced ejection fraction, cardiac pacemaker, history of
cerebrovascular disease, psychiatric disorder, cancer,
other sleep disorders, patients previously treated with
CPAP, thyroid or other endocrine diseases such as
diabetes mellitus, and treatment with antiarrhythmic
(beta blockers, calcium channel blockers, and other
antiarrhythmic drugs), anticholinergic, or antidepres-
sant medications. Patients who indicated during fol-
low-up or at the conclusion of 1 year that they had
used the CPAP device for fewer than an average of 5
hours/night, were considered noncompliant with the
CPAP treatment and were excluded from the study.

Polysomnography and continuous positive airway
pressure

The sleep study was performed using a monitored
respiratory polygraph (Smart Sleep System; Medcare
Flaga hf, Reykjavik, Iceland). The recordings were
read manually, based on the definitions of respiratory
events proposed by the American Academy of Sleep

Medicine.!'" The average number of apneas and hy-
popneas per hour was recorded as the AHI. CPAP was
indicated in patients with an AHI score of =15 events/
hour. CPAP therapy was initiated at an empirical pres-
sure of 8 cmH20 for 1 month. Subsequently, when
tolerance to treatment was considered appropriate,
optimal pressure was applied with auto-CPAP titra-
tion (S9 AutoSet; ResMed, San Diego, CA, USA).

Heart rate variability analysis

A standard ambulatory Holter recording system (Cen-
tury Series 2000/3000 Holter monitoring system, ver-
sion 1.32; Biomedical Systems, St. Louis, MO, USA)
was used to conduct an assessment before starting
CPAP treatment, and again after 1 year of treatment.
A 3-channel recorder was used to document the elec-
trocardiographic traces. All of the recordings were
analyzed after manual adjustment of the RR intervals
(RR), the time elapsed between 2 successive R waves
of the QRS signal. During the recordings, the pa-
tients were asked to continue their daily activities and
nightly sleep routine without any special activity. The
HRYV was evaluated using both time domain and fre-
quency domain analysis. The mean heart rate, mean
RR, standard deviation of all normal-to-normal RR
intervals (SDNN), standard deviation of the 5-minute
average of normal-to-normal intervals (SDANN), the
number of pairs of adjacent NN intervals differing
by more than 50 milliseconds in the entire recording
(NN50) divided by the total number of all NN inter-
vals (pNN50), and the square root of the mean of the
sum of the squares of differences between adjacent
NN intervals (rMSSD) were measured in the time do-
main analysis of HRV.

Misclassified drop beats deviating more than 3
SD from the mean normal RR interval of each epoch
were identified, and epochs with >4% of non-normal
RR intervals were excluded from further analysis.
A minimum of 50% analyzable data in the 24-hour
recording was required for analysis. Frequency-do-
main criteria were used to calculate the total power,
average very-low frequency, average low frequency
(LF), average high frequency (HF), and average LF/
HF ratio. Normalized values of HF (nuHF) and LF
(nuLF) bands were recalculated using the formulas
of nuLF=LF/(HF+LF) and nuHF=HF/(HF+LF). The
definitions and the clinical implications are summa-
rized in Table 1.
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Table 1. Definitions of heart rate variability parameters

Variable Units Description
Time domain analysis
RR ms Mean RR interval
SDNN ms Standard deviation of all NN, the intervals between normal R peaks
SDANN ms Standard deviation of the averages of NN intervals in all 5-minute segments of the
entire recording
rMSSD ms The square root of the mean of the sum of the squares of differences between
adjacent NN intervals
NN50 count ms Number of pairs of adjacent NN intervals differing by more than 50 msn in the
entire recording
pNN50 % NN50 count divided by the total number of all NN intervals
Frequency domain analysis
5-minute total power ms? The variance of NN intervals over the temporal segment
VLF ms? Power in very-low frequency range (<0.04 Hz)
LF ms? Power in low frequency range (0.04-0.15 Hz)
HF ms? Power in high frequency range (0.15-0.40 Hz)
LF/HF LF/HF ratio
LF norm n.u. LF/(total power — VLF) X 100 or LF/(LF+HF) X 100
HF norm n.u. HF/(total power — VLF) X 100 or HF/(LF+HF) X 100
Follow-up clinical characteristics. All analyses were performed

All of the patients included in the study were followed
up in the outpatient clinics of cardiology and the res-
piratory sleep disorders unit at 1, 3, 6, and 12 months
to monitor adherence to treatment, review their
general status, and to maintain a record of proto-
col. CPAP treatment was considered adequate when
the system counter registered more than 5 hours
per night. The use of drugs that could potentially
affect HRV or the rate of arrhythmias, such as beta
blockers, betamimetics, and antiarrhythmic agents,
was discouraged during the trial. Adherence to CPAP
therapy during the study was also assessed based on
remote monitoring data.

Statistical analysis

Categorical variables were expressed as counts and
percentages, and were analyzed using a chi-square
test. The Wilcoxon signed-rank test was used to
compare changes in HRV parameters before and af-
ter CPAP treatment. Continuous variables are pre-
sented as median, first quartile and third quartile, or
mean+SD, depending on the distribution of the data.
The Mann-Whitney U test was performed to assess
female and male differences in HRV parameters and

with IBM SPSS Statistics for Windows, Version 21.0
(IBM Corp., Armonk, NY, USA). A 2-sided p value of
<0.05 was considered statistically significant.

RESULTS

The clinical characteristics and physical examina-
tion findings of the study population are described in
Tables 2 and 3. There were no significant differences
in the baseline clinical and demographic characte-
ristics between the male and female patients. Of the
18 patients (10 men, 8 women) who completed the
uninterrupted, 1-year CPAP therapy, the median age
was 56 years and the median body mass index was
30 kg/m?. In all, the body mass index (BMI) of 50%
exceeded the criteria for an obesity diagnosis (>30
kg/m?). Hypertension was present in 50% of the pa-
tients, and 72.2% had dyslipidemia. The median AHI
value recorded for the total study population was 26
per hour. Ten patients (55.6%) were smokers and 5
patients (27.8%) consumed alcohol. There were no
significant differences in the median heart rate, blood
pressure, or BMI values between women and men at
baseline and after 1 year of CPAP treatment.
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Table 2. Baseline clinical characteristics of the study population
Overall (n=18) Male (n=10) Female (n=8) p

Age (years) 56 (49-64) 58 (51-66) 55 (48-63) 0.392
Smoking 10 (55.6) 6 (60.0) 4 (50.0) 0.068
Alcohol use 5(27.8) 3 (30.0) 2 (25.0) 0.424
Body mass index (kg/m?) 30 (27-34) 30 (27-35) 29 (26-33) 0.674
Heart rate (bpm) 73 (65-84) 72 (63-83) 74 (65-85) 0.467
Obesity 9 (50) 5 (50) 4 (50) 0.992
Hypertension 9 (50.0) 5 (50.0) 4 (50.0) 0.999
Hyperlipidemia 13 (72.2) 7 (70.0) 6 (75.0) 0.485
Valve disease (mild or moderate) 8 (44.4) 4 (40.0) 4 (50.0) 0.098
Apnea hypopnea index (events/h) 26 (22-32) 28 (24-35) 24 (20-31) 0.055

Data are given as median, first quartile and third quartile, or number (percentage).

Table 3. Physical examination findings of patients with 1 year of uninterrupted CPAP treatment

Initial data 1 year later
Male Female p Male Female p
Heart rate (bpm) 72 (63—-83) 74 (65-85) 0.467 62 (55—66) 65 (56—69) 0.315
Body mass index (kg/m?) 30 (27-35) 29 (26-33) 0.892 31 (27-36) 30 (27-33) 0.714
Systolic blood pressure (mmHg) 132 (122-143) 128 (123-138) 0.117 130 (119-141) 127 (118-138) 0.103
Diastolic blood pressure (mmHg) 86 (79-95) 83 (78-94) 0.361 84 (75-94) 81 (74-93) 0.295

Data are given as median, first quartile and third quartile. CPAP: Continuous positive airway pressure.

Table 4 provides a comparison of HRV values ob-
tained before and after 1 year of CPAP treatment in
men. There was a significant increase in all time do-
main HRV parameters after long-term CPAP therapy
in male patients with moderate to severe OSAS: RR
(p=0.013), SDNN (p=0.015), SDANN (p=0.018),
rMSSD (p=0.001), and pNN50 (p=0.002). The mean
heart rate significantly decreased after 1 year of treat-
ment (p=0.022). According to frequency domain anal-
ysis, there was a significant increase in HF (p=0.028),
and a significant decrease in the LF/HF ratio (p=0.041)
after 1 year of CPAP therapy.

Table 5 illustrates the comparison of HRV values
in women before and after 1 year of CPAP therapy.
As in the male patients, there was a significant in-
crease in all time domain HRV parameters after
long-term CPAP therapy in the female patients: RR
(p=0.019), SDNN (p=0.016), SDANN (p=0.015),
rMSSD (p=0.003), and pNN50 (p=0.001). The mean
heart rate was significantly decreased in women af-
ter CPAP treatment (p=0.025). There were no signif-

icant differences in the frequency domain analysis in
women.

In brief, heart rate decreased and time domain pa-
rameters increased in both men and in women after 1
year of CPAP treatment. None of the frequency do-
main parameters changed in women; however, the HF
increased and LF/HF rate decreased in men after 1
year of uninterrupted CPAP treatment (Fig. 1).

A comparison of HRV parameters between men
and women at baseline and after 1 year of uninter-
rupted CPAP therapy is provided in Table 6. Although

Heart Rate Frequency Domain Time Domain

Y T

Female V @ *

Figure 1. Alterations in heart rate variability in men and
women after 1 year of continuous positive airway pressure
treatment. HF: High frequency power; LF/HF: Low fre-
quency/high frequency ratio.
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Table 4. Comparison of heart rate variability parameters before and after 1 year of continuous positive airway
pressure treatment in men

Initial data 1 year later p
Mean+SD Mean+SD
Time domain analysis
Heart rate (bpm) 72+5 62+6 0.022
Interval between 2 successive R waves of the QRS signal (ms) 812.1+108.3 979.2+110.6 0.013
Standard deviation of all intervals between normal R peaks (ms) 82.1+26.7 119.5+39.2 0.015
Standard deviation of the 5-minute average of NN intervals (ms) 71.2+21.9 107.6+£37.3 0.018
Square root of the mean of the sum of the squares of successive 38.8+22.4 59.2+23.4 0.001
differences between normal heartbeats (ms)
NN50 count divided by the total number of all NN intervals (%) 9.2+6.6 19.1+10.2 0.002
Frequency domain analysis
Very-low frequency (ms?) 278.1+82 309.9+84.5 0.378
Low frequency (n.u.) 80+15.6 76.2+16.2 0.401
High frequency (n.u.) 24.2+9.6 37.3+13.1 0.028
Low/High frequency 3.2+1.7 21+1.3 0.041

SD: Standard deviation.

Table 5. Comparison of heart rate variability parameters before and after 1 year of continuous positive airway
pressure treatment in women

Initial data 1 year later p
Mean+SD Mean+SD
Time domain analysis
Heart rate (bpm) 7416 65+4 0.025
Interval between 2 successive R waves of the QRS signal (ms) 775.6+89.7 897.3+97.8 0.019
Standard deviation of all intervals between normal R peaks (ms) 76.8+20.4 91.4+29.2 0.016
Standard deviation of the 5-minute average of NN intervals (ms) 66.5+19.4 88.3+27.1 0.015
Square root of the mean of the sum of the squares of successive 34.3+14.7 46.8+20.1 0.003
differences between normal heartbeats (ms)
NN50 count divided by the total number of all NN intervals (%) 8.2+4 1 16.1+£9.5 0.001
Frequency domain analysis
Very-low frequency (ms?) 255.7+87.4 288.1+84.8 0.461
Low frequency (n.u.) 78.7+18.6 75.2+13.1 0.792
High frequency (n.u.) 27.9+12.5 32.8+15.1 0.069
Low/High frequency 3.0+1.8 2.6+1.4 0.150
SD: Standard deviation.
there were no significant differences between men and DISCUSSION

women at baseline, compared with the women, the

men had significantly higher time domain parameters  Qur study results have demonstrated that treatment of
(RR,SDNN, SDANN, rMSSD) and had a significantly ~ moderate to severe OSAS using CPAP decreased heart
lower LF/HF rate after 1 year of CPAP treatment. rate and increased HRV at 1 year in men and women.
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Table 6. Comparison of heart rate variability parameters between men and women at baseline and after 1 year of
uninterrupted continuous positive airway pressure therapy

Initial data 1 year later
Men Women p Men Women p

Time domain analysis

RR (ms) 810 (740-830) 770 (710-806) 0.095 970 (856-1010) 890 (788—940) 0.036

SDNN (ms) 80 (69-90) 75 (64—86) 0.117 118 (88-141) 90 (76-112)  0.041

SDANN (ms) 70 (61-83) 6 (59-77) 0.419 107 (81-128) 87 (73-99) 0.031

rMSSD (ms) 36 (29-41) (26 38) 0.603 57 (41-65) 44 (34-55) 0.026

pNN50 (%) 9 (7-12) 8 (6-10) 0.202 19 (12-24) 16 (11-22) 0.121
Frequency domain analysis

VLF (ms?) 274 (205-320) 255 (196-309) 0.261 303 (218-339) 286 (201-327) 0.101

LF (n.u.) 80 (72-91) 77 (71-88) 0.887 75 (70 -81) 74 (68-80) 0.902

HF (n.u.) 23 (17-29) 26 (18-31) 0.398 37 (25-40) 32 (22-34) 0.053

LF/HF 3.2 (1.6-3.6) 3(1.8-3.3) 0.601 2(1.2-3) 2.5 (1.3-3) 0.043

Data are given as median, first quartile and third quartile. RR: Interval between 2 successive R waves of the QRS signal; SDNN: Standard deviation of all
intervals between normal R peaks; SDANN: Standard deviation of the 5-minute average of NN intervals; rMSSD: Square root of the mean of the sum of the
squares of successive differences between normal heartbeats; pNN50: NN50 count divided by the total number of all NN intervals; VLF: Very-low frequency;

LF: Low frequency; HF: High frequency.

All of the time domain HRV measures significantly
increased both in men and women. While none of the
frequency domain parameters changed in women, HF
increased and LF/HF decreased in men after 1 year of
CPAP treatment. Moreover, the increase in HRV was
significantly higher in men than in women after CPAP
therapy. As HRV is a good indicator of autonomic
nervous system activity, it is likely that CPAP treat-
ment is able to reduce cardiac autonomic dysfunction
in patients with OSAS. The results of our study sug-
gest that this effect is more pronounced in men.

Although multiple studies have evaluated the ef-
fect of CPAP therapy on cardiovascular end points
in patients with OSAS """ very few have analyzed
the impact of CPAP treatment on HRV.?'’! Palma
et al.?!! evaluated 30 patients with OSAS (14 with
moderate and 16 with severe OSAS) and 20 age- and
gender-matched controls in a baseline polysomno-
graphic study after a full night of acute CPAP treat-
ment and after long-term (~2 years) CPAP therapy.
The authors found that the OSAS patients exhibited
an increased LF, decreased HF, and increased LE/HF
ratio during sleep when compared with the controls.
They also demonstrated that acute CPAP therapy de-
creased the LF modulations and the LF/HF ratio, and
increased the HF modulations during sleep in patients

with severe OSAS. Moreover, similar to our study,
long-term CPAP therapy decreased LF modulations
and the LF/HF ratio with increased HF modulations
during sleep in patients with moderate and severe
OSAS. In another single-center study, Kufoy et al.l**!
evaluated 39 patients with severe OSAS (AHI >30)
to determine how HRV in OSAS patients is affected
after acute, very short-term CPAP therapy in a single
night of treatment. The authors reported that short-
term CPAP treatment improved HRV in patients with
severe OSAS. However, in contrast to our study, the
changes were similar in men and women in the basal
and CPAP night measurements, which suggested that
gender does not influence the improvements seen in
autonomic nervous system activity from CPAP treat-
ment. This discrepancy may be explained by the fact
that Kufoy et al. analyzed acute and very short-term
(1 night) effects of CPAP treatment. However, our
study results suggest that the beneficial effects of
long-term (at least 1 year) of CPAP treatment may be
more pronounced in men. Grau et al.’®! prospectively
studied 26 consecutive patients with recently diag-
nosed severe OSAS. The incidence of arrhythmia and
HRYV were analyzed before starting CPAP therapy and
1 year thereafter. This study revealed that CPAP the-
rapy decreased the mean heart rate and only partially
improved HRV exclusively during waking hours, as
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indicated by an increase in LF and HF parameters. In
contrast to our study, none of the time domain para-
meters improved after CPAP, with the single excep-
tion of rMSSD. This may be related to the fact that
23% of the patients were diabetic in the Grau et al.
study, since previous studies have shown that type 2
diabetes mellitus was associated with an overall di-
minished HRV, which can lead to cardiac autonomic
neuropathy. In a recent meta-analysis, a total of 249
patients with OSAS from 11 prospective studies were
analyzed.” The outcome was defined as the change
of spectral HRV parameters of LF, HF, and the LF/
HF ratio with CPAP treatment for at least 1 month.
As in our study, this analysis showed that CPAP
therapy for at least 1 month decreased LF power and
the LF/HF ratio, increased HF power, and provided
improved cardiac autonomic activity.” Nicholl et
al.”®! studied 25 patients with moderate to severe
OSAS before CPAP and after 4 weeks of effective
CPAP therapy. The primary outcome was an evalu-
ation of the association between CPAP treatment and
HRYV and arterial stiffness responses to and recovery
from an angiotensin II challenge. The results of this
study suggested that CPAP therapy was associated
with delayed cardiovagal reactivation after a stressor
and down-regulation of the arterial renin-angiotensin
system in both men and women with OSAS.

The causal link between OSAS and cardiovascular
disease has remained controversial for many years,
but there is now strong evidence that OSAS is an in-
dependent risk factor for cardiovascular disease®” and
that CPAP treatment can improve sleep architecture,
cardiovascular indices, and other comorbidities, such
as metabolic syndrome.?*=!"! Only a few studies have
evaluated the impact of long-term CPAP treatment on
the cardiac sympatho-vagal balance. It is reasonable to
hypothesize that HRV in patients with OSAS may be
different in men and women, as it has been shown that
healthy women have a higher vagal tone than men.**
However, OSAS was described as a disease primar-
ily of men, and gender differences in OSAS have not
been well studied. The role of gender in the outcome
response to CPAP treatment is, therefore, unknown.
Our study revealed a significant increase in all time
domain parameters in men and women. However,
compared with women, HRV values increased more
in men after 1 year of uninterrupted CPAP therapy.
Moreover, according to the frequency domain para-
meters, HF increased and the LF/HF ratio decreased

after 1 year of CPAP treatment in men, which may be
attributed to the normalized breathing pattern in those
patients, since these parameters are strongly depen-
dent on respiration frequency and depth.™!

Our study results suggest that CPAP therapy may
be more beneficial in men than in women, as frequency
domain parameters (HF, LF/HF) improved only in
men and time domain parameters increased more in
men compared with women. Previous studies have
shown that an increase in HF and a decrease in LF/
HF is a marker of cardiac parasympathetic activity;"
thus, long-term CPAP treatment could increase the car-
diac vagal predominance of HRV. Further studies are
needed to evaluate the influence of long-term CPAP
therapy on HRYV, preferably in both women and men.

Study limitations

The major limitation of the present study is the small
number of the patients. As a result, designing a larger
study with more cases could be more informative.
This study was not a randomized analysis of the effect
of CPAP on HRYV, and therefore may not be genera-
lized to all patients with OSAS.

Conclusion

Long-term treatment with CPAP in OSAS patients
reduced the sympathovagal imbalance and increased
parasympathetic modulations to the heart, particularly
in men. Long-term CPAP treatment might have the
potential to reduce the risk for mortality and mor-
bidity in this population, although more studies are
needed to confirm this.
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