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Study Objectives: Obstructive sleep apnea syndrome 
(OSAS) is associated with impairment of cognitive function, 
and improvement is often noted with treatment. Golf is a sport 
that requires a range of cognitive skills. We evaluated the 
impact of nasal positive airway pressure (PAP) therapy on the 
handicap index (HI) of golfers with OSAS.
Methods: Golfers underwent a nocturnal polysomnogram 
(NPSG) to determine whether they had signifi cant OSAS 
(respiratory disturbance index > 15). Twelve subjects with 
a positive NPSG were treated with PAP. HI, an Epworth 
Sleepiness Scale (ESS), and sleep questionnaire (SQ) were 
submitted upon study entry. After 20 rounds of golf on PAP 
treatment, the HI was recalculated, and the questionnaires 
were repeated. A matched control group composed of 
non-OSAS subjects was studied to assess the impact of the 
study construct on HI, ESS, and SQ. Statistical comparisons 
between pre- and post-PAP treatment were calculated.
Results: The control subjects demonstrated no signifi cant 
change in HI, ESS, or SQ during this study, while the OSAS 

group demonstrated a signifi cant drop in average HI (11.3%, 
p = 0.01), ESS, (p = 0.01), and SQ (p = 0.003). Among the more 
skilled golfers (defi ned as HI ≤ 12), the average HI dropped 
by an even greater degree (31.5%). Average utilization of PAP 
was 91.4% based on data card reporting.
Conclusions: Treatment of OSAS with PAP enhanced 
performance in golfers with this condition. Treatment 
adherence was unusually high in this study. Non-medical 
performance improvement may be a strong motivator for 
selected subjects with OSAS to seek treatment and maximize 
adherence.
Keywords. Golf, golf handicap, obstructive sleep apnea, 
nasal positive airway pressure
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Obstructive sleep apnea syndrome (OSAS) is characterized 
by repeated episodes of airway obstruction during sleep, 

often leading to symptoms such as daytime sleepiness. The 
severity of this condition is typically determined by factors that 
include the frequency of the respiratory disturbances (respi-
ratory disturbance index, or RDI, which is comprised of the 
average number of apneas, hypopneas, and respiratory event-
related arousals per hour of sleep), often associated oxygen 
desaturation, and overall negative impact on restorative sleep 
and sleep continuity. Optimum treatment of moderate to severe 
OSAS (RDI > 15) usually incorporates nasal positive airway 
pressure (PAP).1

OSAS is a risk factor for hypertension, cardiac disease, 
stroke, and death.1-3 It also has negative effects on neurocogni-
tive performance, including memory, concentration, and exec-
utive function.1,4-8 Regular use of PAP reduces the frequency 
of respiratory disturbances and hypoxemia, and improves 
overall sleep quality.9 PAP compliance is typically defi ned as 
a minimum of 4 hours of use per night for at least 70% of the 
nights,9-11 although some studies indicate that the use of PAP for 
6 or more hours per night may be more clearly associated with 
improvement in sleepiness, daily functioning, and memory.12

PAP devices commonly incorporate software that measures and 
records adherence data such as the number of days and dura-
tion that the PAP device is used as well as its effi cacy, allowing 
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for more accurate assessment of success with treatment. The 
impact of treatment on daytime sleepiness can be assessed with 
the Epworth Sleepiness Scale (ESS), a validated questionnaire 
that can be administered before and after starting PAP therapy 
to measure changes in daytime sleepiness.13

There is confl icting evidence regarding the effect of PAP 
treatment on the neurocognitive defi cits associated with OSAS, 
ranging from signifi cant benefi ts to no improvement.14-16

In these studies the severity of OSAS, the degree of cogni-
tive impairment, the optimal length of PAP treatment, and 
the specifi c areas of cognitive improvement vary, making 

BRIEF SUMMARY
Current Knowledge/Study Rationale: OSAS is an extraordinarily prev-
alent medical condition, and there is strong evidence that successful 
treatment with CPAP positively impacts quality-of-life and many associ-
ated morbidities. Achieving high rates of treatment adherence remains 
challenging, and we felt that investigating the impact that CPAP had on 
a real-life outcome that has not previously been assessed, golf perfor-
mance, could offer a unique insight into the potential benefi ts of therapy.
Study Impact: Demonstrating that CPAP treatment improves golf per-
formance may serve as a motivator for selected patients to seek and 
accept therapy for OSAS when they might otherwise remain untreated. 
Future studies investigating the benefi cial impact that treatment of OSAS 
and other medical conditions has on day-to-day acitivites may help us in 
our efforts to reach more patients successfully.



1238Journal of Clinical Sleep Medicine, Vol. 9, No. 12, 2013

ML Benton and NS Friedman

meaningful interpretation of the data difficult. The impact of 
OSAS and its treatment has been extensively investigated with 
regard to motor vehicle accidents, medical risks, and academic 
performance in children.2,3,9,17 Surprisingly, a relative paucity of 
data has been published regarding the impact of this condition 
on athletic and recreational performance.

Golf is an internationally popular sport in which perfor-
mance is largely dependent on physical and cognitive factors, 
including concentration, endurance, decision-making and mood 
control, along with hand-eye coordination and the athleticism of 
the participant.18 In this study we used the individual subjects’ 
handicap index (HI) to measure changes in their golf perfor-
mance. The HI can be used to measure an individual golfer’s 
skill, and it can be used to allow golfers of differing skill levels 
to compete with each other adjusting for differing skill levels.

In the United States, most avid golfers are adult males, 
40-70 years old, which coincides with the population most 
likely to have OSAS.1,19 The United States Golf Association 
(USGA) defines an avid golfer as someone who plays 25 or 
more rounds of golf per year, and most surveys indicate that 
approximately 80% of avid golfers are male. The aim of this 
study was to assess the impact of PAP treatment on the neuro-
cognitive and motor functions, stratified by their playing ability, 
of avid amateur golfers with moderate-to-severe OSAS. Given 
the known benefits of PAP therapy to OSAS patients, we 
expected all golfers to experience an improvement in their HI 
over the course of this study.

METHODS

Patient Selection
Patients were considered for candidacy for the treatment 

group of this study if they played ≥ 20 rounds of golf per 
year, had undergone an NPSG that demonstrated an RDI > 15, 
and had never been successfully treated for OSAS. Between 
April 2007 and August 2008, a total of 24 participants were 
enrolled for and completed this study: 12 participants were 
identified with moderately severe or worse OSAS (RDI > 15; 
Table 1). Twelve subjects who were matched for age and HI 

(Table 2) were selected as non-OSAS control subjects. All of 
the control subjects had either undergone an NPSG demon-
strating a RDI < 15 or were felt to be at very low risk for OSAS 
based on a detailed evaluation by a board-certified sleep physi-
cian prior to their enrollment in the study. The original study 
design called for 2 control groups, with one group assessed 
to be at low risk for OSAS, and another group documented 
to have OSAS but refusing therapy or non-adherent with PAP 
treatment. The second control group never materialized, as all 
OSAS patients enrolled in this study were very compliant with 
their PAP therapy for the duration of the study. Most partici-
pants for this study were recruited directly from a busy sleep 
practice in a non-randomized fashion, with some individuals 
responding to flyers sent to local golf clubs and/or a news-
paper article that was published during the enrollment period. 
All services were provided using standard outpatient treatment 
protocols. Billing for all services and equipment was done 
through healthcare insurance, and no stipends or other induce-
ments were provided for study participation. The Atlantic 
Health Institutional Review Board approved this study, and all 
subjects signed an informed consent form at the time of their 
entry into this study.

NPSG
Each study consisted of a complete NPSG with a digital 

sleep system using the international 10-20 electrode placement 
for recording EEG, EOG, EMG from the chin, ECG, respira-
tory effort, oximetry, body position, airflow, snoring, and limb 
movement. During PAP titration studies standard algorithms 
were utilized to guide changes made in pressure level and 
modality. Studies were manually scored by a registered sleep 
technologist and then interpreted by a board-certified sleep 
physician.

Study Design
After the subjects signed informed consent, all participants 

were emailed the initial set of questionnaires. These question-
naires contained queries regarding medical and golf demo-
graphics, the ESS, a sleep questionnaire (SQ) developed by 
the authors to assess sleep-related quality-of-life in an online 

Table 2—Descriptive statistics for variables in OSAS and control groups
 OSAS group (n = 12) Control group (n = 12)
 Mean Median SD Mean Median SD
Age (years) 55.6 53.5 9.2 55.1 55.5 7.9
Body mass index (kg/m2) 29.9 30.0 3.1 25.8 26.6 2.8
Initial handicap index 12.4 12.9 3.1 12.2 11.7 4.7

Table 1—Descriptive statistics for clinical variables among OSAS group (n = 12)
Mean Median Min Max SD

Apnea-hypopnea index (AHI) 49.8 52.8 11.7 96.0 26.6
Respiratory disturbance index (RDI) 54.1 56.5 25.2 96.0 22.3
% night with SpO2 < 90% 15.7 3.8 0.0 70.0 25.0
Arousal index (events/h) 39.6 34.9 17.9 76.0 17.0
PAP use (% nights > 4 h) 91.4 93.7 74.1 100.0 8.2
Average time of PAP use (h/night) 6.3 6.8 4.4 7.4 1.1
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format, a golf questionnaire (GQ) developed by the authors to 
assess subjective assessment of golf performance, and a golf 
score template to allow score and other relevant data entry of 
the first 20 rounds played after treatment initiation. Participants 
from the OSAS group were titrated onto PAP per Sleep Lab 
protocol, and received all sleep care under the direct supervi-
sion of a board-certified sleep physician. They were seen by the 
sleep specialist at the time of treatment initiation, 4-6 weeks 
into treatment, and again 3-6 months afterwards. During each 
visit subsequent to the initiation of PAP, data card download 
was acquired when available, and treatment adherence was 
monitored throughout the duration of their participation in the 
study. After a total of 20 golf scores were submitted, subjects 
again completed the ESS, SQ, and GQ.

In order to participate in this study, each individual was 
required to maintain a handicap with the Golf Handicap and 
Information Network (GHIN), which is a service of the USGA 
that calculates and maintains golfer handicaps. The HI is a 
very complex and specific arithmetic formula that estimates 
how many strokes above or below par a golfer is likely to 
score based upon their 10 best scores out of the last 20 rounds 
that they have played. A number of factors are incorporated 
into the calculation: the actual number of strokes the golfer 
reports for each hole of each round that they play, the course 
rating, the slope rating, and other structured adjustments that 
are made to player scores that assure that the handicap index 
reflects playing skill regardless of the actual courses played 
during each round of golf. The course rating of each course 
played is a measure of golf course difficulty for scratch golfers, 
who are skilled golfers likely to score par on each hole played. 
The slope rating of each course that is played is a measure of 
difficulty for each golf course for bogey golfers (one more 
stroke than par per hole) relative to the course rating. Each 
participant’s HI was submitted by them at the time of entry 
into the study, and it was confirmed at the GHIN website. We 
utilized templates during the study to collect relevant infor-
mation from the golfers about each of the 20 rounds that they 
played, including the dates they played and their scores, along 
with the slope rating and course rating of each round they 
played. We used an on-line handicap calculator to determine 
their HI at the end of their participation in the study, and we 

then confirmed that the HI was correct by rechecking their HI 
on the GHIN website after 20 scores had been submitted.

Statistical Analyses
Comparisons between pre- (initial) and post-PAP (final) in 

terms of total score from SQ, ESS, and HI were made using 
the paired t-test for normally distributed differences and the 
nonparametric Wilcoxon signed-rank test for non-normally 
distributed differences. The same statistical comparisons were 
analyzed in a subset sample including subjects with HI ≤ 12. A 
p-value < 0.05 was considered significant.

RESULTS

Subjects
A total of 41 participants, all male, completed consent forms. 

Of that total, 24 participants met the criteria for participation in 
the OSAS group, and 12 of them completed both sets of ques-
tionnaires and submitted 20 consecutive golf scores. There were 
17 subjects who met the criteria for participation in the control 
group, which included undergoing either an NPSG that did not 
demonstrate OSAS or a formal assessment by a board-certified 
sleep physician identifying him as being at very low risk for 
having OSAS. Twelve of those participants completed both sets 
of questionnaires and submitted 20 consecutive golf scores. 
All subjects who dropped out of this study cited the inconve-
nience of filling out the questionnaires or submitting the scores, 
or that they were not playing golf frequently enough to meet 
the 20-score criterion. All subjects completed this study within 
6 months or less of enrollment without seasonal breaks. Three 
of the 12 golfers in the control group and 2 of the 12 golfers in 
the OSAS group received golf lessons during their participation 
in this study.

Treatment Outcomes
The 12 control subjects demonstrated no change in HI, ESS, 

or SQ throughout their participation in this study (Table 3B, 4B, 
Figure 1). The active treatment group demonstrated a signifi-
cant drop in average HI (12.4 ± 3.5 to 11.0 ± 4.7; p = 0.01), 
average ESS (11.8 ± 6.6 to 5.5 ± 3.6; p = 0.01), and average 

Table 3—Paired comparison between initial and final total scores from two questionnaires and handicap index in OSAS group 
(A) and control group (B)

OSAS group (n = 12)
Initial Final

Mean Median SD Mean Median SD p-value
Sleep questionnaire (SQ) 14.3 11.5 7.5 3.1 2.0 3.1 0.003*
Epworth Sleepiness Scale (ESS) 11.8 9.5 6.6 5.5 5.0 3.6 0.010*
Handicap index (HI) 12.4 12.9 3.5 11.0 12.4 4.7 0.010*

Control group (n = 12)
Initial Final

Mean Median SD Mean Median SD p-value
Sleep questionnaire (SQ) 4.1 3.5 3.2 3.6 1.5 3.6 0.339
Epworth Sleepiness Scale (ESS) 4.8 4.0 3.0 4.6 3.5 3.1 0.723
Handicap index (HI) 12.2 11.7 4.7 12.6 11.8 4.3 0.119

*Statistically significant.

A

B
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SQ (14.3 ± 7.5 to 3.1 ± 3.1; p = 0.003) (Table 3A, Figure 1). 
Among the better golfers (HI ≤ 12), the average HI dropped 
from 9.2 ± 2.9 to 6.3 ± 3.0 (p < 0.001) and the average SQ from 
10.8 ± 1.9 to 2.8 ± 2.6 (p = 0.004). The average ESS among 
these golfers did not drop significantly (Table 4A, Figure 2).

Treatment Adherence
Of the 12 subjects with OSAS, digital compliance reporting 

was obtained from 9 subjects. The remaining 3 participants 
had PAP devices that did not include digital compliance soft-
ware, and they all reported 100% compliance with treatment. 
However, this data was not included in compliance calcula-
tions. Throughout the duration of their participation in the 

study, the average utilization of PAP was 91.4% of the nights, 
for an average of 6.3 h per night, as measured by digital compli-
ance reporting (Table 1).

DISCUSSION

Improvements in the ESS and SQ in the OSAS group recon-
firm that with successful treatment, patients enjoy substantial 
reductions in daytime somnolence. The post-treatment ques-
tionnaire scores of our subjects with OSAS were similar to 
those without OSAS (Table 3).

The HI dropped significantly following successful treatment 
of OSAS (Table 3, Figure 1). The majority of improvement was 

Table 4—Subjects with handicap index < 12: paired comparison between initial and final total scores from two questionnaires and 
handicap index in OSAS group (A) and control group (B)

OSAS group (n = 5)
Initial Final

Mean Median SD Mean Median SD p-value
Sleep questionnaire (SQ) 10.8 11.0 1.9 2.8 2.0 2.6 0.004*
Epworth Sleepiness Scale (ESS) 8.6 9.0 5.7 4.8 5.0 5.1 0.280
Handicap index (HI) 9.2 9.1 2.9 6.3 6.5 3.0  < 0.001*

Control group (n = 6)
Initial Final

Mean Median SD Mean Median SD p-value
Sleep questionnaire (SQ) 4.8 3.5 4.2 3.5 1.0 4.3 0.082
Epworth Sleepiness Scale (ESS) 6.2 5.5 3.6 6.0 5.5 3.5 0.842
Handicap index (HI) 8.4 7.9 2.2 9.2 9.3 1.9 0.097

*Statistically significant.
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Figure 2—Comparison of initial and final handicap indexes 
among skilled golfers

Bars represent handicap indexes as reported by all golfers with an initial 
handicap index of 12 or less, both in the OSAS group (n = 5) and in the 
control group (n = 6). Averages ± standard error are shown.
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Figure 1—Comparison of initial and final handicap indexes 
across all subjects

Bars represent handicap indexes as reported by each of the OSAS 
subjects (n = 12) and control subjects (n = 12). Averages ± standard error 
are shown.
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seen in the better golfers (HI < 12; Table 4, Figure 2), with 
the average HI dropping 32% during the first 20 rounds played 
after the initiation of PAP therapy. Many of these golfers were 
in their late 50s and early 60s, at an age when they would be 
more likely to experience an increasing HI due to the age-related 
deterioration of their physical skills. Our findings suggest that 
better golfers have maximized their golf skills, and that the drop 
in their HI concurrent with treatment of their OSAS was due to 
enhanced cognitive functioning. Successful treatment of OSAS, 
therefore, could lead to improved concentration and endurance, 
along with better decision making, all of which are likely to 
improve golf performance and lower the HI. These factors were 
clearly cited by golfers who participated in this study.

It is estimated that over 80% of Americans with OSAS have 
not been diagnosed or effectively treated.20 For most patients with 
significant OSAS, PAP is the most effective modality of treat-
ment.12 Treatment adherence rates with PAP in clinical practice 
have been measured to range between 40% and 70%.10,11 Clini-
cians who treat OSAS devote substantial resources to improving 
patient adherence, often with poor results. These measures 
include the addition of heated tubing and humidification, flex 
technology to reduce peak airway pressures, auto-titrating PAP 
devices, and aggressive management of nasal congestion. The 
effectiveness of these and other interventions are widely debated 
throughout the recent sleep literature.21-25 Most of the newer PAP 
devices incorporate sophisticated compliance and efficacy-
reporting software, with detailed reports routinely available at 
the time of office visits as well as via real-time wireless trans-
mission. Some practitioners have developed and implemented 
comprehensive compliance-enhancement programs with encour-
aging results. Unfortunately, these efforts are time-consuming, 
expensive, and not reimbursed by payers, all of which serves as 
a disincentive to institute programs of this sort.

Avid golfers often go to great lengths to lower their golf 
scores, often channeling vast amounts of time, money, and 
effort into those endeavors.18 Over the last ten years there has 
been a proliferation of programs available to enhance physical 
and/or psychological fitness as a means to improve golf perfor-
mance. Less commonly are those efforts directed in ways that 
could improve their neurocognitive and motor skills. Identi-
fying and treating OSAS in avid golfers allowed us to measure 
the impact of treatment on golf performance, which is a real-life 
outcome that certain patients can relate to.

Treatment adherence was unusually high in our subjects with 
OSAS despite the absence of specific adherence-enhancement 
techniques during this study (Table 2). It is possible that the 
potential for improved golf performance may have served a 
motivational role in increasing treatment compliance. In a 
number of cases, the participants in this study had previously 
refused or failed earlier attempts at treatment with PAP, citing a 
variety of reasons for their unsuccessful experiences.

Major limitations of this study include the small sample size 
and the fact that patients were not enrolled in a randomized 
and blinded fashion. However, the 24 subjects who completed 
this study comprise a representative sampling of avid golfers 
(most commonly defined as middle-aged, male, playing 25 or 
more rounds of golf annually, with handicap indexes ranging 
between 4.9 and 21.4) in the United States. The Epworth 
Sleepiness Scale, a validated questionnaire that is commonly 

used to measure reductions in sleepiness, was used in this 
study. It has been the experience of the authors that when used 
to track treatment response to PAP use in OSAS patients, the 
ESS frequently does not correlate with the clinical assessment 
of the patient’s status. Because of this, we developed a simple 
16-question survey (SQ) that can easily be filled out without 
assistance in an online format, and it contained many of the 
questions that we routinely ask when assessing response to PAP 
treatment in our patients. The answers to the SQ correlated with 
PAP response to a higher degree of statistical significance than 
the ESS did in this study, particularly in the low HI subjects. 
We developed a golf questionnaire in an effort to determine if 
there were specific aspects of playing golf that improved in the 
OSAS subjects with treatment. No statistically significant find-
ings were observed, but it is possible that a modified version of 
that questionnaire might yield valuable insight in a larger study. 
To our knowledge, there are currently no validated question-
naires that investigate the details of playing golf.

The original study design included a second control group 
which was to consist of subjects with OSAS who either declined 
treatment with PAP or were found to be non-adherent with 
therapy during the study period. Due to the small study size 
and the fact that all of the OSAS subjects exceeded compliance 
benchmarks, we were unable to include this control group in 
our data, and this represents another major factor that impacts 
the interpretation of the data derived from this study. In future 
studies, it would also make sense to wait one month after PAP 
therapy has been initiated before assessing the impact of treat-
ment, as many patients need to undergo a period of acclima-
tion and adjustments before the treatment is optimized. Despite 
these limits, we believe our findings are relevant in the context 
of OSAS treatment and have strong clinical implications.

Clinical Implications
This pilot study demonstrated a novel positive treatment 

outcome that some patients may identify as relevant and impor-
tant as it pertains to the decisions that they make related to their 
healthcare. The possibility of improving golf performance may 
have contributed to high rates of adherence with PAP therapy 
in this study. Non-traditional methods of motivation could 
prove successful in convincing patients to seek evaluation for 
and accept treatment of certain medical conditions, in addition 
to improving treatment adherence. Enhanced performance in 
sports, hobbies, social, and professional endeavors should be 
investigated as possible motivators to improve receptiveness to 
and adherence with treatment.26,27 Golf performance, as defined 
by the HI, appears to improve in a number of subjects related 
to treatment of their OSAS. It is possible that other discrete 
aspects of performance enhancement, particularly in work and 
social environments, may be realized when OSA is successfully 
treated. Developing tools to assist in the measurement of perfor-
mance in these areas may facilitate the efforts of providers to 
more actively engage some of their patients in the evaluation 
and treatment process.
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