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ABSTRACT

Aim and objective: Obstructive sleep apnea (OSA), a prevalent and mostly underdiagnosed chronic condition, has been investigated for its
cardiovascular, metabolic, and neurocognitive consequences in recent times. Intermittent hypoxia, a characteristic feature of OSA, is believed
to play a key role in the pathogenesis of these consequences by inducing systemic as well as organ-specific oxidative stress. Indeed, oxidative
stress has been recognized as a major causative factor of infertility. Provided that OSA provokes oxidative stress, infertility could be envisaged
as a potential consequence in patients with severe OSA. The presence and severity of OSA and its associated risk with systemic comorbidities
like diabetes, hypertension, and stroke were well established. Whereas the presence of OSA and its relationship with infertility remains elusive.
Hence, the study was initiated to evaluate the prevalence of OSA among infertile people attending a tertiary care hospital compared with the
general population of the same age group using two questionnaires—Modified Berlin and STOPBANG.

Materials and methods: A sample of 120 subjects in the reproductive age group with a diagnosis of infertility was screened for the presence
of OSA using two standard questionnaires—STOPBANG and Modified Berlin questionnaire.

Results: The prevalence of high-risk OSA in infertile subjects was 7.5% by Modified Berlin and 15% by STOPBANG questionnaire. Overall predictive
values of the employed questionnaire were fair (ROC area under curve) AUC 0.521 for Modified Berlin and 0.516 for STOPBANG. Multivariate
logistic regression analysis revealed male gender, snoring, body mass index (BMI) >25 kg/m?, and neck circumference >40 cm as significant
risk factors for moderate to severe sleep apnea among infertile subjects.

Conclusion: There is increased OSA risk among infertile people and hence the clinical suspicion of OSA should be increased among infertile
people with the polycystic ovarian syndrome (PCOS), oligozoospermia, hypertension, diabetes, and obesity.

Clinical significance: Identification of OSA risk among infertile people forms a new perspective in the field of reproductive medicine, thereby
helping us to achieve a high success rate in infertility treatment.
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Sleep is a complex neurological state with the restorative and
rejuvenating functions of the body and mind. Sleep and endocrine
system are intricately linked and losing the homeostasis of one, may
exert its deleterious effect on the other and vice versa. Among the
various types of sleep disorders, sleep apnea is gaining attention
inrecent years. Obstructive sleep apnea (OSA) is a chronic disorder,
affecting approximately one-third of the adult population,
characterized by the triad of hypoxia-reoxygenation, intrathoracic
pressure swings, and sleep fragmentation. Obstructive sleep apnea
is often an underestimated condition and it has been reported that
nearly 13% of Indians suffer from OSA, of which medical attention
is sought by only 4%. Also, the incidence of OSA is threefold higher
among men than women.! In Indian studies, OSA prevalence varies
from 4.4 to 19.7% in men and from 2.5 to 7.4% in women.?
Untreated sleep apnea is often associated with high blood
pressure, stroke, obesity, and diabetes mellitus, and hence
the presence of OSA should be screened for better treatment
outcome.® Obstructive sleep apnea is known to negatively influence
the reproductive potential of both the gender as evidenced
from other studies. Torres et al.* were the first to establish that
intermittent hypoxia, a feature of OSA, was associated with local
cyclic desaturation of reproductive tissue, leading to diminished
antioxidant capacity and subsequently resulting in men’s infertility.
In addition, it was also found that 10-60% of OSA subjects develop
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erectile dysfunction, as an effect of endothelial dysfunction signal.’
Obstructive sleep apnea also causes suppression of hypothalamo-
gonadal axis, resulting in men hypogonadism.® In a study by
Hammoud et al., it was recommended to screen for OSA among
men with hypogonadism, erectile dysfunction, and altered sperm
parameters and their reproductive potential could be improved by
treating the modifiable risk factor—sleep apnea.”

Though the association of OSA with sexual dysfunction in
men has been elucidated, studies relating the effects of OSA on
the sexual function of women are meager.? However, it has been
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reported that untreated OSA negatively impacts women'’s sexual
function.’ It has also been observed that obese women with the
polycystic ovarian syndrome (PCOS) often have coexisting OSA."
The risk of OSA among PCOS women could be attributed to high
androgen levels and visceral obesity. Moreover, untreated OSA
is also associated with pregnancy-related complications like
gestational hypertension, gestational diabetes, spontaneous
abortion, and stillbirth. These adverse outcomes might be
attributed to intermittent hypoxia and oxidative stress underlying
OSA leading to endothelial dysfunction."" Though obesity is a
known firm cause of infertility, the effect of obesity on fertility is
confounded to a large extent by OSA, affecting the hormonal profile
and regularity of menstrual cycles in women of childbearing age.'
These studies indicate that OSA can be an emerging risk factor for
infertility. To date, the majority of works have focused on a single
cause of infertility like either erectile dysfunction or PCOS and
OSA. Hence, our study was initiated to find the risk for OSA among
infertile subjects attending a tertiary care hospital in Chennai.

MATERIALS AND METHODS

This cross-sectional study was initiated, after obtaining clearance
from the Institutional ethics committee. The study was conducted
in accordance with the declaration of Helsinki among the infertile
subjects attending the Department of Andrology and Reproductive
Medicine, Chettinad Hospitals and Research Institute. The study
included subjects in the reproductive age group of 25-40 years.
The exclusion criteria included the presence of craniofacial
abnormalities, history of cranial trauma, chronic pulmonary
disease, and recent upper airway surgeries. The sample size of 140
was calculated based on the OSA prevalence in India (9.3%) with
the power of the study being around 80%. Basic anthropometric
measures like height, weight, and vital signs were recorded.
Additionally, some pertinent information related to the study, such
as, type and cause of infertility, were obtained from the subject’s
case sheet after obtaining their due consent. Those infertile subjects
who gave their consent (written) to participate in the study were
explained in detail about the study in their regional language. Our
study had no controls as it was designed as a cross-sectional study to
investigate the prevalence of OSA only in the infertile populations.
After obtaining consent, the OSA screening questionnaire—
STOPBANG was administered along with their spouse. Though
polysomnography is the ideal choice for diagnosing OSA, we chose
for STOPBANG questionnaire as the former is time-consuming,
expensive, and effort demanding. STOPBANG questionnaire has
been validated for use in different populations and patients with
varied medical conditions. This questionnaire has four subjective
and objective components namely snoring, tiredness, observed
apneas, blood pressure, body mass index (BMI), age, gender, and
neck circumference. The total score ranges from 0 to 8. Patients
with a score of 0-2 can be classified as low risk and those with a
score of 5-8 at high risk for moderate to severe OSA, respectively.
The higher the STOPBANG score, the greater is the probability of
moderate and severe sleep apnea. This questionnaire has been
authenticated for screening OSA with a high sensitivity of 98%.!31°

Berlin questionnaire validated for use in the western population
was modified by AIIMS in 2006 for application in the setting of
developing countries. It comprises three categories of questions
related to the presence and severity of snoring, frequency of
daytime sleepiness, and the presence of hypertension. The
response to each question is based on a four-point frequency

scale [0—never, 1—rarely (1-2/month), 2—sometimes (1-2/
week), 3—frequently (3-4/week), 4—always (>4/week)]. High risk
was defined as persistent symptoms (>3 to 4 times/week) in two
or more questions in category 1 and 2 concerned about snoring
and daytime sleepiness, respectively, whereas in category lll, high-
risk OSA was defined as the presence of high blood pressure as
per JNC VI (Joint National Commission on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure) or BMI >25 kg/
m?Z. Subjects qualified as high risk in any two symptom categories
will be considered as high risk for OSA. Those who qualified as high
risk for only one symptom category and those who denied the
presence of persistent symptoms are at low risk of OSA.

The idea of employing two questionnaires in this study is to
distinguish the diagnostic accuracy of the two based on their
sensitivity and positive predictive value (PPV).

Subjects were grouped based on gender and further sub-
classification was done according to infertility causes. Data were
analyzed using SPSS version 21 and p value <0.05 was considered
statistically significant.

STATISTICAL ANALYSIS

Obstructive sleep apnearisk based on the STOPBANG questionnaire
was considered as the primary outcome variable. Socio-
demographic factors, type of infertility, physical parameters like
blood pressure, neck circumference, etc., were considered as
explanatory parameters. Descriptive analysis was done by the mean
and standard deviation for quantitative variables, frequency, and
percentages for categorical variables. The association between
various categorical explanatory variables and OSA categories
was assessed by cross-tabulation and comparison of proportions.
Chi-square test was used to test the statistical significance. The
numerical variables were compared across various OSA categories
by independent sample t-test. p value <0.05 was considered as
statistically significant. IBM SPSS version 21 was used for statistical
analysis.

REesuLTs

Of the total 140 volunteered subjects, only 120 subjects completed
the questionnaire (attrition rate—14.3%). Subjects were grouped
based on gender and further subgrouping was based on the
type of infertility. Among the 120 infertile subjects (60 male and
60 female), primary infertility was found in 96 subjects, while the
remaining 24 had secondary infertility. The mean age of subjects
was 31.78 + 4.76 years. Demographic data of the study participants
were given in Table 1.

The most common cause of infertility was observed to be
oligozoospermia (33.3%) in male and tubal blockage (16.7%) in
female subjects. The distribution of various causes of infertility
among each gender was given below (Figs 1 and 2.)

Table 1: Characteristics of all studied participants

Age (mean = SD) (years) 31.78 £ 4.76
Sex [n (%)]

Male 60 (50)

Female 60 (50)
Body mass index (mean + SD) (kg/mz) 26.58 +4.61
Neck circumference (mean + SD) (cm) 38.67 + 3.9
Systolic blood pressure (mean + SD) (mm Hg) 115.67 +13.08
Diastolic blood pressure (mean + SD) (mm Hg) 73.67 £9.07
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Fig. 1: Distribution of causes of male infertility

Table 2: Comparison of modified Berlin and STOPBANG questionnaire
in screening OSA among infertile subjects

STOPBANG  Modified Berlin
Sensitivity (%) 88.9 88.9
Specificity (%) 784 79
Positive predictive value (%) 91.7 95.8
Negative predictive value (%) 16.7 83
p value <0.001° <0.001°

Both p values are significant < 0.05

High-risk OSA individuals identified by Modified Berlin and
STOPBANG questionnaires were 7.5% (n = 9) and 15% (n = 18),
respectively. Among the high-risk individuals, 28.3% were men
and 3.3% were women.

Though sensitivity of both the questionnaire is equal, specificity
and PPV of Modified Berlin is more compared to STOPBANG
(Table 2). The difference in sensitivity and specificity of the two
questionnaires could be attributed to age, sex, body mass index,
and sample size. The significant difference between PPV and
sensitivity in determining the likelihood of a test diagnosing a
disease is that PPV is dependent on the prevalence of a condition,
whereas sensitivity is not. Hence, the sensitivity of a questionnaire
is more important in diagnosing a condition followed by PPV.

Neck circumference and blood pressure exhibit a statistically
significant difference between high and low risk OSA subjects
screened by Modified Berlin (Table 3).

Height, weight, neck circumference, blood pressure, and age
demonstrate a statistically significant difference among the OSA
risk group screened by STOPBANG (Table 4).

Discussion

Obstructive sleep apnea, because of its associated comorbidities
and under-recognition, poses a major threat to an individual’s
well-being. The significant finding in our study is 15% of infertile
subjects were at high risk for OSA. None of our study participants
were earlier diagnosed with OSA. So, this greater percentage of
OSA risk among infertile subjects reflects a low index of suspicion
of the health hazards of OSA. Also, our study showed a high risk of
OSA among men than women subjects. This could be attributed
to the inherent limitation of the STOPBANG scoring system, as it
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Fig. 2: Distribution of causes of female infertility

Table 3: Comparison of means of anthropometric measures between
high- and low-risk OSA subjects screened by modified Berlin
questionnaire

Mean + SD
Parameters Low risk High risk p value
Height (cm) 160.8 +10.5 165.7 +5 0.177
Weight (kg) 68.3 + 15.2 83.6+ 148 0.005
BMI (kg/m?) 265 +4.7 278+22 0426
Neck circumference (cm)  38.3 +3.8 43+27  0.000
Systolic blood pressure 1143 +£124 1322 +10 0.000?
(mm Hg)
Diastolic blood pressure 73+£9 822 +6.7 0.003?
(mm Hg)
Age (years) 31.7+4.38 327+43  0.562

2Significant < 0.05

Table 4: Comparison of means of anthropometric measures between
high-and low-risk OSA subjects screened by STOPBANG questionnaire

Mean + SD

Parameters Low risk High risk p value
Height (cm) 1573 +94 168.8 +8.2 0.000°
Weight (kg) 64.4+13.3 80.9+17.3 0.000°
BMI (kg/m?) 26.1+4 269+ 3.9 0.296
Neck circumference (cm)  36.8 +3.5 42.1+2.0 0.000°
Systolic blood pressure 111.9+12.8 1244 +12 0.000?
(mm Hg)

Diastolic blood pressure 70.8+8.5 80+7.7 0.000?
(mm Hg)

Age (years) 30.6 +4.7 333 +5.1 0.0012

,
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2Significant < 0.05

gives a point value of 1 to the male gender. So naturally, men tend
to have a higher score than women, despite having other features
in common. Moreover, women are more unlikely to report their
sleep habits and snoring, as they consider it to be a sign of disgrace.

Among the high-risk OSA subjects, most of them had primary
infertility. Regardless of OSA risk too, primary infertility was more
common in our study population than secondary infertility. These
results are in comparison with the study from the urban population
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of Tamil Nadu, which showed 82.4% of primary infertility and 17.52%
of secondary infertility.'®

The possible mechanisms by which OSA may predispose
to infertility could be explained. Obstructive sleep apnea is
characterized by sleep fragmentation, intermittent hypoxia,
and oxidative stress. Sleep fragmentation could result in either
suppression or augmentation of reproductive hormones, thereby
having an impact on successful conception.'”'® Obstructive sleep
apnea is also associated with hyperactivity of hypothalamo-
pituitary-adrenal (HPA) axis, contributing to insulin resistance.”
Insulin resistance is the potential contributing factor to infertility
and early miscarriages,among PCOS women in particular. Oxidative
stress associated with OSA also remains a detrimental factor to
fertility by exerting a negative influence on ovarian function,
implantation, and sperm production. It has been hypothesized that
increased HPA activity, oxidative stress, and elevated sympathetic
activity are detrimental to numerous vital steps in conception.?°
Though the plausible mechanisms of OSA predisposing to infertility
have been explained, there is no concrete evidence for OSA leading
to infertility. The presence of OSA and its severity may have an
influence over infertility and hence screening for OSA among
infertile people may be warranted.

Indeed, a large multicentric study showed a significant
improvement in their intimate and sexual relationship after
continuous positive airway pressure (CPAP) for 3 months.?" It
has also been shown that OSA patients with erectile dysfunction
responded positively to CPAP treatment.?? Though CPAP therapy
has a beneficial effect on sexual dysfunction, its role in normalizing
testosterone levels remains controversial.?® Further CPAP therapy
among OSA subjects resulted in a decrease of elevated prolactin
levels, which could imply PCOS management.2* Obstructive sleep
apnea is also known to affect the quality of sexual life,> and CPAP
therapy yielded a fruitful result in terms of quality of life.'® Hence,
theinstitution of CPAP therapy might help in the reversal of fertility
among infertile subjects with OSA.

By quantifying and qualifying the presence of OSA among
infertile people, clinicians can be sensitized about OSA as a potential
comorbid condition with infertility. Moreover, the institution of OSA
treatment along with other modalities of infertility treatment would
result in enhanced quality of life at the minimum. If this is going to
be the case, OSA treatment may serve to increase the potential for
response to fertility treatment and better reproductive outcomes.

The main limitations of the study are a small sample size
and a lack of confirmatory OSA diagnosis using overnight
polysomnography. Furthermore, there is also a possibility of
subjective bias owing to the nature of the study (questionnaire-
based). The study is also confounded by the effect of obesity which
is a common risk factor for infertility and OSA.

By knowing that OSA risk is greater among infertile people,
future studies could be done as a case-control study with a
large sample size (calculated based on infertility prevalence).
Furthermore, the presence of OSA could also be validated using
overnight polysomnography and the outcome of fertility treatment
assessed independently or in conjunction with treatment for OSA.

CONCLUSION

The overall aspect of the study gives an insight into the OSA risk
among the infertile populations insisting on the importance of
OSA screening in people with infertility. Though identification of
high-risk OSA subjects is relatively easy and cost-effective using

the questionnaire, the results obtained out of it might not be
fruitful as it is associated with subjective bias and the presence
of OSA cannot be confirmed. Hence, our findings raise the need
for adequately powered studies with appropriate adjusting for
confounding variables, large sample size, and polysomnography
to truly ascertain OSA as a risk factor for infertility. Furthermore,
research is needed to elucidate the causal mechanisms linking OSA
and infertility, as a better understanding of the link could lead to
better treatment options.
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ANNEXURE |
Screening Questions

H N~

Do you snore?

Do you feel tired after waking up from sleep?
Do you feel you are obese?

Are you a hypertensive?

ANNEXURE Il
Modified Berlin questionnaire (used at AlIMS, New Delhi)

Category 1

1.

Do you snore?
Yes
No
Don’t know

Your snoring is
Slightly louder than breathing
As loud as talking
Louder than talking
Very loud can be heard in adjacent rooms

How often do you snore?
Nearly every day
3-4 times a week
1-2 times a week
1-2 times a month
Never or nearly never

Has your snoring ever bothered other people?
Yes
No

Has anyone noticed that you quit breathing during your sleep?
If yes, how frequently?

Nearly every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or nearly never

Do you choke while you are sleeping? If yes, how frequently?
Nearly every day
3-4 times a week
1-2 times a week

1-2 times a month
Never or nearly never

Category 2

1.

How often do your feel tired or fatigued after your sleep?
Nearly every day
3-4 times a week
1-2 times a week
1-2 times a month
Never or nearly never

During your wake time do you feel tired, fatigued, or not up to
at par? If yes, how frequently?

Nearly every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or nearly never

Have you ever fallen asleep while waiting in a line to meet your
doctor? If yes, how frequently?

Nearly in all visits

In 3-4 visits

In 1-2 visits

Never or nearly never
Have you ever fallen asleep while watching television at your
home during the daytime? If yes, how frequently?

Nearly every day

3-4 times a week

1-2 times a week

1-2 times a month

Never or nearly never

Have you ever fallen asleep while waiting in a line to pay your
electricity and telephone bills? If yes, how frequently?

Nearly every visit

In 3-4 visits

In 1-2 visits

Never or nearly never

Category 3

1.

Do you have high blood pressure?
Yes
No
Don’t know
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