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ABSTRACT 
Snoring affects not only the bed-partner’s sleep quality, but may also 

cause the break down in the marriage and relationship. Sleepiness, poor 

concentration and irritability affects quality of life, work and productivity. 

Successful treatment of an OSA patient would imply reversing debilitating 

symptoms faced by the patient, including the metabolic and oxidative 

stress that accompanies the disease load/burden. There is widespread 

evidence showing significant discordance between AHI used to denote 

outcomes of therapy and real-world clinical outcomes such as QOL, patient 

perception of disease, cardiovascular measures, disease burden and/or 

survival. It is widely accepted that AHI can vary from night to night, from 

laboratory to laboratory, from various nasal thermistor to pressure 

transducers. Different definitions of hypopnea used in different 

laboratories and software affect AHI values. The reliance on AHI as the 

only outcome measure assessed in clinical research is not in line with many 

other aspects of medicine that are becoming patient-centered as opposed 

to test-centered. Outcome measures of OSA should be based on end-

organs effects rather than only one highly variable parameter, AHI. Too 

much weightage has been given to this single parameter (AHI) that is well 

known for its variability. Patients are concerned and affected by “real 

tangible” issues like loud snoring, daytime sleepiness, uncontrolled 

hypertension, obesity, high glucose levels; these are the effects of OSA as 

a systemic disease affecting end-organs, manifesting as these patient 

related symptoms or complaints. An example of more comprehensive 

outcome parameters would include end-organ effects like the Blood 

Pressure, Gross Weight (BMI), Oxygen Time Spent below 90% (T90), and 

AHI; these were collectively introduced as the Sleep Goal Index. This 

review article will highlight the short-comings of the AHI and illustrate 

holistic outcome measures that better reflect the oxidative stress that affect 

the OSA patient.  
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Introduction 
Obstructive sleep apnoea (OSA) is a common sleep 

disorder that is due to recurrent upper airway collapse 

and obstruction due to a narrow upper airway and 

resulting in hypoxic events during sleep that affects the 

patient’s neuro-cardiovascular system, resulting in strokes, 

heart attacks, arrythmias, and even sudden cardiac 

death. Some studies estimate that 93% of females and 

82% of males with moderate to severe OSA remain 

undiagnosed1,2 Scientific studies have shown strong 

undeniable association between OSA and hypertension3, 

cardiovascular diseases4, and congestive heart failure5. 

Many sleep specialists and cardiologist believe in the 

causative relationship between OSA and cardiovascular 

risk3,4,5.  

 

Traditionally, OSA severity is defined by the number of 

stoppages in breathing per hour during the night; these 

stoppages are quantified as apneas and hypopneas. The 

number of apnoea and hypopnea events per hour (AHI) 

would indicate the severity of OSA, noting that less than 

5 is normal, AHI 5-15 is mild, AHI 15-30 is moderate and 

more than 30 is classified as severe OSA. Moreover, the 

effectiveness of any treatment for OSA has been based 

on a specific arbitrarily proposed 50% reduction of the 

AHI after treatment (compared to pre-treatment AHI) 

and an AHI below 20 (known as the Sher’s success 

criteria)6. 

 

Quantifying the number of stoppages in breathing might 

help to differentiate the OSA severity however, it still 

does not add any better understanding of its effects on 

the damage to the end-organs. Intuitively, it would make 

more clinical sense to measure the apneic effects on the 

end-organs and perhaps utilize these as outcome 

measures as effectiveness of any OSA therapy. Pang et 

al had introduced a comprehensive holistic outcome 

measure known as the Sleep Goal, that has gained great 

interest and much acceptance7.  

 

We review the medical literature on the shortcomings of 

the AHI and illustrate the need for more holistic outcome 

measures while illustrating the reasons for selecting these 

specific end-organ parameters. 

 

Methodology 
We performed a systematic literature search using 

Medline, Google Scholar, Cochrane Library and 

Evidence Based Reviews databases for relevant 

published studies that included OSA and blood pressure, 

OSA and its CPAP effects, OSA and obesity, OSA and 

BMI, upper airway surgery and blood pressure, oxygen 

duration below 90% and OSA, AHI and its reliability, AHI 

definitions and OSA severity, sleep apnea outcome 

measures, Sleep Goal Criteria and sleep apnea results. 

All included studies had to be published in English. All 

articles were evaluated for relevance, thoroughly studied 

and made reference to. This review article will first 

illustrate the inconsistencies and the inaccuracies of the 

AHI, describe the associations of OSA with its respective 

end-organ effects/damage; and finally introduce and 

explain the benefits of the more holistic outcome measure 

Sleep Goal Index.   
 

Discussion 
Most sleep specialists agree that there has been an over-

reliance on this single AHI parameter. Moreover, there is 

consensus that there is a huge discordance between AHI 

used to denote outcomes/success of therapy and real-

world clinical outcomes like, quality of life (QoL), patient 

perception of disease, daytime tiredness, snoring, 

cardiovascular measures (e.g., blood pressure, oxygen 

saturation), and/or survival. There are some inherent 

issues with the AHI that needs to be discussed.  
 

THE LIABLE OR RELIABLE AHI  

1. The overnight in-hospital polysomnogram has its 

limitations. For example, it is resource intensive, it 

requires the need of recording beds which is high cost 

with long waiting lists and intense labour 

requirements. Moreover, sleep specialists recognize 

the likelihood of a low sleep efficiency due to the first 

night-effect, coupled with the patient anxiety and the 

restriction of movements from the abundance of 

monitoring wires. 

2. Night-to-night variability would also affect the AHI 

either pre or post-treatment. Chediak et al8 reported 

that 32% of their patients had a difference of AHI ≥ 

10 in two consecutive nights of PSG. Le Bon et al9 also 

studied 2 consecutive nights of polysomnogram (PSG) 

in 243 OSA patients and showed that 2 nights had 

better sensitivity and specificity for actual AHI 

determination (however, may not be economically 

sound). Levendowski et al10 reported a fairly weak 

correlation (r = 0.44) between overall AHI from the 

two PSG studies conducted approximately 40 days. 

However, Stepnowsky et al11 did show in 1091 

patients that the night-to-night Pearson correlation 

coefficients ranged between 0.88 and 0.90 for each 

pair of nights.  

3. Another strong confounder would be the use of home-

based sleep studies versus the in-laboratory sleep 

tests (level 1 polysomnogram), many articles have 

shown that the in-lab PSG scores higher AHI values 

than the home-based sleep studies12,13. Additionally, 

some authors report pre- and post-treatment sleep 

tests on OSA patients who had sleep tests performed 

at different sleep laboratories or using different 

types of home-based monitors; these are potential 

confounders that would skew the actual treatment 

results.   

4. The fourth and major confounder, and perhaps the 

most common and widely debated factor, is the use 
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of different hypopnea definitions in different 

laboratory systems, and in addition, the use of 

different monitoring equipment (for example, the use 

of nasal thermistors versus the use of nasal airflow 

pressure sensors, different oximeters might affect the 

results too)14. Some studies have reported that the 

depth of desaturation varies by equipment 

manufacturer, and the criteria based on a 4% 

desaturation may not be the same at different sleep 

laboratories14. The definition of an apnea is fixed, it 

refers to a pause in respiration for more than 10 

seconds and is seen in both central sleep apnea (CSA) 

and obstructive sleep apnea (OSA). Hypopnea is 

usually defined as reduction in ventilation of at least 

50% that results in a decrease in arterial saturation 

of 4% or more. Some sleep centers define hypopnea 

as clinically significant when there is a 30% (or 

greater) reduction in nasal airflow lasting for 10 

seconds or longer with an associated 4% (or greater) 

oxygen desaturation and/or if this results in an 

arousal or a fragmentation of sleep15. Many studies 

had also demonstrated that AHI can differ up to 30% 

if the definition of oxygen desaturation within the 

hypopnea definition, differed by only 1% (i.e., a 

desaturation of 3% or greater versus a desaturation 

of 4% or greater)15.  

 

Therefore, it would be prudent to note that there is huge 

test-retest variability from the different available sleep 

tests in different medical centers, and that this is a major 

confounding factor in assessing treatment outcomes, 

purely by using AHI alone. Guidelines developed to 

standardize the scoring of sleep and detection of apneic-

related events (i.e., accreditation by the American 

Academy of Sleep Medicine) appears ineffective in 

controlling the inherent variability of OSA when 

measured by PSG alone. The suggestion of multi-night 

PSG studies is both difficult for patients and very 

expensive. Sleep specialists using solely the AHI from the 

PSG for assessing treatment outcomes should factor in the 

increased variability, with perhaps high level of 

inaccuracy and discordance with the actual patient 

benefit as a whole.  

 

From the patient’s perspective, this parameter AHI is not 

intuitively informative to the patient; no patient would 

seek a consultation with a sleep specialist complaining 

that “my AHI is high”. Patients are more concerned and 

affected by “real tangible” issues like loud snoring, 

daytime sleepiness, mood changes, irritability, memory 

loss, brain fog, uncontrolled hypertension, obesity and 

high glucose levels; these are the effects of OSA as a 

systemic disease affecting end-organs, manifesting as 

real patient related symptoms or complaints. Hence, it 

would make better clinical-sense to assess and utilize 

these end-organ effects of OSA in order to assess 

outcomes of intervention. 

END-ORGAN EFFECTS AS OUTCOME MEASURES 

It is important to highlight the strong association/link 

between OSA with blood pressure, gross weight/BMI, 

quality of life, hypoxemia, neuro-cognitive and the 

cardio-vascular effects supporting the utilization of 

parameters that reflect true effects of the apneas and 

hypopneas that the OSA patients experience.  

 

OSA AND BLOOD PRESSURE (BP) - BLOOD PRESSURE 

REDUCES WITH EFFECTIVE TREATMENT 

There are blood pressure (BP) surges in OSA patients at 

night that can be observed in both the systemic and 

pulmonary circulation16 (unlike normal people where 

there is a nocturnal 10-20% dip); there are also 

documented cyclical variations of the heart rate (i.e., sinus 

tachycardia/bradycardia17), extreme cases of 

arrhythmias have also been documented that might lead 

to sudden cardiac death18. Hypoxic effects of OSA on 

the cardiovascular (CV) system manifest as daytime 

arterial hypertension, and documented increased risk of 

stroke, heart failure, and myocardial infarction19. Studies 

have shown that OSA patients have a higher incidence of 

hypertension, as high as 1.5 to 2.7 times20,21,22, and 

treatment of these OSA patients with CPAP have 

consistently and reliably showed a decrease in blood 

pressure23,24. A randomized controlled trial (RCT) 

conducted by Weaver et al 25 showed that in 239 

patients randomized to CPAP and placebo, after eight 

weeks of CPAP treatment; CPAP significantly improved 

the FOSQ scores of patients with OSA and there was a 

significant reduction in diastolic BP values from baseline 

by -1.93 mmHg (95% CI, −3.8 to 0.0; P=0.048) 

between the two groups.  

 

In the Multicenter OSA Interventional Cardiovascular 

(MOSAIC) trial, 391 patients with OSA were randomized 

to 6 months of auto-adjusting CPAP therapy versus 

standard care. Patients on CPAP treatment significantly 

improved subjective daytime sleepiness (adjusted 

treatment effect on ESS −2.0; 95% CI, −2.6 to −1.4; 

P<0.0001). However, this positive treatment effect on 

symptoms was not accompanied by a reduction in blood 

pressure26. The findings of the MOSAIC study were 

confirmed by a meta-analysis published by Bratton et al 
27 in which the individual data of 1,206 patients from four 

RCTs were evaluated. Although CPAP treatment reduced 

OSA severity and sleepiness, overall, it did not to have a 

beneficial effect on BP, except in those patients who used 

CPAP for >4 h/night; suggesting that a minimum of 4 

hours use per night is needed27.  

 

Lozano et al 28 had 64 patients randomized to receive 

CPAP versus conventional medical treatment alone. After 

a 3-month CPAP usage period, patients who used CPAP 

>5.8 hours showed a greater reduction than patients 

treated with standard medication in daytime diastolic BP 

−6.12 mmHg (95% CI, −1.45 to −10.82; P=0.004), 24-

https://en.wikipedia.org/wiki/Pulse_oximetry
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h diastolic BP –6.98 mmHg (95% CI, −1.86 to −12.1; 

P=0.009) and 24-h systolic BP −9.71 mmHg (95% CI, 

−0.20 to −19.22; P=0.046) 28, 29. These scientific studies 

illustrate that OSA affects blood pressure and effective 

therapy for OSA would result in a decrease in the blood 

pressure of the patient.  

 

OSA AND BMI / GROSS WEIGHT  

It is well accepted that obese patients have a higher 

incidence of OSA, however, patients with OSA may not 

be obese31. The anatomy of the upper airway is 

essentially a balance between the contents (soft tissues) 

and its container/box (skeletal framework). Some OSA 

patients have a “local” problem (i.e., a localized problem 

in their upper airway, like huge tonsils, thick redundant 

palate, long uvula, huge lingual tonsils) versus some 

patients who have a “global” problem (i.e., generalized 

obesity). There have been papers illustrating the use of 

clinical prediction models as prediction of OSA and its 

severity, these all include the BMI32,33. Many studies 

demonstrate that a BMI greater than 40 is also a 

predictor of poorer surgical outcomes, and that obesity is 

significantly related to and associated with fat deposition 

in the posterior tongue, cervical fat area and 

parapharyngeal area34. Ahn et al had also showed a 

strong correlation between tongue volume (on MRI) and 

BMI35; Kim et al showed that the tongue fat percentage 

was higher in OSA patients compared to normal 

(matched BMI) subjects (42% versus 24%) (36). 

Parapharyngeal fat have also been shown to be 

enlarged in apneics and to contribute to airway 

narrowing37. Therefore, it is important for the sleep 

specialist to appreciate that a reduction in BMI would not 

only reduce the overall oxidative metabolic stress but 

also, inadvertently also increase the upper airway space 

in totality.  

 

OSA AND EPWORTH SLEEPINESS SCALE 

The Epworth Sleepiness Scale (ESS) was first described in 

1991, from the Epworth Hospital in Melbourne, Australia; 

it was used not only for OSA, but other sleep disorders 

as well38. It is essentially a self-reported questionnaire 

that evaluates the tendency to fall asleep in eight various 

daily situations. The ESS score ranges from 0 to 24, and 

a score equal to or greater than 10 indicates excessive 

daytime sleepiness38. The ESS has been extensively 

utilized, investigated and validated by numerous articles; 

it suffices to highlight that the ESS is sensitive for 

sleepiness but not specific for any particular sleep 

disorder.  

 

OSA AND QUALITY OF LIFE 

Quality of life (QoL) is considered one of the most 

fundamental patient-reported outcomes in healthcare. It 

is practical and reflective of the patient’s true subjective 

reported symptoms. The improvement in QoL should be 

used to determine whether any intervention is useful, 

beneficial or should be standard of care. For most OSA 

patients, a reduction in their QoL is often reflected by 

symptoms such as excessive daytime sleepiness, fatigue, 

poor sleep quality, irritability, poor concentration, low 

work productivity, reduced libido, loss of interest and 

loud snoring that affects their bed partner. Hence, any 

treatment deemed successful should result in an 

improvement in the QoL for these patients. 

 

In patients with OSA, the domains of physical functioning, 

general health, and vitality appear to be the most 

severely impacted39. Studies have showed that the 

impaired quality of life ranges from 41% to 88% 

depending on QoL domain assessed and the assessment 

tool40,41. There are various generic quality of life 

instruments such as the Medical Outcomes Study, SF-36 

or SF-12, and /or the Pittsburgh Sleep Quality Index 

(PSQI)42. Some validated OSA-specific instruments may 

be more sensitive and appropriate for patients with OSA 
43. Instruments such as the Calgary Sleep Apnea Quality 

of Life Inventory (SAQLI) or Functional Outcomes of Sleep 

Questionnaire (FOSQ) have also been shown to be useful. 

There have been a number of studies investigating the 

impact of treatment of OSA on QoL43. In some 

randomized controlled trials, QoL improves after 

adequate treatment of OSA with continuous positive 

airway pressure44, 45, oral appliances46, and upper 

airway surgery47. Other acceptable generic validated 

QoL instruments include, but are not limited to, the 

following: Medical Outcomes Study SF-3648, Medical 

Outcomes Study SF-12 49, Nottingham Health Profile 50, 

EuroQoL 51, EQ-5D 52, FOSQ 53, SAQLI 54.  

 

SLEEP-GOAL AS A HOLISTIC SUCCESS CRITERIA 

To the patient, the AHI is a nebulous concept, while other 

clinical outcomes measures are more relevant, including 

subjective sleepiness, irritability, poor focus, brain fog, 

forgetfulness, snoring level and level of performance (all 

of these are felt by the patient). The main objective in 

OSA treatment is to prevent long-term deleterious effects 

of the disease (e.g., high blood pressure, metabolic 

oxidative stress, strokes and other cardiovascular 

morbidity), yet paradoxically, such parameters/ 

assessments are notably not utilized and relatively 

invisible to both medical and surgical studies evaluating 

treatment outcomes. Moreover, when AHI is utilized, sleep 

specialists may have trivialized its short-comings and 

accepted that the archaic criteria of 50% reduction in AHI 

and an AHI less than 20, is gospel truth. This criterion, 

based on historical literature was arbitrarily developed, 

and did not study/research or stratify any patients nor 

did they have any clinical data, parameters or 

assessments. 

 

Let us consider a very common example, patient A with a 

pre-operative AHI of 95 whom, after surgery, has a post-

operative PSG result of AHI 21; this patient would likely 
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experience significant measurable symptomatic and 

clinical improvement with a huge decrease in disease 

burden (in terms of obesity, hypertension, cardiovascular 

effects and oxidative stress) even though this is not 

defined as a successful numerical surgical outcome by the 

old Sher AHI criteria; consider another patient B with 

baseline pre-operative AHI of 35, and who had reduced 

the AHI post-operatively to under 14, this is considered a 

successful numerical AHI outcome even though the 

likelihood of clinical cardiovascular or QoL impact may 

be minimal, compared to patient A. Intuitively, one would 

agree that patient A benefitted significantly more than 

patient B, but yet patient A was labeled as a “surgical 

failure”. Moreover, not forgetting, that in much of the 

reported literature, the pre- and post-surgery sleep test 

may have been done in different sleep laboratories, 

using different definitions of hypopnea and different 

sleep diagnostic devices, all of which can confound the 

result. Hence, utilizing AHI as just one single variable with 

which to gauge success of therapy, either medical or 

surgical, is flawed and allows it to hold too much weight 

in the field of sleep medicine. 

 

Pang et al (2020) had proposed the SLEEP-GOAL 

outcome parameters previously with good acceptance 

amongst sleep specialists 7. The SLEEP-GOAL success 

criteria covers more holistic, comprehensive and inclusive 

parameters that reflect patient complaints compared to 

AHI alone. Four years on, Pang et al (2025) had done 

further validation on 618 OSA patients, and presented a 

more compendious version of the SLEEP-GOAL outcome 

parameters known as the Sleep-Goal Index (SGI) 

comprising of the four main major parameters: Blood 

Pressure, Gross Weight (BMI), Oxygen Time Spent below 

90% (T90), and AHI 55.   

 

SLEEP-GOAL OUTCOME MEASURES 

Sleep-Goal Index 

The SLEEP-GOAL 7 outcome measures published in 2020, 

relates closely with the end-organ effects/parameters of 

the OSA patient. It reflects the cardiovascular and neuro-

cognitive effects of the OSA disease process, oxidative 

stress and the OSA disease load. Based on the medical 

evidence on these parameters, Pang et al 7 had assigned 

SLEE as minor criteria and PGOAL as the major criteria. 

Successful improvement post treatment is denoted by: - 

S = Snoring – VAS reduction by 50% 

L =sleep Latency – increase by 50% time latency 

E = ESS – a reduction of 50% and < 10 

E = Execution time – an improvement by 50% 

P = blood Pressure – reduction of either SBP or DBP by 

7mmHg or both by 5mmHg 

G = Gross weight / BMI – reduction of GW by 8% or 

drop in BMI by 2 points 

O = Oxygenation (time spent < 90%) – improvement by 

50% 

A = AHI – reduction by 50% 

L = Life quality (QOL) score – improvement by 50% 

 

Sleep Goal Index (SGI)  

The Sleep-Goal Index (SGI) 55 is the more condensed and 

concise use of the main major criteria of the SLEEP-GOAL 

parameters, it consists of blood pressure, gross 

weight/BMI, time spent oxygen saturation <90%, and 

AHI.  

P = blood Pressure – reduction of either SBP or DBP by 

7mmHg or both by 5mmHg (A) 

G = Gross weight / BMI – reduction of GW by 8% or 

drop in BMI by 2 points (B) 

O = Oxygenation (time spent < 90%) – improvement by 

50% (C) 

A = AHI – reduction by 50% (D)  

 

The authors had compared SGI with Sher’s criteria using 

the McNemar’s test. Based on these 4 parameters, it was 

noted that fulfilling any 2 out of 4 SGI parameters would 

be just as sensitive as the Sher’s criteria, with additionally 

being more holistic and representative of the patients’ 

end-organ effects and oxidative stress. The authors 

showed that the overall success rates of the four SGI pairs 

that fulfilled SGI criteria as “success” were as follows – A 

and B – 41.8%, A and C – 56.2%, A and D – 55.8%, B 

and C – 54.5%, B and D – 56.7%, C and D – 60.9% (see 

labelled A, B, C, D above) (55). The authors noted that 

all the two combinations were very similar and close to 

Sher’s criteria of a success rate of 55.7%, indicating that 

any of these 2 out of the 4 SGI parameters combined, 

would be as sensitive as and as stringent as Sher’s criteria 
55.  

 

We are comparing SGI to the old Sher's criteria, 

demonstrating that because SGI has 4 parameters 

instead of only one very unreliable parameter AHI (as 

discussed above), SGI would intuitively be more holistic 

and superior to the AHI as a stand-alone parameter.  

 

Conclusion 
The SGI parameters are easy to measure, consistent and 

reproducible. The SGI is realistic and holistic for OSA 

patients undergoing treatment for OSA. The patient’s 

treatment outcome could already be measurable by 2 

out of the 4, SGI criteria. We would like to propose the 

use of Sleep Goal Index as a treatment outcome measure 

as it is holistic, comprehensive, easily measured and 

better patient-appreciated as a treatment outcome 

measure.  
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