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INTRODUCTION

ABSTRACT
Background: Obstructive sleep apnea hypopnea syndrome
(OSAHS) is a life threatening breathing disorder diagnosed by
overnight polysomnography (PSG). As PSG is expensive and has
limited availability, this study was done to establish the
effectiveness of the Adjusted Neck Circumference Score (ANCS)
as a diagnostic measure in early detection of OSAHS.
Methods: 427 patients were included in a retrospective study, they
actually performed full-night PSG study, reviewing Epworth
sleepiness scale (ESS) questionnaire, STOP-BANG score, BMI,
Neck circumference (NC), Apnea Hypopnea Index(AHI) and
ANCS which is composed of: NC, presence of snoring, evidence of
nocturnal gasping or choking and presence of hypertension
Results: The current study included 427 patients, 396 (92.7%) were
diagnosed as OSA (Group 1) and 31 (7.2%) patients were non-OSA
(Group II). NC of 40.5 cm can differentiate OSA cases from non
OSA with sensitivity 72%, specificity 41.9%, accuracy 69.9%, PPV
94.1% and NPV 10.5% while ANCS could diagnose OSA cases
with sensitivity 83.8% and exclude 54.5% of non OSA cases at cut
off value of 42.5 , accuracy of 81.5%, PPV 95.9% and NPV 20.7%.
Also, ANCS can predict severe OSA by 79.8 % at 44.5 cut off
value, with specificity 54.9% and accuracy 70.2%.
Conclusion: ANCS is considered a simple clinical
measurement for early detection of OSA and its
severity at outpatient department. Also, ANCS has
higher specificity, sensitivity and accuracy than NC
in clinical diagnosis of OSA.
Keywords: Adjusted neck circumference score (ANCS), Apnoea
hypopnoea index (AHI), Neck circumference(NC).

sensitive device to detect OSAHS [7]. As PSG is
costly with restricted accessibility and difficult

bstructive sleep apnea hypopnea syndrome

OSAHS is considered a serious disorder
represented by repeated nocturnal events of partial
or complete cessation of breathing [1]. It is mainly
represented with noisy breathing,  nocturnal
cessation of respiration, exhaustion, dry mouth,
morning tiredness, with frequent diurnal
somnolence [2]. This leads to deterioration in
coping with life, activity achievement, more
exposure to trauma and depression [3].
OSAS is the main hazardous factor for
development of systemic hypertension, type Il
DM and subsequent retinopathy,  arrhythmias,
acute coronary syndrome, stroke and metabolic
syndrome [4, 5, 6]. Therefore, its early
management is mandatory. PSG is the most
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technological aids, therefore prognostic hazards
leading to OSAHS should be realized.
Accordingly, it is probable to detect who will
proceed the other in performing PSGI[8]. In order
to detect the suitable patient for PSG performance.
Berlin Questionnaire (BQ); although it is globally
accepted in screening for OSA, it had a
questionable wide range of sensitivity and
specificity [9,10]. However, Epworth Sleepiness
Scale (ESS) is commonly used as a tool for
assessment of excessive daytime sleepiness, but
still with low sensitivity and specificity[11].

The STOP-BANG Questionnaire was originally
used for early detection of OSA in surgical patients
at preoperative clinics, achieving sensitivity of
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83.9%, 92.9% and 100%, respectively for detection
of mild, moderate and severe OSA [12].

Although, a simpler and less expensive diagnostic
tools were validated for OSA screening like:
elderly patients, male sex, increased in blood
pressure, obesity and increased neck size which is
the most important  risk factors, still some
controversies  accusing the validity of their
impacts[8]. From these simple screening tool is
Adjusted Neck Circumference Score (ANCS)
which was assessed by many studies along the past
years with conflicting results [13,14]. For that
cause, this work aimed at establishing the
effectiveness of the ANCS as a diagnostic measure
in early detection of OSAHS.

PATIENTS AND METHODS
This study was conducted at Sleep Disordered
Breathing unit (SDB) of Chest Department Faculty
of Medicine, Zagazig University hospitals in the
period from October 2015 till October 2017.
Written informed consent was obtained from all
participants. The study was done according to The
Code of Ethics of the World Medical Association
(Declaration of Helsinki) for studies involving
humans.
PATIENTS: A Retrospective case-control
observational study, from our SDB unit database,
the medical records of our patients were reviewed
from October 2015 till October 2017. The
inclusion criteria were: patients underwent
polysomnography at our SDB unit due to chief
complaint of daytime and or nighttime symptoms
of obstructive sleep apnea. The following
conditions were not included: 1) Patients < 18
years old, 2) patients receiving CPAP, 3)
congestive heart failure, neuromuscular disorders
or severe lung diseases, 4)patients with mixed or
central sleep apnea , or 5) Obesity hypoventilation
syndrome
METHODS:
Patient's data were reviewed with recording
previous history taking focusing on: Sleep
disordered breathing symptoms that were assessed
by both, Epworth sleepiness scale (ESS)
questionnaire[15] and STOP-BANG [8], and the
registered clinical findings including; Body Mass
Index (BMI)[16], Neck circumference and ANCS
that composed of : NC (cm=points), presence of
snoring (3 points), and evidence of nocturnal
gasping or choking (3 points) and presence of
hypertension (4 points) [13,17].And data obtained
from a full-night polysomnographic sleep study
after it has been done using (SOMNO screen™
plus, Germany)[18].

Gad, D., et al

Volume 28, Issue 6, November 2022(124-131) Supplement Issue

STATISTICAL ANALYSIS: Quantitative Data
were presented as mean + SD for data and analyzed
by one way analysis for variance (F test).
Qualitative data was presented by number and
percentage and analyzed by Chi square test or
Fisher Exact test when appropriate. Correlation
coefficient (r) used to high lighten the association
between quantitative variables. P-value <0.05 is
considered significant.

RESULTS
This study included 427 patients, 396 (92.7) %
were diagnosed as OSA (Group ) and 31 (7.2%)
patients were non OSA(Group ). A statistical
non-significant difference was observed between
both studied groups as regard age (50.2 + 11.4 yrs
versus 49 £ 17.7 yrs) and gender (p
value=0.71,0.09) respectively, but males(218)
were more prevalent than females(178) in OSA
group (55% versus 44%), while in non OSA group
females were more than males(19 versus 12).
As for the severity of OSA assessed by Apnea
hypopnea index, most of OSA patients were severe
(249 cases:62.9%), while mild and moderate OSA
were only represented in (73 cases:18.4 % and 74
cases: 18.7 %) OSA Group I.
Neck circumference was significantly higher in
OSA group than non  OSA  group
(meanxSD:43.3+4.85, versus 41.3+6.63) (p=0.02).
Furthermore, Adjusted neck circumference score
were higher in obstructive sleep apnea group than
in non-obstructive sleep apnea group with
statistically significant difference(mean £SD: 47.2
+ 6.1,versus 43.9 = 8.16)(p=0.005) .
In the current study, STOP-BANG score was
significantly higher in group | than in group Il
(mean £SD: 5.27 £ 1.5, versus 4.52 = 1.7)( p-
value= 0.02), while Epworth score was
insignificantly different between both
groups(mean +SD:10.2 + 5.15, versus 9.4 £ 5.69
(p=0.443) (Data not shown).
In obstructive sleep apnea group, Neck
circumference was significantly higher in males
than in females (mean +SD: 44.1 + 4.7,versus
42.6 + 4.93) (p-value=0.002 ), however Adjusted
neck circumference has a statistically non-
significant difference between both sex(Mean
+SD: 47.7 £+ 5.7,versus 46.7 £ 6.5) (p-value=
0.105)(Table 1)
Our results clarified that the ability of NC to
differentiate OSA cases from non OSA cases was
72% at 40.5 cut off value, while it could exclude
only 41.9% negative cases (non OSA) among truly
negatives examined, however  ANCS could
diagnose 83.8% of OSA cases and exclude 54.5%
of non OSA at cut off value 42.5. Besides, overall
accuracy of ANCS was 81.5% as a predictor for
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OSA screening while for NC accuracy was only
69.9% (Table 2).

There was a statistically highly significant positive
correlation between both NC and ANCS with AHI,
BMI, STOP-BANG score and Epworth score
among OSA patients, however NC showed a non-
significant correlation with snoring index, while
ANCS has a remarkable positive relation with
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ANCS has a statistical highly significant values
between mild, moderate and severe OSA patients
regarding apnea hypopnea index (p <0.001) (Table
4).

Also,it was observed that, the ability of ANCS to
predict severe OSA was 79.8 % at 44.5 cut off
value, while it could exclude 54.9% negative cases
(mild and moderate OSA) with overall accuracy
70.2%, PPV 73.8% and NPV 63.2%(Table 5).

snoring index (p-value= 0.107,0.001)
respectively(Table 3).
Table 1. Relation between gender with NC and ANCS among studied OSA group.
Male
N=218
NC
Mean £SD 441 + 47
ANCS
Mean +SD 477+ 5.7

NS: P-value>0.05 is not significant

Table 2. Reliability data for clinical
Variable Cut off AUC P-value

S
NC 40.5 0.610 0.04
ANC 42,5 0.634 0.01

AUC: area under curve

performance of NC and ANCS as

PPV: positive predictive value

Female t-test\ P value
N=178
0.002
426 + 493 3.1 S
1.63 0.105
46.7 + 6.5 NS

S: P-value<0.05 is significant

predictors of OSA.
NPV  sensitivit specificity accuracy

10.5% 72% 41.9% 69.9%
20.7% 83.8% 54.5% 81.5%
NPV: negative predictive value

Table 3. Correlation between recorded diagnostic data among studied group with OSA.
_ r P r P

Snoring index 0.081 0.107 NS 0.275 <0.001 HS
AHI 0.284 <0.001 HS 0.283 <0.001 HS

BMI 0.283 <0.001 HS 0.321 <0.001 HS
STOP- BANG score 0.383 <0.001 HS 0.453 <0.001 HS
Epworth score 0.189 <0.001 HS 0.199 <0.001 HS

NS: P-value>0.05 is not significant

Mild
N=73

ANCS
Mean £SD 40.82+4.16

Table 4. Statistical comparison between different severities of OSA group
OSA (N=396)
Moderate

44.83+6.5

HS: P-value<0.001 is high sig

AHDregarding ANCS.

Severe F test P value
N =74 N=249
62.11 <0.001
48.6 +5.56 HS

S: P-value<0.05 is significant

Variables Cutoff AUC =

value
<0.001 73.8% 63.2% 79.8% 54.9% 70.2%

ANCS 44.5 0.689
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Table 5. Reliability data for clinical performance of ANCS in prediction of OSA severity.

PPV NPV sensitivity specificity accuracy
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Figure 1. Receiver operating characteristic (ROC) curve for clinical prediction of OSA by NC and ANCS
(original).
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Figure 2. Receiver operating characteristic (ROC) curve for prediction of OSA severity with ANCS (original).

ROC Curve

0.5

Sensitivity

0o T T T T
0o 02 04 06 08 1.0

1 - Specificity

Diagonal segments are produced by ties.

DISCUSSION

OSAHS is a prevalent disorder which occurs
within 4% and 2% in males and females
respectively [19]. PSG is mandatory for
confirming presence of OSAHS, however it is
costly and not easily accessible. Therefore,
screening of these patients is essential for
proper selection of which patient will be in need
of performing PSG [20].

This study included Obstructive sleep apnea
(Group 1) and non Obstructive sleep apnea
(Group I1). Both groups were matched
regarding advances of age. In concordance with
our results, Kim et al. [21] who found that their
patients mean age was 45.0 £14.4 years, which
is hazardous to develop OSAHS. While Martins
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et al. [22] confirmed the high association
between age and OSA even after considering
weight and NC that reasonably increased with
age and attributed this to the decrease in the
muscle tone with aging and consequent
reduction in the dimensions of upper airway
lumen. On contrary to the current result Cowan
and Allardice [23] observed that elderly
patients were less vulnerable to develop
OSAHS than younger patients, as these patients
had less BMI, furthermore they couldn't justify
their day and night symptoms clearly.

As regard gender, the current results coincides
with that of Cowan and Kim and their
colleagues[20,21] who suggested that, OSA is
more common in males than females, simply
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because of the anatomical varieties in their
upper airways. Male pattern of fat distribution
concentrates around upper airways and hence
they have higher prevalence of OSA. On the
other hand, effect of sex hormones in women,
play a protective role against OSA, also they
have higher prevalence of hypothyroidism and
depression which may hide diagnosis of OSA
among them [17].

It was observed that NC was significantly larger
in OSA group than in non-OSA group. In
concordance with these results Kim et al.[21]
who found NC in OSA patients was 38.7+3.0
versus 35.6+3.3 in non OSA group, and
concluded that large neck circumference with
more deposition of fats was more linked to
OSA than obesity in general [24].

Also in the current study, Adjusted neck
circumference score was higher in OSA
patients than in non-OSA group with
significant difference. In agreement with these
results, Wyckoff and O'Donnell [13] results of
their studies who found that ANCS was
remarkably increased when checking 251 OSA
patients, (87.6%) were found to have OSA and
(12.4%) have not.

Also, Nicholl et al. [25] found that ANCS was
superior in detecting OSA even in chronic
kidney disease or end stage renal disease
populations. On the other hand, Ogna et al. [26]
observed poor performance of ANCS screening
tool in end stage renal disease, and proposed a
mechanism of having chronic fluid overload
with overnight fluid displacement especially
around the neck in hemodialysis patients with
OSA.

Regarding diagnostic scores, this study
revealed low diagnostic role of Epworth score
in OSA than STOP-BANG score in group I.
Epworth score was described as a self-
administered questionnaire for subjective
assessment of sleepiness. However,
hypersomnolence may not be a significant
complaint in 40% of patients and ESS should
not be confused for a pre-test probability score
[27,28].

Moreover, the low efficiency of ESS could be
attributed to the designation of the score was
primarily for determining hypersomnolence
state rather than OSA screening [29].

In contrary, Ogna et al. [26] concluded from
their study that STOP-BANG score and ANCS
had poor performance in screening for OSA
patients. As regard, they applied these scores on
end stage renal disease patients and explained
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this result by the overlap between symptoms of
renal failure and that of OSA.

Concerning about Neck circumference(Table
1), in agreement with the current results ,but
with lower values, Adisen et al.[30] who found
that NC was higher in males  than
females(40+1.7 cm versus 37+£0.8 cm) as their
study included small number of patients than
this current study. While Liu et al. [29] noted
that after matching waist size and BMI, male
OSA had more obesity around chest and
abdomen with more neck fat than female OSA
patients.

However , ANCS wasn't different between
both sex in OSA group. This may be attributed
to ANCS is a summation of the value of neck
circumference in centimeters associated with
hypertension, snoring and night chocking,
conditions added a numeric values to that of the
neck circumference[31].

Regarding the ability of ANCS to diagnose
OSA cases(Table 2). Similar results to the
current study were suggested by Laldayal et al.
[17] who found that cut off value of more than
42 for ANCS could screen 89.3% of OSA
patients. Another study was carried out by
Shetty et al. [32] who reported a higher cut-off
level of ANCS for males(43.83)with
sensitivity 84% and specificity 70%, and a
lower cut-off level for females (40.32)yield
sensitivity 74% and specificity 63%. This
difference may be attributed to; 799 patients
were included in their study which is nearly
double the number of patients in this work.
Furthermore, Castorena- Maldonado et al. [33]
observed a lower sensitivity 63% to diagnose
OSA with higher specificity 77% at a cut off
level > 43, PPV(95%) and NPV(24%), when
studying the validation of ANCS on 97
Mexican population with different upper
airway morphometric analysis.

As for the ability of NC to differentiate OSA
from non OSA(Table 2), it was concluded from
the previous results that ANCS has higher
specificity, sensitivity and accuracy than NC in
clinical diagnosis of OSA.

Many studies in the literature had reported
different cut-off values of NC in predicting
OSA with different ethnic population and
different anthropometric measures. From these
studies, Onat et al. [34] who concluded a cut-
off of value 39 cm NC in men an 35 cm in
women for predicting OSAS in Turkish adults.
Another study performed by Amra et al. [35]
from lIran suggested cut-off values (34.5 cm
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versus 38.75 cm) for females and males.
However, Zhou et al. [36] stated lowest NC
(33cm versus 37 cm ) for Chinese females and
males.

In this study, there was a highly statistically
significant positive correlation between ANCS
and NC with AHI, BMI, STOP- BANG score
and Epworth score among OSA patients (Table
3). Same results were observed by, kim et al.
[21], Adisen et al. [30], Hannallah et al. [31]
and Bhise et al. [37]. However, Bhimwal and
his colleagues [38] noted an obvious higher
prevalence in OSA with an increase in neck
circumference but no significant increase in
OSA severity was found in relation to increase
in neck circumference. Pineda et al. [14]
correlated NC with severity of OSA and
concluded that NC could guide us to
differentiate between grades of OSA severity
but without statistical association with AHI.
This controversy from the present study may
be due to that the previous study was performed
for screening of OSA at Diabetic clinic in a
smaller group (50 patients) than the current
study.

On the other hand, NC has a non-significant
correlation with Snoring index, while ANCS
has a highly statistically significant positive
correlation with snoring index. This finding
may be due to that 40 to 60% patients with
OSA complained from snoring, as reported by
American academy of sleep medicine, however
virtually all patients with OSA snore, but not
all snorers have sleep apnoea. This finding was
documented by study of Somers VK et al. [39].
In the current study a statistical significant
different ranges of ANCS was detected among
mild, moderate and severe OSA according to
(AHTI) . Besides, the ability of ANC to predict
severe OSA was 79.8 % at 44.5 cut off value,
with  specificity 54.9% and accuracy
70.2%(Table 4,5).Though there have been
some conflicting results with Laldayal et al.
[17]who concluded that neither difference in
ANCS regarding OSA  severity was
statistically relevant nor ANCS and OSA
severity correlate with each other .This
difference can be explained by the small
number of their studied OSA group(113
Jrepresented proportionately as mild (23%),
moderate(30%), and severe(47%), while the
current study included larger studied
group(396) who were represented mostly with
severe OSA(62.9%)regarding AHI.
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In agreement with results of the present study,
Wyckoff and O’Donnell [13] showed a
significantly higher ANCS in patients with
moderate-severe OSA. Furthermore,
Castorena-Maldonado et al. [33] observed that
ANCS was adequate for diagnosing OSAS
and, value of > 48 can even identify severe
cases of OSAS.

CONCLUSION
ANCS is considered a simple clinical
measurement  for  outpatient  department
screening for OSA at cut off value 42.5 with
(sensitivity 83.8%, specificity 54.5% and
accuracy 81.5%). Furthermore it has the ability
to predict severe OSA at cut off value 44.5,
with sensitivity 79.8 % , specificity 54.9% and
accuracy 70.2% .Also, ANCS has higher
specificity, sensitivity and accuracy than NC in
clinical diagnosis of OSA.
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