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Abstract The incorporation of telemedicine and artificial
intelligence for early screening and assessment of severity
of life-style disorders has a great potential for better
assessment in a busy outpatient clinic and thereby curtail
down the related morbidities. A computer based algorithm
based upon standardized questionnaire (from established
assessment tools) is designed to assess the risk of
obstructive sleep apnoea syndrome (OSAS). In addition the
incorporation of basic screening questions of anamnesis
help in suggesting a probable diagnosis of sleep related
disorder as well. The overall data at our center has been
analyzed to establish the existing pattern of sleep related
disorders. Of 850 healthy subjects screened, prevalence of
snoring was 20.47% while OSAS was seen in 4.20%
(N =25) in males and 2.64% (N = 8) in females. The
parasomnia was most prevalent (14.71%), followed by
insomnia (10.24%), periodic leg movement (6.59%),
bruxism (1.65%) and narcolepsy (0.59%). Hypertension,
laryngopharyngeal reflux and obesity were the common co-
morbidities in OSAS while family history of hypertension
and diabetes were common in snorers. A significant asso-
ciation with OSA was seen with diabetes mellitus, neck
circumference and nasal obstruction, while, obesity and
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apnoeic episodes were more significantly associated with
OSA than snorers. Increased waist to hip ratio was appre-
ciated in both the OSAS and snorers. The algorithm based
online assessment is likely to diagnose the occult clinical
cases as well as assess the risk of OSAS. In routine out-
patient clinic, a clinician may better assess the patient
morbidity with a comprehensive availability of symptoms
and moreover enhance the post-treatment compliance. In
addition a smartphone based computerized assessment for
general population may be designed for other lifestyle
disorders as well.

Keywords Computer algorithm - Artificial intelligence -
Obstructive sleep apnoea syndrome -

Periodic leg movement - Narcolepsy - Parasomnia -
Insomnia

Introduction

The pattern of sleep related disorders in modern era is
rapidly evolving due to rapid industrialization, deteriorat-
ing life-styles, increasing obesity and immense stress pre-
disposing the mankind to various metabolic, physical and
mental consequences. The so-called life-style disorders are
often diagnosed late as the busy life-schedule restricts
timely medical-consultation. To overcome the time con-
straints under such circumstances, an online assessment is a
ready solution for early screening of a particular problem.
Since an early consultation for anticipated morbidity of
life-style disorders is often omitted, the incorporation of
telemedicine and artificial intelligence for early screening
and assessment of severity is a ready solution. This has a
great potential to curtail down the related morbidity.
Accordingly a user-friendly, easily accessible, minimally
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expensive and significantly reliable real-time computer-
based online assessment for sleep-related disorder needs to
be introduced to facilitate general population for directly
scoring their complaints. The patient participation this way
seems important as a complete sleep assessment in a busy
outpatient clinic for every patient by the physician himself
is impractical. This is particularly true for India where
unlike west the average daily outpatient attendance per
specialist varies from 65 to 150. Moreover the patient
compliance issues following an intervention can easily be
followed through online patient assessment thereby
reducing dropouts/non-compliance due to geographical
limitations. The patient participation therefore facilitates a
better assessment with a better data collection.

The first part of this paper introduces a computer based
algorithm that is designed to assess the risk of obstructive
sleep apnoea (OSA) and to shortlist a probable diagnosis
based upon patient’s responses. Following patient’s
responses to the standardized questionnaire online, the
basic analysis as per the algorithm further guides the
patient to another set of questions. In the process a com-
bination of responses suggests the probable diagnosis and
risk of OSA. In addition the relevant sleep log can be better
communicated online through another set of algorithm. The
second part of the paper analyses the overall data (possible
online) to establish the existing pattern of sleep related
disorders.

Materials and Methods
Development of Computer-Based Algorithms

The first step is defining the computer-based algorithm for
collecting pre-decided data set online directly as patient-
responses. Alternatively the uneducated patients were
occasionally assisted by paramedics particularly those with
rural background or with no knowledge about computer or
some elderly who felt quite uncomfortable with computer
usage. A similar information as in online version was
obtained through personal interactions to reduce the
chances of any potential bias in the computer based data
collection. The relevant questions were extracted from
institutional protocol as well as from the existing ques-
tionnaire-based-assessment tools such as Epworth sleepi-
ness scale [1], Stop-bang scoring [2] and Berlin scale [3] in
a systematic manner for developing the computer-based
algorithm. A combination of the three scoring systems was
integrated to avoid limitations of individual systems in
specific situations. Figure 1 shows the flowchart of symp-
toms (questions) used in framing the first algorithm while
the details of sleep log (Table 1) were considered to con-
struct the second algorithm. The first algorithm helped in

scoring the risk of OSA and short listing probable diagnosis
of sleep related disorder while second algorithm reflected
sleep-log per se.

Analysis of Data to Define the Existing Pattern
of Sleep Related Disorders

A total of 850 apparently healthy subjects were screened
for sleep related disorders as per the questionnaire relating
to algorithms (Fig. 1, Table 1). This was a prospective
study carried out at a tertiary care center of north India.
Almost all the data was collected through one to one
patient interaction. The age of inclusion ranged from 15 to
65 years, while those with mental retardation, pregnant and
non-cooperative statuses were excluded. Apart from rou-
tine anamnesis, the data was collected with the aim to
suggest a probable diagnosis such as obstructive sleep
apnoea syndrome (OSAS), periodic leg movement (PLM),
narcolepsy, cataplexy, parasomnia, insomnia, bruxism and
altered sleep hygiene as well as nocturnal awakenings. In
addition, the risk of OSA/daytime sleepiness was also
ranked as per Epworth [1], Stop-bang [2], Berlin [3] scores
and medical co-morbidities too were recorded. The initial
version of the software included assessment of sleepiness
score as per Epworth Index but in the revised version Stop-
bang [2], Berlin [3] criteria were also included. Further-
more the use of excessive daily caffeine, alcohol and
smoking was also noted. To reduce any potential bias
similar information was obtained through personal inter-
actions particularly from uneducated patients and a subset
of elderly showing a reluctant attitude towards computer
usage. An attempt was made to estimate the prevalence of
various sleep related disorders in the adult population as
well as to study their current pattern including comparison
of the impact of associated variables between OSAS
patients with simple snorers. The SPSS software was used
for analysis where the Pearson Chi square test with/without
Yates continuity correction (as per the case) was consid-
ered for analysis and comparison. The X-square and degree
of freedom were defined accordingly while significance
was considered with p value < 0.05.

Observations

Pattern of Sleep Related Disorders

The prevalence of snoring in adult population is depicted in
Table 2. The overall prevalence of snoring was 20.47%
while interestingly females between 55 and 65 years age

group showed a lower prevalence than their counterpart
males.
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Fig. 1 a Sample of computer
algorithm based on the
intergrated questionnaire
protocol (Epworth, Stop-Bang,
Berlin scoring systems).

b Flowchart of intergrated
questionnaire
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DO YOU SNORE

INTENSITY

BOTHERATIO
N TO OTHERS

FREQUENCY

3-4 NIGHTS
PER WEEK OR

NioRE () 1-2 NIGHTS

PER WEEK OR
LESS (0)

NOTED YOUR
BREATHING
STOPS IN
BETWEEN

NO / DON'T
KNOW (0)

3-4 TIMES A WEEK 1-2 TIMES A WEEK

OR MORE (1)

OR MORE (0)

Botheration to others

Do you snore
(B) No
Has anyone
Yes
noted that
your
Intensit breathing
WREOuRY Frequency stops during
sleep
Do not know
As loud as talking (0)
(o -
Louder than talking 3-4 nights 1-2 nights Yes
(1) per week per week
ormore 1. (0) 1-2 times a week Noor
(1) orless (0) don't
3-4 times a week know
or more (2) (0)
Do you feel tired /"fatigued
No or don’t knows (0)
Yes (1)
Did you ever feit
asleep whille driving
How often do you Doyou feel tired

feel tired after sleep during your wake times

3-4times a week

.4 ti
3-4 times a week ormore (1)

ormore (1) 1-2 timos 3 wook
1-2times a week orless (0)

or less (0)

Do you have high BP

Yes (1) ~
more than 40 cm

Is your neck circumference

No (0)
Yes (1)

3-473mes a week
ormore (1)

1-2 imes a week
or less {0)

== No(0)

Is your age more than 10 years

Are you male
What is your wei,

What is your height _(m]
(Body surface area and BMI to b2 calculated by computer)

Yes (1)
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Table 1 Questionnaire to be recorded daily in morning as per algorithm 2

How many times did you wake up during the night (numbers) and how long were you awake (minutes)

How was your feeling in this morning (good, satisfactory, unsatisfactory, bad, worst)

Did you take coffee/cola drink during last 12 h (mention amount if possible)

1. What was the time when you went to bed last night

2. After how long did you fall asleep (minutes)

3.

4. What was the time when you woke up this morning

5.

6. How many naps did you take in the day time (state numbers)
7. Did you take tea during last 12 h (mention amount if possible)
8.

9. Did you take alcohol during last 12 h (mention amount in ml if possible)
10. Did you smoke bidi/cigarette during one hour of going to bed
11. Were you under any sort of stress while going to bed

12.

Enumerate your medications that you took in last 24 h with their timing

Table 2 Distribution of snorers as per age and gender

Sex and age group Snorers Non-snorers Total
No. %o No. % No.
Male
24-34 23 17.96 105 82.03 128
35-44 39 25.32 115 74.67 154
45-54 37 26.24 104 73.75 141
55-65 28 22.58 96 77.41 124
Total 127 23.21 420 76.78 547
Female
24-34 9 9.09 90 90.90 99
35-44 17 25.75 49 74.24 66
45-54 13 24.07 41 75.92 54
55-65 8 9.52 76 90.47 84
Total 47 15.51 256 84.48 303
Grand total 174 20.47 676 79.52 850

The prevalence of OSAS was seen in 4.20% (N = 25) in
males and 2.64% (N = 8) in females. However the preva-
lence of other sleep related disorders as per age and sex is
depicted in Table 3. The maximum prevalence was seen
for parasomnia (14.71%), followed by insomnia (10.24%),
PLM (6.59%), bruxism (1.65%) and narcolepsy (0.59%).

The age and gender distribution of OSAS amongst
snorers (N-174) is depicted in Table 4, while the symptoms
of OSA is shown in Fig. 2. The prevalence of OSA
amongst female snorers between 24 and 34 years age group
was maximum (33%) as opposed to males in the same age
group that revealed lowest prevalence (13%). The common
symptoms included shortness of breath, heartburn and
sleepiness/fatigue while muscle weakness, deafness, anxi-
ety and leg discomfort was only noted in males.

Table 5 depicts the co morbidities in adult OSAS and
snorers. Hypertension was found to be the most common in
OSAS followed closely by laryngopharyngeal reflux dis-
ease (LPR) and obesity.

An analysis of family history in patients with snoring
(Table 6) reveals hypertension and diabetes as being
overall most common while asthma was more common
amongst females and laryngopharyngeal reflux (LPR)
amongst males.

The variables that revealed significant association with
OSA included LPR (Pearson Chi square test with Yates
continuity ~ correction, X-square = 5.8791, df =1,
p = 0.0153), diabetes mellitus (Pearson Chi square test
with Yates continuity correction, X-square = 30.3305,
df = 1, p = 0), obesity (Pearson Chi square test with Yates
continuity correction, X-square = 80.388, df =1, p = 0),
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Table 3 Prevalence of sleep related disorder in adult population

Age Total Narcolepsy PLM Parasomnia Insomnia Bruxism
group
M F M F M F M F M F M F
N % N % N % N % N % N % N % N % N % N %
24-34 128 99 1 078 0 0 6 468 3 303 20 156 6 606 14 1093 3 303 1 078 2 208
35-44 154 66 1 064 0 O 13 844 7 106 29 1883 9 13.63 19 1233 8 1212 2 129 2 3.03
45-54 141 54 1 07 1 18 15 1063 1 1.85 31 2198 8 1481 20 1418 8 1418 6 425 0 O
55-65 124 84 1 07 O O 10 806 1 1.19 19 1532 3 357 13 1048 2 238 1 08 O O
Total 547 303 4 073 1 03 44 8 12 39 99 181 26 8.6 66 121 21 69 10 1.8 4 13
Grand 850 5 (0.5%) 56 (6.6%) 125 (14.70%) 87 (10.20%) 14 (1.60%)
total

Table 4 Obstructive sleep apnoea syndrome: age and gender distribution
Age Sex Total

Male Female

Total OSA Prevalence Total OSA Prevalence Total OSA prevalence
25-34 23 3 13.04 9 3 33.33 32 6 18.75
35-44 39 9 23.08 17 2 11.76 56 1 19.64
45-54 37 5 13.51 13 2 15.38 50 7 14
55-65 28 6 21.43 8 1 12.5 36 7 19.44
Total 127 23 18.11 47 8 17.02 174 31 17.82

Fig. 2 Symptoms in OSAS

neck circumference (Pearson Chi square test without Yates
continuity  correction, X-square = 9.8989, df = 3,
p =0.0194) and nasal obstruction (Fisher exact test
p < 0.001). Furthermore, obesity was more significantly
associated with OSA than snorers and similar was the case
for apnoeic episodes as expected (Pearson Chi square test
without Yates continuity correction, X-square = 9.0339,
df = 3, p = 0.0288). The increased waist to hip ratio was

@ Springer

appreciated in both the OSAS and snorers. In most OSAS
male patients (69.6%) there was a high ratio that was
universally (100%) encountered in the age group of
24-34 years. All the female OSAS patients showed an
extreme such ratio.

However no statistical significance was appreciated
amongst OSA vs snorers for alcohol use (Pearson Chi

square test without Yates continuity correction,
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Table 5 Co-morbidities in adult OSAS and snorers
CO-Morbidities Age groups (years)
24-34 35-44 45-54 55-65
OSAS (total N) 6 11 7 7
Snorers (total N) 32 56 50 36
Hypertension
OSAS
Male %(N) 16.7 (1) 18.2 (2) 429 (3) 429 (3)
Female %(N) 16.7 (1) 9.1 (1) 143 (1) 0
Snorers
Male %(N)
Female %(N)
Obesity
OSAS
Male %(N) 50 (3) 81.8 (9) 71.5 (5) 85.7 (6)
Female %(N) 50 (3) 18.2 (2) 28.6 (2) 14.3 (1)
Snorers
Male %(N) 3 5 6
Female %(N) 3 1
Diabetes mellitus
OSAS
Male %(N) 16.7 (1) 63.6 (7) 14.3 (1) 57.1 (4)
Female %(N) 333 (2) 9.1 (1) 28.6 (2) 0
Snorers
Male %(N) 1 6 5
Female %(N) 0 0 1 3
Laryngopharyngeal reflux
OSAS
Male %(N) 333 (2) 36.4 (4) 429 (3) 57.1 (4)
Female %(N) 333 (2) 9.1 (1) 14.3 (1) 14.3 (1)
Snorers
Male %(N) 6 9 12 14
Female %(N) 4 3 4
ESS
OSAS
Male %(N) 0 18.2 (2) 14.3 (1) 0
Female %(N) 0 0 0 0
Snorers
Male %(N) 8 9 5 5
Female %(N) 1 0 3

X-square = 2.3333, df =4, p = 0.6747), caffeine intake
(Pearson Chi square test without Yates continuity correc-
tion, X-square = 4.0895, df = 5, p = 0.5366), and smoking
(Pearson Chi square test without Yates continuity correc-
tion, X-square = 2.9193, df = 4, p = 0.5704). Similarly no
difference was seen for the excessive day time sleepiness
(Pearson Chi square test with Yates continuity correction,
X-square = 0.7402, df =1, p=0.3896) and snoring

intensity (Pearson Chi square test without Yates continuity
correction, X-square = 1.7861, df = 3, p = 0.618) amongst
OSA vs snorers.

Assessment of risk of excessive daytime sleepiness
through computer-based algorithm as per Epworth sleepi-
ness scale revealed a high risk in about 75% snorers.
Assessment of risk of OSAS as per Berlin scale revealed a
high risk in 87.5% snorers. In addition the Stop-bang scale
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Table 6 Family history in adult snorers

Male-127 Female-47 Total-174
Hypertension 78 (61.4) 21 (44.6) 99 (56.9)
Diabetes 66 (51.9) 19 (40.4) 85 (48.9)
Angina 20 (15.7) 6 (12.7) 26 (14.9)
Stroke 1 (0.7) 0 (0) 1 (0.5)
Asthma 30 (17.2) 10 (21.2) 40 (23.0)
Reflux 23 (13.2) 5 (10.6) 28 (16.0)
Thyroid ds 16 (12.6) 4 (8.5) 20 (11.5)
Deviated nasal septum 2 (1.5) 3(6.4) 5(2.8)
High cholesterol 5(3.9) 0 (0) 5(2.8)
Sinus Ds 3 (2.30) 2 (4.2) 529
Arthritis 4 (3.1 0 (0) 4(2.3)

revealed 6.25% cases with low risk of OSA while the rest
with intermediate to high risk of OSA.

Discussion

The first algorithm is extremely important for suggesting
the risk (severity) of OSA (dysfunction) and suggesting/
short listing a diagnosis of a probable sleep related disor-
der. The final result of this composite subjective assess-
ment through integrated scoring algorithm is Epworth,
stop-bang and berlin scores separately. This facilitates a
composite decision and prevents bias based on individual
scores separately. The second algorithm defining the sleep-
log seems extremely useful as a follow up measure of sleep
performance following any intervention, thus solving
issues of non-compliance due to geographical logistics.
The designing author (AK) plans to release these software
algorithms on the internet (and subsequently through
smartphone based mobile apps) to be used absolutely free
in the due course.

India being the hub of diabetes across the world and
with its population genetically predisposed for the same, an
increasing trend of obesity/sleep disorders can be expected.
This seems particularly true as the current data reveals a
significant association with diabetes mellitus as well as
with the family history of diabetes. Since obesity is a well-
known risk factor related to diabetes, the ongoing lifestyle
stress further complicates hyperlipidemia and poor diabetic
control in young/middle aged population. The assessment
of basic epidemiology of sleep related disorders was pos-
sible using the questions used in algorithms. In general
since Indians do not exercise regularly their tendency of
central obesity further increases their waist to hip ratio and
neck circumference. The later predisposes to oropharyn-
geal obstruction and if to a morbid extent can result in

@ Springer

OSAS. Furthermore the nasal obstruction was seen to be
associated with such patients and while this might not be
the primary factor for obstruction per se but certainly can
contribute to aggravate the situation. The increased obe-
sity/accumulation of fat in snorers resulted in a high waist-
hip ratio and a further progression possibly caused
enhanced neck circumference, often associated with pre-
sentation of choking/apnoic episodes. Hence an enhanced
waist-hip ratio may be regarded as an early precursor/
predictor of OSAS amongst those who continue to have a
weight gain. Similarly the apnoic episodes as expected
would have been significant in the OSAS patients than in
simple snorers signifying fat accumulation across the upper
airway. The caffeine did not have any effect on severity of
snoring or onset of OSAS despite the fact that coffee is
known to disturb sleep. The similar result was appreciated
with alcohol that is well known for its depressant action/
loss of muscular tone. However such insignificant rela-
tionships further needs to be validated specially with a
larger sample size. Moreover smoking also did not shown
any difference in association with OSAS vs snorers. Such
conclusion cannot be drawn from this study unless the
details of smoking (frequency, pack-years, type of smok-
ing) be analyzed. Surprisingly however an insignificant
difference was appreciated in the sleepiness score as well
as snoring-intensity (that is definitely expected to be more
with OSAS) between OSAS and snorers. This further
suggests that a larger sample needs to be studied for con-
cluding the same and by including this software in the
process of patient management, such study would be much
more feasible.

Absolute (100%) compliance can be expected through
the use of the second algorithm based online software.
Since OSAS is a disease of the ‘rich’, this population has a
definite access and knowhow of computers. A timely, self-
reported data free of any observer-bias is likely to provide a
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timely assessment of the disease course as well as help in
accumulating a quality data through patient participation.
Till date a lot of applications and reports [4—6] regarding
incorporation of computer algorithms and artificial intelli-
gence have appeared with an aim of better assessment and
management of sleep related disorders. However none has
focused on the subjectivity of the risk (severity) and for
screening the occult disturbance in evolution in general
population. In addition no reports have further targeted the
compliance issues. Hence this concept of assessment of
symptom subjectivity as well as improving the compliance
will facilitate a better patient care.

The concept of pre-clinical self/assisted assessment
through a computer software can revolutionize the man-
agement of each and every disease that otherwise seems
trivial but can have devastating long-term consequences.
This may further be translated into a Android smart-phone
based application as well. A country like India with largest
and cheapest Mobile network can well enable a better
patient  screening/management/follow-up  assessment,
especially considering the enormous patient vs. doctor
ratio. Moreover the data so collected can be well utilized
for assessment of the burden/pattern of various diseases
and hence may be extremely useful for policy planning in
due course. This can further enhance the rapidly upcoming
concept of maintaining detailed electronic clinical records
world-wide. India with its enormous population is very
likely to contribute to a large data while incorporating the
concept of big-data management and artificial intelligence
with such computer based programs, will definitely revo-
lutionize the approach towards global health.
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