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Abstract

Background: Sleep disorders are among important challenges for health policymakers due to its high prevalence and very high
economic burden. Effect of air and noise pollutions on sleep quality and disorders has been proposed.
Objectives: In the present study, the geographical distribution of people diagnosed as insomnia in Sleep Disorders Research Centers
(SDRC) in the western Iran was investigated.
Methods: All patients with primary insomnia who diagnosed by polysomnography (PSG) in SDRC between 2011 to 2019 were re-
cruited. The postal addresses of participants specified by a geographical coordinate represented longitude, latitude, and vertical
position. These geographical coordinates converted to Geographic Information System (GIS) and addresses were located on the
map. Then participants were divided into noisy and quiet environment groups based on their distance from highways, boulevards,
and streets. Subjective and objective sleep characteristics were compared between these two groups by independent sample t-test
or U Mann Whitney test using the Statistical Package for the Social Sciences (SPSS) version.22.
Results: Of 78 participants, 47 were from Kermanshah city, 19 were from counties of Kermanshah province, and 14 participants
were from Kurdistan, Ilam, Hamedan, Lorestan, Khuzestan and Tehran provinces. The location of all participants was presented on
GIS maps. Result didn’t indicate any significant differences in sleep characteristics between the two noisy and quiet environment
groups.
Conclusions: Most insomniac patients investigated in the SDRC come from Kermanshah city. Patient with insomnia may reach a
level of the pathophysiological condition in sleep-wake regulation systems that lead to problematic sleep characteristics indepen-
dently from environmental noise.
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1. Background

Sleep is a cyclic physiological demand of human be-
ings that leads to elevation of threshold response to stimu-
lus and immobilization. Seven to nine hours of sleep daily
is recommended for a healthy life (1). Sufficient sleep is nec-
essary for cognitive, motor, emotional, and endocrinology
functions. Insufficient sleep could increase all-cause mor-
tality rate (2, 3) and the risk for obesity (4, 5), mental (6), car-
diovascular (7), and immune system problems (4). Insom-
nia is a more prevalent sleep disorder is a problem of in-
adequate sleep that resulted from unrefreshing sleep, fre-
quent arousal and waking up from sleep during the night
with difficulty returning to sleep, and waking up too early
in the morning. The problem should be repeated three
times a week for six months to perform insomnia (8).

The prevalence of sleep disorders has been estimated
as 52.1% in adult’s general population. The estimation was

42.5 for insomnia (9). The prevalence of insomnia among
Iranian adults was reported as 59% (10). Investigations
revealed a very high economic burden of sleep disorders
specifically insomnia (11). So, sleep disorders such as in-
somnia are an important challenge for health policymak-
ers and researchers worldwide. But insufficient knowledge
about sleep problems among clinicians and the general
population lead to underestimation of sleep disorders (12-
15). Due to this condition many people in the general pop-
ulation scrimmage with sleep disturbances without any
diagnostic and treatment help. These people suffer from
reduced quality of life (16), higher risk of motor vehicle
crashes (17, 18), occupational problems, and emotional dys-
regulations (19). This condition highlights the necessity of
education about sleep and insomnia among the general
population and related healthcare staffs. Despite the im-
portance of this issue, the awareness and knowledge of the
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Iranian population about sleep disorders are insufficient
(14, 20).

In Iran as a developing country, sleep clinics start to de-
velop throughout the country in the recent decade. Ker-
manshah University of medical sciences (KUMS) inaugu-
rated the first sleep clinic in western Iran as Sleep Disorders
Research Center (SDRC) in 2007. SDRC is the only sleep cen-
ter in the west of Iran from 2007. In the present study, we
aimed to look at the geographical distribution of people di-
agnosed as insomnia in SDRC from 2011 to 2019. Studies in
developed western countries confirmed the destructive ef-
fects of environmental noise such as traffics and airports
on sleep quality (21, 22). Noisy environment leads to fre-
quent awakening, dysregulation of the autonomic neural
system, reduced total sleep time (TST), reduced slow-wave
and rapid-eye-movement (REM) sleep, and low sleep qual-
ity (23-25).

2. Objectives

Data about the effect of the noisy modern environment
such as airports, highways, and factories on the sleep qual-
ity of people who live around these places is scare in Iran.
So, we also aimed to look at the effect of the location of pa-
tients’ houses on sleep characteristics.

3. Methods

3.1. Location

Kermanshah is a province in western Iran. Kurds are
a prominent ethnic group lived in Kermanshah. Kerman-
shah Province accounts for 1.5% of the total area of the
country. This province is limited from north to Kurdis-
tan Province, south to Ilam and Lorestan Provinces and
east to Hamedan Province. Kermanshah province is among
the provinces with low socioeconomic status. Based on
the 2016 Census of Population and Housing, the province’s
population was 1,952,434 (about 2.5% of the total Iranian
population) with an estimated unemployment rate of 22%
in 2016. This province is composed of 14 counties and has a
total land area of about 25,009 km2 (26).

3.2. Participants

All patients with primary insomnia who referred to
SDRC in Kermanshah among 2011 to 2019 and their insom-
nia condition were confirmed by a sleep clinician based
on subjective and objective sleep investigation were re-
cruited for the present study. Sleep characteristics were
investigated both subjectively by Pittsburgh sleep quality
index (PSQI) and objectively by whole night polysomnog-
raphy. People who diagnosed primary insomniac patients

by sleep specialists based on subjective and objective sleep
investigation were recruited for the present study. All pa-
tients were interviewed by a psychiatrist for any psycho-
logical and neurologic problems. All demographic infor-
mation including gender, age, drug, and alcohol use and
use of opium were recorded in a self-reported demograph-
ics form. Any psychiatric and neurogenic disorder uses of
opium and alcohol, any sleep disorder other than primary
insomnia were considered as exclusion criteria.

3.3. Procedures

All patients completed the PSQI. The questionnaire
documented the sleep characteristics in the last month
subjectively. PSQI is an effective instrument used to
measure the quality and patterns of sleep in the older
adult. It differentiates “poor” from “good” sleep by mea-
suring seven domains: Subjective sleep quality, sleep la-
tency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleep medication, and daytime dysfunc-
tion over the last month. The client self-rates each of these
seven areas of sleep. Scoring of the answers is based on a 0
to 3 scale, whereby 3 reflect the negative extreme on the Lik-
ert Scale. A global sum of “5” or greater indicates a “poor”
sleeper. if 5J is not complete or the value is missing, it now
counts as a “0”.

Then all patients undergo a whole night polysomno-
graphic investigation (SOMNOscreen™ plus PSG produced
by SOMNOmedics GmbH, Germany) with monitoring of
the thirty-eight-channel including eight electroencephalo-
gram scalp sites.

All patients documented their home postal address.
The postal address specified by a geographical coordi-
nate represented longitude, latitude, and vertical position.
These geographical coordinates then converted to Geo-
graphic Information System (GIS) version 14 (27) and ad-
dresses were located on the map.

Then locations were divided into two groups based on
the distance from highways, boulevards, and streets. Ad-
dresses that located outskirts of airports, factories, high-
ways, boulevards, and crowed streets were classified in a
noisy group. The groups involved all houses that located
on the side of the highways, boulevards, airports and main
streets. Houses that far from these noisy places and lo-
cated in the side streets and alleys were classified a quiet
group. Then subjective and objective characteristics were
compared between these two groups.

3.4. Statistical Analysis

The descriptive finding was presented for all partici-
pants. Then demographic and sleep characteristics were
compared between noisy and quiet location groups by in-
dependent sample t-test or non-parametric Mann-Whitney
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U test. For normal and non-normal distributed variables.
Distribution of data was analyzed by the non-parametric
Kolmogorov-Smirnov test. Statistical analysis performed
by The Statistical Package for the Social Sciences (SPSS) ver-
sion.22. P value lower than 0.05 was considered as signifi-
cant.

3.5. Ethics Code

The Research Ethics Committee of KUMS approved this
study process on (Code: IR.KUMS.REC.1397.444). Written in-
formed consent was obtained from all participants.

4. Results

4.1. Demographic Findings

Eighty participants with insomnia consisted of 40
males and 40 females eligible for the study according to
including and excluding criteria. Of 80 participants, 63
(78.8%) were married and 17 were single (including 2 di-
vorced and 15 unmarried people). They included 3 illiterate
people and 27 participants with graduate and undergrad-
uate education. Fifty participants reported primary (23
participants) and high school (27 participants) education.
Seven participants reported smoking and 5 reported opi-
oid use. Except for 7 participants, all other participants re-
ported regular daily drinking of tea but only 3 participants
reported regular daily coffee drinking. Of 80 participants,
47 were from Kermanshah city, 19 were from counties of
Kermanshah province, and 12 participants were from Kur-
distan, Ilam, Hamedan, and Lorestan provinces. Other de-
scriptive demographic and sleep characteristics were pre-
sented in Table 1.

Table 1. Sleep and Demographic Characteristics of Participants a

Min Max Values

Age 16 70 45.11 ± 12.28

BMI 18 51.2 27.01 ± 4.72

PSQI Subjective Sleep Characteristics

PSQI total score 5 21 14.6 ± 4.01

PSG objective Sleep Characteristics

TST 2.05 8.06 6.12 ± 1.22

SE 26.4 98.5 79.54 ± 15.07

Wake index 0.6 25.7 6.46 ± 5.21

Arousal sleep index 0.7 45.9 20.05

Abbreviations: BMI, body mass index; PSQI, Pittsburgh sleep quality index; TST,
total sleep time; SE, sleep efficiency.
a Values are expressed as mean ± SD.

4.2. GIS Findings

Figure 1 demonstrates the geographical distribution of
participants all over the country. Figure 2 illustrates the
geographical distribution of 70 participants who lived in
Kermanshah province. As demonstrated in the most most
participants lived in Kermanshah city. According to the Fig-
ure 3, participants were widely distributed in different re-
gions of the city. Based on these geographical locations, pa-
tients were classified as a noisy group (outskirts of the air-
port, factories, highways, boulevards, and crowed streets)
and quiet group (located in the side streets and alleys). Ac-
cording to this classification, 8 participants were classified
in the noisy and 72 participants were classified as a quiet
group. Then sleep characteristics were compared between
these two groups.

According to the result of the Kolmogorov–Smirnov
test, distribution of age and arousal sleep index are normal
but other variables have non-normal distribution. So, age
and arousal sleep index were compared between groups by
independent sample t-test but other variables were com-
pared by non-parametric Mann Whitney U test. Result
didn’t any significant differences between the two groups
in all variables (Table 2).

5. Discussion

In the present study, we presented a geographical dis-
tribution of insomniac patients who refer to SDRC in Ker-
manshah from 2011 to 2019. According to the result, most
patients lived in Kermanshah city. SDRC is the only sleep
center in the west of Iran. Of 72 patients, only 8 par-
ticipants were lived in noisy environment. There were
no significant differences in sleep characteristics between
noisy and quiet environment groups. Knowledge and
awareness about sleep disorders among the general pop-
ulation are poor in developing and developed countries
(13, 15). This condition also reported among the Iranian
population as an important health issue (14, 20). Studies
even reported insufficient knowledge about sleep disor-
ders among healthcare providers (12). The present finding
indicated that most insomniac patients who refereed to
SDRC were from Kermanshah city, the city that SDRC has
been located there. In addition to the availability of a sleep
clinic, this finding may result from higher knowledge and
awareness of healthcare provider in Kermanshah city com-
pared to other cities in the west of Iran. This finding is
highlighted when considering that all patients who under-
went PSG in SDRS are referred from physicians. So, we can
assume that physicians of Kermanshah city referred more
patients to SRRC compared to neighboring cities. This con-
dition may result from a higher knowledge of physicians
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Figure 1. Overall geographical distribution of participants in Iran

Figure 2. Geographical distribution of participants in Kermanshah Province
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Figure 3. The geographical distribution of patients with insomnia in the Kermanshah City

Table 2. Comparison of Demographic and Sleep Characteristics Between Noisy and Quiet Environment Groups a

Noisy Group, n = 8 Quiet Group, n = 72 Statistical Values P Value

Age, year 41.12 ± 14.25 45.55 ± 12.07 0.73 b 0.46

BMI 25.97 ± 3.76 17.13 ± 4.82 237.50 c 0.41

PSQI score 12.71 ± 5.25 14.78 ± 3.86 186.50 c 0.27

TST, hour 5.82 ± 1.62 6.15 ± 1.18 254.50 c 0.63

SE 75.82 ± 19.62 79.96 ± 14.59 255.00 c 0.63

Wake index 7.08 ± 7.51 6.39 ± 4.95 276.50 c 0.9

Arousal sleep index 21.01 ± 5.01 19.94 ± 9.41 -0.31 b 0.75

Abbreviations: BMI, body mass index; PSQI, Pittsburgh sleep quality index; TST, total sleep time; SE, sleep efficiency.
aAll variables presented as mean ± standard deviation.
b t-value
c U-value

in Kermanshah city. SDRC has held regular training course
about sleep disorders for physicians, psychologists, other
related healthcare providers, and related syndicates in Ker-
manshah. These regular courses have a positive impact on
raising awareness and knowledge of the general popula-
tion and healthcare specialists about sleep disorders. Ira-
nian health policymakers should consider this issue for
promoting sleep medicine centers and staffs all over the
country.

We divided the participants into two noisy and quiet
environment groups according to their addresses. Then
the two groups ere compared for sleep characteristics. The
result didn’t reveal any significant differences in total sleep
time, sleep efficiency, wake index, and arousal index. This
result differs from previous reports that indicated the ef-
fect of noisy environment on sleep characteristics (28-30).
Participants who recruited for the present study were di-
agnosed as insomnia by a sleep clinician according to the
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detailed clinical interview and a whole night PSG investi-
gation. The disorder has a heritability coefficient between
42% and 57%. Pathophysiological studies revealed an im-
balance between arousal and sleep-inducing systems. This
imbalance may observe as a sleep-inducing system’s hy-
poactivity or arousal system’s hyperactivity (31). Studies
confirmed the interaction between insomnia and anxiety
disorders (32). So, insomnia as a disorder may associate
with an endogenous anxiety condition that resulted from
internal and external anxiety triggers. But when the con-
dition is triggered and lead to insomnia, it works indepen-
dently from environmental factor such as environmental
noises. So, the noisy environment may trigger insomnia,
but when the disorder starts, sleep characteristics are not
affected by noises in the environment. Setting up a sleep
clinic is a money consuming process, so making knowl-
edge available for the general population by national and
local media, as a school- and university-based lessons and
public books about sleep is necessary for the general pop-
ulation in Iran and other developing countries.

5.1. Conclusions

The general population and healthcare’s knowledge
about sleep disorders may be improved by university-
based clinical and research centers. So, most insomniac
patients investigated in the SDRC come from Kerman-
shah city. Result didn’t indicate any significant difference
in sleep characteristics between insomniac patients who
lived in noisy and quiet environments. On the other hand,
insomniac patients suffer from sleep problems indepen-
dently from the region of the city where they lived. Patient
with insomnia may reach a level of the pathophysiologi-
cal condition in their sleep-wake regulation cycle that in-
dependently from environmental noise leads to problem-
atic sleep characteristics.

5.2. Limitations

Limitations of this research include: The subjects in the
two groups all had sleep disorders, no sound metering was
performed, and no factors such as the type of building and
its insulation were considered. All subjects studied were
those with severe degrees of sleep disorder who referred
to the SDRC. In addition, low sample size is an important is-
sue that should be considered for interpretation of precent
results. We didn’t consider any normal sleepers as a con-
trol group. In addition, we didn’t measure the exact noise
in decibel. Previous studies confirm the effect of intensity
of noises measured as decibel on sleep quality (28, 30). An-
other study revealed that anxiety as an intermediate vari-
able can adjust the effect of noise on insomnia symptoms
(33). Both noise intensity and level of anxiety didn’t mea-
sure in the present study.
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