[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOl 10.53208/JOHE.11.3.207 ]

AR

UMSHA Press

J Occup Hyg Eng, 2024; 11(3): 207-221 Doi: 10.53208/joohe.11.3.207

JOHE

Journal of Occupational Hygiene Engineering

https://johe.umsha.ac.ir

)

Check for
updates

Experimental Investigation of the Effects of Environmental
Factors on Physiological and Neurophysiological Responses of
Drivers in a Simulated Driving Environment

Mohsen Aliabaditl

, Rostam Golmohammadi?, Mohammad Oliaei3, Mohammad Babamiri?,

Javad Faradmal®, Ramin Rahmani®”

1. Department of Occupational Health and Safety Engineering, School of Public Health, Occupational Health and Safety Research
Center, Hamadan University of Medical Sciences, Hamadan, Iran

2. Department of Occupational Health and Safety Engineering, School of Public Health, Health Sciences Research Center,
Hamadan University of Medical Sciences, Hamadan, Iran

3. Department of Occupational Health and Safety Engineering, School of Public Health, Shiraz University of Medical Sciences,

Shiraz, Iran

4. Department of Ergonomics, School of Public Health and Social Determinants of Health Research Center, Hamadan University

of Medical Sciences, Hamadan, Iran

5. Department of Biostatistics, School of Public Health and Modeling of Noncommunicable Diseases Research Center, Hamadan
University of Medical Sciences, Hamadan, Iran

Article history:

Received: 24 October 2024
Revised: 12 January 2025
Accepted:05 March 2025
ePublished: 17 March 2025

*Corresponding author: Ramin
Rahmanim, Department of
Occupational Health and Safety
Engineering, School of Public
Health, Occupational Health and
Safety Research Center, Hamadan
University of Medical Sciences,
Hamadan, Iran

E-mail: Iraminrahmani@gmail.com

Abstract

Background and Objective: The reduction in driver mental performance can lead to
driving errors and accidents. Given the importance of mental performance in driving
and the limited research background on the effects of physical environmental factors
on drivers' cognitive performance, this study aimed to develop a method to analyze the
short-term effects of exposure to noise, vibration, and unconventional temperature
conditions on physiological and neurophysiological responses in driving using a
simulator.

Materials and Methods: This research was conducted in a laboratory setting with the
participation of 43 drivers. After meeting the entry criteria for the study and receiving
preliminary training, the drivers were exposed to traffic noise, whole-body vibration,
and temperature changes both individually and in combination. The effects of these
factors were assessed using cognitive tests and physiological measurements.
Subsequently, a statistical model was developed to predict the impact of these factors
on cognitive performance and arousal.

Results: The results showed that the respiration rate increased with higher vibrations
and noise, while systolic blood pressure rose in response to increased vibrations and
decreased ambient temperature. The NN Mean, RMSSD, and SDNN indices were
associated with vibration and temperature, while the LF/HF index was related to noise
and temperature. In addition to environmental factors, age and body mass index were
also significantly associated with changes in some of the studied indices.

Conclusion: Based on the results of the study, it was found that environmental factors
had significant effects on physiological and neurophysiological responses. The
simultaneous use of both physiological and neurophysiological responses provides a
better explanation for the mechanism of environmental factors on drivers'
performance. The results of this study may serve as a foundation for field research.

Keywords: Driving, Heart rate variability, Neurophysiological, Noise, Physiological,
Temperature, Vibration
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Extended Abstract

Background and Objective

Driving is a complex human-machine interaction
requiring drivers to quickly process information from
the road, environment, and vehicle, necessitating high
cognitive performance [1, 2]. Cognitive performance
includes mental processes, such as judgment,
decision-making, and alertness [4]. Disruptions can
affect attention and reaction time, increasing accident
risk [5]. The driver's cognitive reaction involves
perceived judgment, cognitive judgment, and reactive
judgment, where failure at any stage can lead to errors
and accidents [6]. Environmental factors, such as noise
and vibration, influence cognitive performance, with
noise acting as a stressor that reduces accuracy and
increases psychological disturbances [9-11]. Whole-
body vibrations can cause fatigue and stress,
negatively impacting performance [13, 14]. These
vibrations affect perception and are associated with
back pain and heart rate changes [15, 16]. Thermal
conditions in vehicles are also important; temperature
significantly contributes to accidents, with over 50% of
visual signals lost under thermal stress [19]. Cold
exposure can impair alertness and recall, initially
increasing arousal but leading to more errors over
time [17, 20, 21]. While many studies focus on
individual physical factors, their combined effects
remain underexplored, leading to conflicting findings
[18]. This study aims to assess the separate and
simultaneous impacts of noise, vibration, and
temperature using a driving simulator.

Materials and Methods

This laboratory study involved 43 professional drivers
using a driving simulator, vibration platform (1-100 Hz),
traffic sound generator, and cold air supply for
physiological measurements. The sample size was
calculated using G*Power for 80% power at a = 0.05
[50]. Participants, aged 18-50 with at least one year of
driving experience and no major health issues, were
recruited via the Divar application. Ethical approval was
obtained, and written consent was secured. After
screening, participants received training on the
simulator. Baseline physiological parameters were
recorded before a 45-minute driving session with
environmental factors set. Traffic sounds were played
through speakers, and whole-body vibration exposure
ranged from 0.45 to 1 m/s2. Participants had a mean age
of 41.28 years and 13.33 years of experience. Vibration
exposure was assessed according to 1SO 2631 standards.
Traffic noise averaged 76 dBA during peak hours, with a
control group at 55 dBA [21]. Cold conditions were set at
10°C and moderate comfort at 24°C [48]. Physiological
measurements included heart rate, blood pressure, and
heart rate variability (HRV) [28]. The Generalized
Estimating Equations (GEE) model analyzed the effects
of environmental and individual factors on responses,
using SPSS version 20 for statistical analysis. Logarithmic
values of HRV indices were applied due to non-normal
distribution.
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Results

Significant relationships were found between
vibration, environmental temperature, and systolic
blood pressure, with increases in vibration and
decreases in temperature correlating to higher blood
pressure. Traffic noise had no significant effect on
systolic blood pressure, though there were increases
during exposure. A significant relationship existed
between vibration and heart rate, but not with traffic
noise, workplace temperature, age, or body mass
index (BMI). Vibration and noise also significantly
affected respiratory rate, with no significant
correlations found for temperature, age, or BMI. The
models for systolic and diastolic blood pressure had
higher coefficients of determination (R?=0.328 and
R2=0.228, respectively) compared to heart rate and
respiratory rate (R>=0.068 and R2=0.099, respectively).
Significant relationships were found among noise,
workplace temperature, and the low frequency/high
frequency (LF/HF) ratio, with increases in both
correlated to higher LF/HF. However, no significant
correlations existed between vibration, age, BMI, and
LF/HF, although LF/HF increased with vibration.
Significant relationships were also observed between
vibration, workplace temperature, and the NN Mean
index, while no significant link was found between
traffic noise and the NN Mean.

Discussion

About 75% of road accidents result from human error
[30]. Environmental factors, such as noise, vibration,
and temperature, can impair driver performance. This
study examined physiological and neurophysiological
changes in response to these factors. Results showed
that systolic blood pressure increased with vibration
and decreased with temperature, while traffic noise
had no significant effect [31]. Heart rate showed a
significant increase with vibration; however, no
correlation was found with noise or temperature. The
breathing rate also increases with noise and vibration
[33, 34]. Changes in neurophysiological indices, such
as NN Mean and LF/HF, were linked to temperature
and noise, with higher LF/HF indicating greater
sympathetic activity and stress [35, 36]. Maintaining
adequate HRV levels is crucial for drivers' overall
health and can reduce health risks [28]. Individuals'
mood can affect their sensitivity to environmental
factors. Lorenzino et al. found that negative moods
reduced physiological sensitivity to vibrations [38].
HRV changes are influenced by both physiological and
environmental factors and depend on a person's
health and mood. This study examined drivers'
responses to noise, vibration, and temperature,
considering factors such as age and BMI. Regarding the
limitations of this study, it is important to note that its
laboratory design may not accurately reflect real-
world conditions due to the artificial control of some
factors. Additionally, the sample size was limited by
individuals' unwillingness to engage in multiple
scenarios and the increased study costs. Therefore,
similar studies are recommended to be conducted in
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real-world environments.

Conclusion

The study found that exposure to traffic noise, vehicle
vibration, and environmental temperature affected
physiological (e.g., blood pressure, heart rate, and
respiratory rate) and neurophysiological indices (e.g.,
LF/HF and NN Mean) in drivers. However, not all
environmental factors showed a significant

relationship with the examined indices. Some
indicators significantly correlated with noise but not
with vibration, while others were related to vibration
but not noise. Overall, simultaneous examination of
both physiological and neurophysiological indices is
essential for accurately identifying how environmental
factors impact driver performance. Future studies
should continue to assess both types of indices.

va | VP 1l o oylous ) 093 (g1l > Coblagy owitpo alimo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

JOHE

Sl > Cuilig (weigo dxo
YoV-YY) :Olxio AFY 30l ¥ o)l N 0y
https://johe.umsha.ac.ir

UMSHA Press

Tuceo S 30 (W 5 S o899 199599 9 K9 598 9 D SLEWL 3 (T Jolgs i (9 920 (w y 9

M Sy cmely EJlos 8 0lg2 6 mall waze T oy lile oo I guaalS wiw

oS jlwdais (Tl

L PP PR

Oldes laen (Sipele olSisls ( Jid giesl g cudlagy Sladod 35 e g Sublagy 0aSisls IS giesl g (slad > Cudilagy owdige 05,5 A

ol

olplialaes (laan ( Sippole oiils ¢ silag pole Slibod 35 0 9 Colilage 0uSidls IS sl g (glad,> ciblogy gwiige 09,5 Y
Ol Sl limd (Sbpypsle olfails woblagy 0aSasls IS gtal 5 gl Eotlagy gdigo 09,5 ¥

Olrl e laes Sojpesle olfasls cwdls  f5e eloiz Jolge Sliiz 55 50 § coblags 0aSails (oagisS )l 09,5 .8

Olrl plaes plaes (Sigpsle olKails iS50 slacs lons silodsn Slighon 35 0 5 Cedlagy 0aStils o gy jlol 05,5 .9

ouuS>

Caodl 4 a>g b 0gd yomie Bolai 5 (Sauil) 10 Uas 4 wilgs e oaily 203 & Shee hals 180 g alslw
OBl god o Slee o (So5d Julse Sl ais ;o Glidss sgame Gilgw g (Sauly o c0d o Slee
ol Skt 3 ol Sl 5 Saslaiadeysh 3 Seisloesed cslogenly

3959 Laslyd 5ol 51 g o bl oaiil, FY 8 JLie b alEtylesT a4 Gadow el B SY8) 9 oo
5 ot plos GBlas | S5 (gl pma s iy g w38l Bl Sl igel 5 B &
sloosls (5, Sojluil 5 Lt slagigal b Jalse ol S5 085 115 o555 ke &ypmty glod Sl s
S5l g (3 0 Shes (59 52 Sl il Bl i sl )lel Je Gums 12005 (o) 2 Sajslsn
A 0010 drwgs

Lo 1ol 5 blasf Gal3l b St (55 )Lt 5 (ol o 5 (3| (1ol L (uis sl BAISL
lawo L LF/HF _a3Ls 4 Les  Lslas,l L SDNNy RMSSD NN Mean sla jasLs il il3él Loxe
slopasls jl (Fp Slki b 55 (S 005 patlh g e caeme Jale pegdle iog s e Led
il bl | asllass jge

5 Seislorsed ol 52 s folinn I hagma Jolpe 0 et cadlln gl olaly (S S AS
A S 5ol 518ns08 5 Saislpised cologiuly atans 33 0 Sl lojed oolitud 15fs Sysolessadss
Slason gly i Wl o dnlllae ol bl WS 0 4z g8 g | oBauly o See 5 showe Julse

a3l Slase

Los 3| s Sl So35d5 328 9,95 ol lipd 6y pesd «Su3elen i i6lS (B39

VEY/ AL rallio el yo fu )b
VEY) VY callile g g,
VYNV sallio b ydy gu b

VESYNYYY callio HLacsl b

Sy ple oSudls (gl i B> caled
ol Ligios Jren

(Slom ) el ) i) i o g5
0SSl ¢ g gzeiily Dlaaod aieS

Ol  Sipeele oSidls ciilage

Sl olan

Iraminrahmani@gmail.com: ||

Slagal p Jame Jalse 51 0ym0 oy omaly ez, t0lgm (Jlossh taemme (6 mabl thazme « olde toiu, (soemalS trpumme (gobT e ol
YoV-YYV NN FY 50 (slad > cublagy (owiige aloe oad gjlodnct (Sasil, lase o 50 oBanil, So5s)e adg 95 9 S5el92

‘) 44.1.5.: d..L.ws 9 Jaw ‘aél? )l on..S uLC)UG‘ )l Lgol_\)

EVRY-N

— okl Jolss 5l ooz asbeles S ouiaS ol (Soly Jad
Ol s Lyl G 50 dden oaily ] (b o a8 el aile

VEoT 5l o o ybouds 1) 0530 lad y> iy smsckideo Alo | n


mailto:1raminrahmani@gmail.com
https://orcid.org/0000-0001-5331-2540
https://orcid.org/0000-0001-5882-3825
http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

DA avl
Soal plEaLl) gl o Shee ;5 &5 (poge ame oo
b Jelis 125 Sl s by 21 (ole )5 Ll 5 o0l
aS sl 00lo litd oaoiec VL 48 (55 g0 A Aoy Esly> |

g Lod eyl is e Sie Slolas o o;.c.ﬂ; Jole oo
Ol pliiore slaaidly (rizen el 035y Solg>  S5e Jolo
» OBl gra U oy B 5l s oS deo e
Mgee jsbar g canl ad; cens Sl (Sl Gl Ll
sl (g2dls ool yo Sasly cele iy Jsb jo (55lo sxe
2t lgioe Loy b agrlse [VA] ol iy )] ppols oo
Gzt 5 IVl (5ol 5 L) aliblo S a5 s lobgn
e Sood byl V) Y- OV] aal sl i L5l IS
S 5o Sgnge 4 il )3 a5 098 (eSSl el Wlgi oo Loy L
Loagzlse Soe ol S Vb b oaslsl )5 Ll gl oo 2
e 86 IV ot o e o Slae oy 0 oo
Sly ey g lala Gl lB) Ojpod Wi oe Loy
LVF] 55 o0l Lt 5 ¥sb

s¥los 5 (Sepd Jalye Sl aipegys Slalllas sz
Soslaiwl b allilel slalasrs jo alflas & g0 Bal,
Jolse crl Olojea DUl (g el oo plonil (Sl jlaacs
ol b 4 Slllas 5l sasloansa gl ¢ wlaxs 5 ks o 1,
5 Sl oSkee o S g lae ohga else
@l 5 ail Sple o b wiles,S s 1) Soisls 58905
o yol adlas 5l Gan DDAl el oass ol join alad
cboasls 5 Lo 5 i)l das lojes o alflas ol
53 Sl loand loslinul b Suiels 89,05 5 Sujelen
el 2iolosl Lae

SLETTY)
S5 Wgel g adllo o/pb

OBl 518 FY (g9, pBlesl & jgoa 1ol anllas
laosls 6 yslaaz (sl osliilsgo Slingos b plosl (glad >
b syl adgs iy o Fadl) slead Jold asdllae ) o
S Sl g 5pm Ve B laguls B0 il )| wdgs Ul
s L3 Y X Sz aw pp 50 4l i p e Ve ]
lod opals wilolis dos iy (sl 5F 0l 5 Sl 5 g g
Jidleys 5 Nexus-4 olfins (oabigiloblyd) 0w slsa
5 Suigdnid sbyull xSelwl cw>  Biotrace
292 S35l 90 589 95

JB lie o eadile Ubgy ieluly wiges o5l amslone
S5dle 50 Slawlre .l oals ploxil (Y+ - V) ] e ¢ (Faul)
ALl el Gl g O=2/+0 polie wluly 3 G*Power

Oygoty Jolse plos cenl S3LLE [F-laas auls wo s

e O8les g aiS 380 Dglad g Jlodigd o e s
Selie 5l (Sl S g e onlpl [V O]zl asls 5
Jo ol jo ol e adb e 5 VL (85 slagaieils b ol
Acgazmo bd 5 Sl [f] Al sl Jed b oed o Sles
oss! C.;bi.é.‘; 3 ‘Smlf'I 5 Sy a4 a5 cul (6,58 anls
(S Sl g Dgldd slaojex 5l (orewy b g Sslxiloe
5y sapyd |y alaile gy5lols 5 (5 )Lbsn (s par Sz s
wzg ,e Pl el wlge 0 o Shee o Pzt [¥]
(S SN S S peal 0] Sl S e
@lwoje> iz 5o Rl g 0gh uiSly oy 5 DledLI 3ls
LUl QLS 6l 5 e o o, Shas alS b ad cwdla
Josll S [0] ams Gzl 1) @olg liee Wlgi o 5 0l
> o 1358 (G Al e A 4y Wl oo oudl) SBLS
Ao ye g bl Gglad al> o wal Sy b 8l Dglad
sl 4wl cpl jlaloye ja 0 cass  LauSTy oglad
L8] s GBolas ey conl (e 5 055 0 ymio Sl

03 3 Slas 5 NS S1 Glay S Glgieds (goaxte Jolge
Jolse lgecos Jalse nl 5l 29,5 iloads b me Slalllas ,
ALl s el digh oo il )15 Lanzme (So 58 b (Jare
Ceol Gl SIS ey Slalllas I (S b s> bl s
Sl 5 (K (2035 Shos (59, 2 W5l o0 Jalge (nl &S
oo ogas ;3 ohg sobar [A VY] aisly 38 51 Syjelg 508
e Sl il le G Glgieas las a5 conl ol ezl
Oladd ae codled o s pas (gled el el wilgs go
NS CEY I RCAVLN FES IR [ PR C T RE ST DU
098 SeeSimsl (B (Solo 5 93 )Lad 0 Shes S iOls
a2 go Ll 1) (S5l o Sy lgieas T [11-4]
2 NSl el i8S )8 axgio g0 S gedge (pl &S
5 98 kes (5,55 Bl ool (5500 S 2 Gl SIS o]
abi b (Sl b o,Sles )l wsSne U alall, S5 Sl
sobar b g abis ol oo (28 O 5l g tal3Hl sllas
9 ,8lnl Sdib 50 i b gl (Sliles o3gaome gy
D] el glice ¢ adsn 5 60,8 Jolse S50

S G5 Gy pled Bl o yme 5o HlEaL]) S0,k
2 ool (B)lse g 99d il g (S el Wl s oS
oladl oy 4 sad e alas,l DVF Y] sl axsls o Slae
Syl sl o) 5 SH s B st e Sl e
aile o Sielge e slagiaSly b A1 L agzlge Guizmen
ololyy DF 0] o)ls Bli)l b8 by lyss 5 50,08
5 S e olas ] assls bl o) Ses 5 Slos, a5 slasllas
I3 bess 1) Basl, ed o ,Shee Wl oo a5 ol ulse
gty oiily (S s oiitans 530 Wil o bl Y] s
O ozge 9wl ails oaidly p (Sopd eyl (B
220 AalS 1) 3,8 0 Slee wlgioo o5 09h (JSLD 5 (S5

m | VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

Slodas Bubo g0 j0 Fauly g0 (S8l slas sy (ly
A/O as.s City Car Driving 38l 5 & ,bsl 45 ob coas
Tl s 0,5 o ity Jlednd s o 1) S8l S glas
ools I3 Fasly j4e8 LS 0 SVAN97I-SVANTEK Jase
sloodls (bl (uizmed 0005 @il (Fgo jLid 5l g ab
OB il agzlye (i 5eils (Sl slacs S osluil 5l ol
ool calizee Lalys g8 50 auples (ol )l b (5)lgm 9,995
Jidle s Ll s a8 el 3G s 121 ) m/S? B+ /FO o
el Sauly pKis 40 V0 ass City Car Driving
SEA] Vgane cosls i o wl b iy L3158 Lyl
aS oS o Sauily m e ls S oo oolasul jluad laS
[E] Sedso e By 4 6,18 b il s 4
ab dpog o]y a4 dald ool 5l S ol jelateds 00l
Ly odddog jlre o Gluand L Sauly pKn o
(Sl e 0 Syserplpeye a5 asS cule, 1) sleans
obj Ceyw b a5 ol oo e Basly 4 jleans l38le

03¢5 Ll g I8 adslu (yw (0 Silko Sl oS es b
OIYF (Jlo (FALYY ) FVYAL QAT L ol s b 4y S
G YA ) YOIV 2 OFIAF o Jlo (YO B O o) YWY £
g gaye e p oS ok (VYIV:

A g Jolre Slid jlxe o> ISO YEYY o jlailinl b sillas
el A sl (Caz aw ol G ples oles )l o cudlye
o0l Gad 4l j9dome p ye /Y g AV S5 4 agzlee
8 Oldlas jo a5 Lol )l Olld eogasme «yuiren Cawl
L‘:J‘ Al wsw‘a..\.w r U“\JPL‘” L)"l"')‘ s.)‘).i‘ ua9.¢:.">)o
wlfjﬁ 009 )..SLA.> 9 o 0992 Mb)sm 2 oy Yt
Ivel ol 5,0 00 BV (LS Sldlas o aslllassjge 3lss )|
Dolog iy ;o Lol Gl 3 aS sl oals (5,155 ¢ puizman
[E] Sl 5, V=Y o o aldss

&9 obls Ll 5l il 5,055 (3l 4l 4 4z L
€5 99,95 0,55 lime )093 g9 (oS pu wdlin
6&3)055 wl.u)‘ u‘]uo Q)jyb..- [ Cow! o).:.é 9 uS...u.uy
oolazuwl ‘J.JW as ‘59)555 &5.) IN ‘Q‘JJ‘ B oéuﬁmb)eﬁ 6)‘9»:
Lgﬁfo}‘&‘ 9 A ol iz sl Joe ‘.\j)la O')'i‘ 5 |)
e S0 9 Olden el (ol gl lsl 5l (S e Bl
Ol g pSoslail gl al bl g0 den sl LS
Cewd 4l jodome e V B2/ o0guste yo lag,0e5 ila )
o a8 S 0 5,0 0 LilS 8 ien Ll

lao 5150 Sl 5 S8l slas 51 L3 Dldlas ST 5o
oo ol aallas ol 5o conloads oy w AOABA 10 o0
s shol SBObL Sl (Ko gl o ol & pg0n Kbl
aded bl 5o onsdl) e (55 el 5o o 5 eaily S o

9 & S0l aclups Ohgod lhwgie S8l alels o 3L

ol » (s Jalge 51

Mo Judods aSl colgsys g wads 48,5 Ll o Within
Within Jole Sy sl s o5 bl asliyy o K55
ool 008 yme o VY ol oo plodl 1) Sloasloe
O samn® 9 (VY 2Y=VY ol daslllas o Jole aw oS 59)
Do ol b LBlze) IV il 05 Sy slall Jlsze slaplo;
PR Ly (U2 ol dwstr 6)lr Oloy G pdosss wo)s
Wgad Sl plolinl ol ool aulne ug S (25 5,18
A dwle a5 FY

ol esliiul LS sgr Ojgoinlh (S ases )
S Sl e ) s oSkl s Jen
SIS b e s (bsel Joe 4 Dges olinlsj]
Wlaslesl o jpa> Sy Ll 5l Ul (2B 5 Gldbgls
39,9 skital s sloasl i s g 0 cd LT (60,8 Sledal
ialejl 4999 sl line (sl 457 gol Bty oSS 3uiow 4
5 Limbesl EE U1 jga> aslp g wiads Sle bl (s
v 0l ol anlla 4y 359 (sl oo 8,5 18 LT Lz
M pie IS aile Jlo V Jolas ozl (Jlo 0 B VA o
Sl 561093 0 b s pas (Bgpe ol slajlen
e D 31 7o PSQI o) s sl 4355 220,
5 K ‘):p‘u Slge 4y slel pac oylolss slagls 5l eoliiul
B9 (lyd s )3 JSiie 4565 0 W30 5 JSUI

oSails ] ataS lawg anlllae ol sl S30LLE
WAPAYA) el sad anl ples Sajppske
als ol megh elel 5l 8 (IR.UMSHA.REC.
ol 03ls edsi JolS jsboay 5uiod planil Wiy, (oS oS 0
535 by T oMbl a5 s 03l pylipabsl HEALSES 1 4 g o
Flos caley sl ol pogdle ool ailoyms & 50 i o
oS asbiculs) anllas 5l L Banses b el 5l DS

IRV I PR

liylojl plail g,

L jlome S8 g gy (o2lie ol3l 0959 slajlene a5
039 ¢y Nl dafllae jo OS5 4y g alblE cyls,
o g wad a3 S e s Les 5 sl das (asee Jalge
@bsl jshaieay il lasme 5 jleand (gjluoslel
@risel Gluaed b5 5 (sl eg b Fanses
595 3 b Ll GEAISES b 4 Bhme bawg (ogasnle
5 3,5 b O3l o5l 589,98 9 Sl et sla el wons
P e D A s (4 b S glyea
O 90,5 Saaly sloas b agds FO o 4y cauS S b
b Soin9589,85 9 Seigdn it byl (lejer & jgon
OB ES 3 (6l p 0ud S8 Slagy Lo 5 (Ko g, 0 0 8
o 5 332 230l gy i I8 sl SO0LLE b o |2
Agds dzgie | Ol st Wiy GBauS TS 8 0l e

VEor 5l oF 0 leds (1) 030 cgldd y> Cobligy mniiteo dloxo "y


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

ool gy anlas cpl o cub calbe HBoul, alise
4 9959 31 B s S0l SIS o (3l g sleaned b GBS,
5 X0,S oo Sauly aads TO Sos 4 Buil) (Lol a> e
Al e o sl e ol 1) addllas ol slacand polad s
B ad ge 00ls jluard (5 le acb iy Basly ol o ey
55V 0 e B asl) asiliz calllas ol o 0isS JooSS 1y o
o anlllas 45 5955 51 030 5 o S bty ol 0 1,0
Ivv] was o

B 0o 5l (Siele b S ol Cge caddllas (nl o
A ooliiw] it slaw g Sdginbs 5 Sdgians o9 Lid
HRV: ) 5 5 5 e &2 gz yo syl | mipa
oelSy8 4 ol uils )8 coes ol (Heart Rate Variablity
5 NN mean) zge 90 'y Jloy abols .Sl (LF/HF) YL
a8 ool (RMSSD) i 1y s olsd clidis] il o
e 23 S glyear HRV) QB 0lpo s 0y s
D g0 ALl (095 cmac gl 0,Sles g Cuodls Sy
Wlgs oo g 0,0 o)Ll B slaglpd o ey £95 4 pagia ()
Salas 5 o cudled ooyl wile il Jelge sbcos
oy anlllas olowl o Ss ) IS jo [YA] 0,5 13 s
el 00l

=55 9 (Lopw g 25 dao) el o (1 Vb oo ples
30 0,8 8 sl las pSoslasl a8 ol S8 BB as LSS ol )
&lp (g ) Sliglojl plonil s 5 5 0 plol ciliss slag,
O Jguz) el 009y Bolar jobas 0,8 12

Sl 5wl cavs 4 Y ABA go Lz 55 Sk o Lo
S (Aly sl b GBaS eS8 aglse cuz ondlans
@ azg5 L B0 dBA i sl b 05 09,5 00,5 eslaiul
s 0ols dgalae o ile el 51 Lob glos

oles (Ye+Y) Pilcher =y lawg eadplss! 5JGT
by o yobds (a0 Vo) oy Lylid Cod oS oo
o o DN Wloass sl Jlars alidls 5 oS0l SVl
A5 e Il lsieay oS il az e Ve gles cadlllae
RCPLER s

PMV & o550 00 a5 eSilen oL sline
54l p e oIV lor by ey o Jatae (5l Gl
a0 VE /70 Gl oS bog i sbS Y e lie
a0 YF oo 5l asllhae oyl yo [¥alead ons 55 01,5 il
s solil Jazes baylys ol o5 ol

ol s SawolisS agale olojans o lid Slalllas 25T o
asllas ol o [YO] ol oas w3 )5 L o ais Y- 510
doo o Jolse b agalge jo adBo FO couS oS o ol Al
zlse sog b ( IS5 jobas 0z 5 )15 Laoe (slos 5 Ll )|
Vs 25 o 1Y s e Jole b lFanses s
Lo gl alegl ol e Ll 58 poliiony
5o o liglesT plmil Jo o pla dso (2 oy 5 Cash,
ol lEtslesl 5 45 aome Ll & a5 mgeaiee SIUT
Oilple 285 bl gy (laes cllilagy caSlails S5 5u8
e A e Susb 9 GBI sles luad b (Sl ple
Loyl i aglen (gl aS 0 a0 000 9ol 5 il az 0V oYY

ny | VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

ol » (s Jalge 51

axlllao 455959 Gl sLre (o))

9 sbamo ':J.nls.c 83 g0 u.ﬂ.:r.a
oliulo;l bms (g3l oolel

s o b 1S 300

25919 58 sl o (5 e sl
(03) K239l 3489,90 9

(485 FO) jlus dns by Sl

~

J

S 55lg1 348 (gl i (g 550 Il
(Zewl) Sa3999 3489550 9

~

anllla plonil ol SUs ) JSCis

OSBRSS b agzlse slagylw ) Jgu

lod kol w9 (lad )l oo b agrlgo camdg

Ses gl g9 ybew
(m/s2) gilsi (dBA) loe
(€°) buxo
e - w8l 515 b oasdacs Sl gloo \
Ve - 8l 5l b eadlas SIS glao Al
v 5500 Sl uilS )5 g aglh jpiome 2 ke +/FO it b ilas) oly 515 L satlans S35 (sl Y
) Fo0 D Sl IS5 5 a5l s 0 Ko BB L A (ol 515 b owland 15 sl f
vY F2 0 Coll GuilS )3 5 il jadone p ye /O Ll b olas ) Hly 35 besdlas S35 o 0
ve F2 0l GulS 8 g el jedoe e Sy QLI L ) By 3l besdlas S35 o 4
Ve 320 ol (il 8 g 4l jedome p yie +/FO QLS L il 00 \
Ve FR 0l GulS g al jedone p yie Sy QLS L L) 00 A
ve F2 0 2ol (58 5 adl jpdome p yie < /FO QLS L il 00 K
vy Fp 0ol GulS B gl jedome p e Sy LS L i) 00 Ve
\- - N AR
Yf A \Y
S 005 el 5 e (285 Sl 50 b (ame Jalse b Sujgls s gla it b5 b ¥ Joux
P-value &3 azy0 Wald Chi-Square i b o Ayl yudiio
[++F \ YIfYY Intercept
+/-#4 \ Y/YaA lowo
e Y VO/FYA bl
e ) t51- 5 Les S s (35 Lt
ofes \ Y+ /AYA o
ofe- \ \\Adid S 0355 aylad
<[+ AY \ Y/-vy O % oo

VoY 5l ¥ 0lods 1) 085 (5145 y> Coibligy msckides dloxo ¥


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

e \ VEITAA
oeee \ Ya/vss
e \ Ve
ofeeY \ /¥
< INAR \ [+Vae
NN \ VIVAY
“[eeY \ /sy
e \ Yo/avs
e \ YA/AYR
“[NY \ AR+
-[-OF \ ¥IV1O
oo ¥ \ AE-f
e \ YOIVYY
< INFA \ [+¥Ve
A \ IAYE-
ofee \ \YIEND
<55 \ YIYA-
VY \ \Ants
<[+ OY \ \Aida
o[- ¥F Y slyss
ofee \ \YIEY-
“JoV¥ \ a/ava
“[oV¥ Y ININS
<[V \ ALY
e \ VEIYAA
RN \ Y/aYA
e Y FAIAYS
“IYA- \ [+YAs
<[ \ Jyaye
A \ IAVY
ofee¥ \ AIAYE

o 0095 ylad  ylas )|
SN 03y aled les
S 0095 dylad #p

Intercept
lowe
ol
Lo

Q....J
Sgiobis o i
005 el
ol )l oo
Lo # loo
S 0595 alad wles
SN 00y dlod s pw
Intercept
lowo
ool
Leo
L').u.l
005 el B olye
ol )l oo
v 0oy aled s yolas )|
SN 03 aled les
o Lo
S 0095 dulad s p
Intercept
lowo
ool
Leo u:c.... olaws
L'}....J
005 el

Sh 0o aled oo

o o olKen 5 (Zeger) 55 Lawg a5 OYolas ol gl o
(Fob sosls s gly egara wiad Sme VAAA
S 3 o I Liamed Slaalie plu g 5,Se (slags S0l
S St JolS 5l e 4 GEE (i slogts,
Slso o )l5 (sl gy nl g FSlles 4 ol cnlas s
Sl eSls LSl 35l 2 o GEE 3 505 395 00 2xie (8l
Sy G2 1 sasSy slyell 5l 6Bl lagmess
[Ya] ans s ail)f il onits Laseiio st jody (Kot JLi3los
SPSS l33le 5 5l eslitl b asllas ol (sloosls ceul S30,LLS
HRV lo a3y ool 4y azgi b ool Judodigay ;20 Ve ases

Slp bpazls ol o)W polie 3l wzdly by a9

bools Ldriga joi
Sy e SlaspSoul sluay ol adlas (b
ety b a3 S )i 0 355 35 (lgiey patd e g a3 S
wilize Sluder 0 Suiglsy 5 Seslnied slo e (998 ol
slayge;l pll sl Slislesl 5 Lol sloosls (Kilee BDLS 5|
4 pymge Cdlprani (20550 SYolas Jas 1o eolil (ke
aswg slp (Generalized Estimating Equations) GEE
szl 655 2 692 5 Gl Jelse Jl 4 baype slaoe
SYolae 10005 oolitnl aslllaes )50 S5l 039,95 9 Saelsn 3
b gladse )l Glrwg (GEE) adbaws oboyly

oolaru) diwgee leosls Lo (gly a5 st allpaess

Mo | VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

olaws e olay )l iol38l b aS & jgorpay . Cudils 092 (5,0 Sxe
slos 5 Sily slooe o bl cwsl aidl, moldl (A8 Lys
om0l 0929 (650 g L3 )1 L8 b ys slasd g )15 lases
Sologre bLil Cdd Lo slaws o Sy 0398 Lali oy
g gl oanlice
LU 1 s ol g oo ol )| o ¥ Jgaz gl bl
dae g byl Guul8l b as’ & jsm s s 3925 (55 l0 sxe
5 om0 O L slod o Lol il 4l iol3dl it slaws
i odnlie (5 s dme bl udis slawi g Sus 0895 Lasli
o3l Jlade g oaud g i jlade (ST slalogal ¥ S
85 jsbilen a3 e ot |y Suiglorsed (sla by aniis S
0l g e polie o seniins bLI Sl 04l o camlis
2olie g asdllas (l 3 (o) 23550 (69,8 5 (e Jolse bl
o e oo clb dezg ediguSojlal
g_i..]}.....»Llé 9 &JW QP)LM.S ‘_g‘).u c»,\..f:o\)‘od:.m}'\'
B Lo 4 bgy e sla Jow 3l yis (R2=+/YYA gR%=-/¥YA)

Sy (R?=+/-98 gR?=+/-FA) e )l5u0

100.00 &
o
o o D.o ° 00 o
- 9000 o
cJ o e &ot Lo o0
£ ° o . B
£ e o‘%? %o )
S am - Q% N LA b I
5 o®0 038 0% he
a ° o8s 5
I @ o
4 ° o o
@ 7000|——0—-0-2 %" 202
b
° * 8s "% qu%@' & 200 ®
2 o o ©f %
@ o, o8 g° & %% %Ko oo ou ©
o 6000 o058
2 e P % % e Cloe
e @ o Glege o % o °
@ ° ® .
d e °
a ° °
5000 &
4000
60.00 €500 7000 75.00 B0.00 B5.00
Predicted Value of Mean of Response
12000
E wooe
a
£
]
Ba00
z o
600G
) 000 580 80 150 60

Predicted Valus of Mzan of Response

R*=0.068

ol » (s Jalge 51

s ool gl slo Jlwigay s

™)
K1 iglps b (sl puio

Gy ailean byl Volee Jow 5T mbs
Syl 5 Sl gt 55 )Lid Jold Sojsls 8 (gl aie
0355 (sl 5 (o (20,5 Sl y0 b i a5 B oy
ROWI PRV ) Q) PRESSRERY

5 Lame lod (AL L agzlse G o Jor @bl el
Sy Sl g b gae bli)l Sgnen 9 )lis a3ls
dame slos Ll 5 ol il b a5 & porpas s
9 O Om Oied Sal a2l Gl S (95l
Sl bl S (193 )Lid (Sl g (S 0095 (S Lo
Sl G55 )lad a3l 5 SIS Gl ol dg2s
hio b agzlpe 10 a5 iz e S8l S92y (5l gne aba,
25 50 0alie S gt (93 ,LE8 )0 (L8l (Gl

Lyl s by slass g ol )l i ¥ ooz @l polsl

160.00

140.00

12000

10000

Systolic Blood Pressure (mmHg)

#0.00

60.00

8000 90.00 100.00 110.00 12000 130.00 140.00

Predicted Value of Mean of Response

R*=0.328

35.00

30.00

25.00

2000

Respiration rate

15.00

10.00

16.00 18.00 2000 2200 24.00

Predicted Value of Mean of Respohse

R?*=0.099

teSt ) T g0 Ly (Sten Bli 3550 8 3 605500 38 slo eyl ok (5,8 o311 Jliie 5 olkd i i Lldie (ST, (slaylsped Y S0

.Cwl (training sample) ‘_;J.:fgli & g5 ﬁ;b &S bla s (sample

VEeF 5l o oo 1) 098 «(glad o Codilingy kit Aloxs 1472


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

95 8 Lz slod (Bl G F Jgua il elal
Slao o bal ogd oo canlice (5,0 2xo LLS | SDNN  asli
s osslie (gyls e L3l SDNN asls 5 Siljs
LL5 JRMSSD jasli |5 lase (slod ¢ ilas )] o puiznen
erls g S8l slaw G Ll osd so cnalie (glo sxe
A odslive (5,0 sxe bLS | RMSSD

e g odd gty e ST slalyses ¥ SCE
wedee olas 1 Siglsnsadsss sle el eadis pSesll
NN Mean gy cadoslodrwg sboJon cpusd o
9 SDNN LF/HF & by, slaJos 5 in R?=2/1\Y)
o9 (R%=+/-¥4 gR*=+/-Ad R?=+/-49) RMSSD

S fo)a o 55 (518 pio

>le 5 )5 Lo sbos das Y Jgoo il ulal
L aS &pgoipds ded e sdalie (5l sxe bLs,| LF/HF
Lol ol a3l al33l LE/HE IS e slos g lowe il
LU, LF/HF ja3ls 5 S edg (asls § G ol G
I B R e R ey
lod (5l )] o aizmen 09 o saline ilél [LF/HF
odalie (g,lo sxe bL3 I NN Mean asli 5 5 Ll
LLs)) NN Mean asls g S35 slas o Ll 0gd oo
AlS edalive gl Jxe

S 0395 asld g I8 able o 5385 i p0 b (ame Jelge b So3gl b5 sla i bl )l @l Y Jouz

P-value &ol3T asy0 Wald Chi-Square RO WP SUE T FUIN PRVEC
ANE \ Y/¥%- Intercept
ANE \ f/YYY lowo
VaA/- v \ARRY ks
.5 \ VIBVA Les
LF/HF
AOY/- ) [-YF oy
aAd/- \ [eone S 0095 aylas
V¥ \ NAaYs ity eng evlled Al
YA+ Y ZIOYY S 0098 aylas wles
/ \ YY/fOv Intercept
Y./ \ YIfVE lows
/ \ VY/AAY ool |
<Y/ \ AARA Lo
/ ) \0/f-q oy
IR \ A -2Y Bligpeve
e Y/ \ Veleb- S 0 dylas
VA v A5V oblas ) # lao NN mean
<4/ \ ZIAFA Lo # lowo
<9/ \ YIAAY O 3 o
/ Y \V/fof S 0095 sl il
e \ YIVO¥ S 0095 yled sles
/ \ VE/A-Y S 0055 alad #
<X/ \ AlF£a S 00y ales )5 anls
5offo \ Yva/avy Intercept
[YAZ - \ AZA lows
/ Y fa/7r4 ks | SDNN
ooffo \ YAIYYY Lo
AY- /e ) |- $5 oy

ny |

1FeY 3l o oylols 1) 0,90 ((glad o lblugy widieo alxo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

OBl 2 (e Julge )

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

[#AY - \ AN L5 asle
YFY/ \ VIYEY i s s
< Y&/ \ Y/Vfa LB asle oo
IE ¥ \Y/va. s 0055 aslas % olas )|
vv/ Y #IADY Loo 3ol # oo
ceel \ oY/faf Intercept
Aol \ [-#¥ lows
el Y YY/-fo s |
ceef \ YAIYAQ Lo
[£AY ) /£4) o
A/ ) I 1S il
RMSSD
£a4/ \ S S 0o dylas
Y Y BIVYE il o
-qy/ \ YIAYO Los 3 lawo
[-Ya Y Iy Lo # ol
oo Y Y. /vy S 0055 aslas % olas )|
[-%) Y FIf-¥ oo #_las | # oo
’g 1000.00
5 °
% 900.00 g
E w ° o
£ T o
% 800.00 = d;;é‘
3 600.00
50000 LR ;
Predicted Value of Mean of Response Predicted Value of Mean of Response
R?=0.112 R?=0.099
2 - z
HIRE s FIRE] -
% o .
1.00 1.00 ° R .
. &

Predicted Value of Mean of Response Predicted Value of Mean of Response

R?=0.039 R2=0.085
e diged S0k (Sine bl 0550 10 ;0 ~S038l5 528,55 (s ol )by 0als g 1S o3lasl Jaie g ool Son i Hlade (2aSTy sle,loges ¥ JSCh
.ol (training sample) 5,50k diges Kl (5,58 blas 4 (test sample)

4 Wy oo oiily 08 5 Slas als Y] conl Ll glas P
2 a8 Jlse 51 29,8 098 e Bolay ¢ Sawly o las
dos aile ame Jolge wjls oo (il 0 Sles ialS

5 sl gloole liolas 5l o VO ans o Hlis cligiss

Vol 50l o oylouds 1) 098 «(sld o Cobligy wniigpo dloeo A


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

2lge dips o lis a5 Wby vszg (goumie Olalllas il
S ool b 5 5 o el e Jale b o5
s e gl i g Sldlas el LU s b
@ ohlSer g Liu g io)S wyp 1) B (Lo (5 dy e
LF/HF iol33l o 0,5 dame slod a5 Sow; a5 (]
s ezt ool (Soilios Solled il LS o 555 00
2 Lo Bl caxls lgea dilg o LF/HF o5 ssls
RULSLPE [Q] Sl a5 I8 a4y B Lo (5,00 s
ol Gl e lanme 4 Ll oy Gl a5 Wadias 5
Lrs] ol Sl o

b agzlye o a5 ol olis o) an o (Kim) oS aslllae
axlllas ol aiis oy (g lolixe bLS I HRV la nzli ¢ loo
oS ol plas g ol plosil (y59a3L80 (sl ls SlB1 Sl (o295 (59,
IYAL el (3l oo 039 HRV a8 ,5h Jalse 51 (S
2 B by s o sy S 4 pobinl uizmen
S5 a5 glasdlan bl ol LuslS 5 &y asils dovo b aglge
5 omb oelS B sblas wisly sl ol Sen 4 (Walker)
» W HRV gla ozl g5, 5 (51650 S VL 83
Vb iS5 sl b agalse 0 ad atie byl adlle
&S s il e 2ols HE o LF SDNN la asLls
b 2ol LE (a3l haid ol (w5 8 slao b agzlge
Helse s ey 50 HRV i o IS sboay [¥V] ol sl
oogas Condhs Cogrdg oaimdLis e plad ) g lao wiile asme
@ Wlgi oo HRV aslis grlans Labs (5ol (sl .l 5,8
Wil gl Shk fals g (Fu) kS sene sl
lagw il 1al5 gl M g (aes Ll 4 x5 nlplo
5 Soeell e bl S5 4 wlgioe of 5 26
IYAl s S5 5 asly gy codles (ppizean

9 Somles (lime ;0 Wlgioo a5 elge 51 (S conlpogdle
aloggJl il )38 51 (ans Jolge (25m0 0 ol 3 by 59
o8 5 (Lorenzino) oo 5,y a5 slasdlhas ulwl .ol ol 3l
b agzlse o blo)l gible L ol slacdls wisls pll
i |y Sosels 89,98 5 gl lagl g (asee Joloe
e a5 0s )55 adlhae ol 5 atiie Oygody S e
@ S (SO59990 b el (negative mood) ke (>3,
Sladlae s 4 azgr b YAl el ools zals' 1, il s
beos HRV glaasle jo &l o5 ol moly wilisee
5 Sy ool 815 )53 e 5 So3glsnid Jolge 3l oS 5
Y L ibeos aSh wildiely 5,5 segas Cosdhes Caprdy 4
e Sy sl b Wl 1B s Jae Llyd g (>,
Sl 35 (b Dlihod & «ilise Jolse s HRV (0 L3 )|
Ssle b L) Swmiin $lr 6FESS sladae Oly b
Bl dswgs

)L».......vu,u.uw‘)..o axJlas Q,zljo oMﬁ&sL@JM

B Jelse ol (6108 31 il i Lo s 9 Lo )57 ¢ 3l )|
(o ol o el sad aSlis jeS GBauly o Slee yo
b agzlos 10 (Soiolen juds)si 9 (Sl b slagasls Sl s
O oy Lo gloo g u’l}l.u")‘ ‘&.3‘)4 Sloe

ol b Selsin 55 )La8 (gl ol mls (wlul
adllas 5 S e b ialydl Lame sles LialS 5 il
@ bel a3l S5 slao b agzlge 50 o3 lad ilidl ol
Ol & 55 Olaes 9 (S (g bl Ojp0h 90 o ine
lao b agzlge 5l om0l B S gincns (395 L3 45 i) 4
Lo alllae s by eizman [V ] conl wsls Soisen
Sldgme bl (Garedgs (Ll 5 o bt S g (55 )L23
L oline & ygots 4 ol Ls o agme Lelse oy 5l el
VoS50 3 095 )L oo 13l (5, o Siloias 1950
S oo g ials8l ol 3l e Lid cyuly sles )0 gy 0l ploxil
el s & al5icee el sled o 35 ed il Y]
O il 5 Siloons (orae i iy Sollad (g0 (S
23l J935555 Sl o il slagsge 90

il 331 el ) tal3dl b (B b slass «pols anlllas o
O‘il 9,5 lame glos 9 SIS slows Oy Lol .cusls (g loline
boasas oplaid oo (o)l e blijl SG59len 58 el
oy (Jlsglgea oila Slgean Slage Sldlas 51 (55
OBl 59, 2 Slaee gt ol Sen 5 Slex; o5 gladdlas
oy L33 b dao b agarlye wi Laseis wisls alxl ogssil
conle 4 Gl oo gl onl azg ,o [V] cl Lyl o (8
59 0 L plojed azlye (Jlaglpiea) pEasl; aglse Sglie
2,5 o lil glage Sldlas o (b)) g las Jole

ol Ll B b it ol slo oylis pols isgh s
Lol 3l aplge 4o u,‘,;:.,:. olaws yiol3dl .l azdly ol las 4
S L g Lyl a3l o Wil e a3 ) g o
Olee b 25l g o b agzlge (g Slalllae ull 0l
ladllas bty oeizman (YY) ol L3I 5o 831 ol
s Gl 1, iy 68 s m o8 Jilse ) (S oo
L] ol plas )l 5 oo b oy T agrlge

Ot adlllas glis 13 SG39) 18995 slaasli (ogas o
L SDNNgy RMSSD NN Mean slo jasls ol s ol
lo &lyeis U LE/HF (asls &l i 5 Lo 5 alas )| &y
e gloo g oo o8l L ol lis Lo dslllas 09y Lo yo Leo g
S e LEMHF e el aly iyl LE/HF S
5 Sl Codlid (e Joles 43 45 ol HRV e slaasLs
Vgors S ol Gl 01 0,Lal cae pitasns Sesboasl
bt mall Sl ool bl samsplis

na | VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

Sloazli l aws g0 o ljee dsllhas a5 o5 511 IS
erlSa 5385 ol sl Selsuds i 5 Saselsesed
5 ol o5pe Sl 0 Shee  ame Jalge (5,185 5]
b el jlaius 50 10 i eany ] Oldlae ;o 59 oo olpiiny

N (s

103 g i

5 lidos Cdglae 50 o o Sliniss b @l laly dlis o)
Chglae 3 ol atanli 5 odd e len (Sbppsle olKails (5,9l
ol o i el b5 & Glaos (Sdjppsle olfasls 5y5ls 5 Slinis
Dy Jloyab g S5 hagsy

2w 3L&

D)l 392 adlie yo o )lad AT ksl G

SN Slas Mo
wlin b hes (Sajppsle ol B3 aieS o)l yolo dslllas
il 433,515 sbs, 50 IRRUMSHA REC.1396.879

OB A 99 o
03¢ 5.\4;;015 oy 9 gaLJ g}c Oy ubl_‘ﬂ u’”‘)‘la J..ol.> }.ab alae
9 430 Sl ool plxl b.nL..Lc RO Lgl_ﬂ g b ools 5)51 g o

ol dame 5 Jlos b ol LT gy ol e i 5 b 03l Lol
olod sl st bl oz (el ST Ly lie 5K 5 43,5 & 90
5 95l Solstn g o050 anli g adlllas 1) Alie ol A (St si

Alazdpdy 1) Gaghy sl avir ples

03¢ 6&42.:;15 oy 9§ A_S‘-\'L!] U’J.c e uLle] Ls;’l)b J..al:> J..al> axllao
9 40 Ll oo rsL?;.i‘ L;ll-*l‘ KON L5L§" Ja.wy [ERN AS)BI fcd o

ol dazo 5 Jloo 3 slgz (LGT Ly s oled e g b o0l Jolow
ol el o plonil sl cymely 5T Lot allie 515G 5 425,50 jo
2 25550l Sl g 03g0d i 5 anlllae 1) allie ples 4z (ol

Sladpdy 1) gl sl 4z plos

Sb cobes
b ppsle oKl 6)5&5 5 Olados Cigles (Jbo colax b aslllas oyl

sl o gl loan

REFERENCES

1. Khanlari P, Khosravipour M, Abdi H, Rahmani R,
Gharagozlou F. Factors affecting traffic accidents in
kermanshah city taxi drivers-focusing on the role of
fatigue and sleep Quality. J Occup Hyg Eng,
2022;9(3):143-52._DOI: 10.52547/johe.9.3.143

2. Rahmani R, Babakhani S, Ashouri M, Soltani E.
Evaluating the quality of work life in urban taxi drivers: a
case study in Northwest Iran. J Occup Hyg Eng 2023;
9(3), 143-52. DOI: 10.52547/johe.9.3.143

3. Rahmani R, Aliabadi M, Golmohammadi R, Babamiri M,
Farhadian M. Evaluation of Cognitive Performance of City
Bus Drivers with Respect to Noise and Vibration
Exposure. Acoustics Australia. 2021;49(3):529-39._Link

4. Staal MA. Stress, cognition, and human performance: A
literature review and conceptual framework. 2004. Link

5. Hilton MF, Staddon Z, Sheridan J, Whiteford HA. The
impact of mental health symptoms on heavy goods
vehicle drivers’ performance. Accident Analysis &
Prevention. 2009;41(3):453-61. PMID: 19393792 DOI:

ol » (s Jalge 51

AOl adle Wlgh oo gouxine JYo g4050 cpl iy (652l
o tletzl g (Gluil psle 10 0% daojox 5l (g kom0
5 ddxie Julse S92y Jdoar Sojgle b slayial )l 5 o)L,
Wi oo oS pd GO b (Jl e el el oz
Losoe slopite G938l 5 flian (owyn 4 55 eatasglas
6 osazn byl plyn b asl oS 1 sla s 5l eolinal
0,5 olelis |,
9 (S99 38 slagly 5l aws g0 ah I 5l aslllae
dao) e Jolo aw b agzlye jo (B0, (S3ele5ed9 98
38 Jolge 5l (29,5 5 apzlge Jale (28,5 )l oL g (Les 5 LS
Ll ¢S Glgs o0 995 gy 2 (S 0395 (a5 )5 Ao ()
addllae ol g blas 5l Jawmme Jule dus g samio sloaslis o8,
o b 4 Gl se yol> adllae slacusgusme jogas s .cwl
s el S04l o8 olal alfilel & json
oS sl o8l slacasgase b S i &0 ol
Lulyh 0 o5 Llse (S n (sras JyuS amys (Al Ll b
P> 09 Sgae (e g il FalShe Cul (Ses (a8l
g daxin slag lw jo o8l oo @ hlad pae Jdody diged
Sy obolinly aiied agzlye asllls cloasze iyl
Nigd plodl gloase O jg0ay 2Bly Lo ;0 ilie Slalllas 39 oo

S 5 A%
Gho b oBasl, agzlse ol adlhe mbs elul,
4 Wlgee e glos Guizeed 5 9095 Al (SIS
Slass g 8 (b o ¢35 )LE8) Su5slgn 5 slo el Dl s
NNMean LF/HF) Giglg puds e sloasls g (Luass
3o eddedaline Ol el =ie (RMSSD 4 SDNN

e Jolse don b CasaSy O j50a (o) 2050 slo Ll

g basls 5l S e il ol bl asdllaes g0
aS J o 0l oags (g ylolise byl oo L B asl, ag=lse
(blio,o azilas ghlobiae blsl il )l L o psls ol
LLs,l g 00g bls,l o il )l L b asls 5l 6,50 atws
amti S lsieas olyies ol EEIS o b g lolins

10.1016/j.aap.2009.01.012

6. Ren Y-H. Analysis of Road Traffic Accident Caused by
Human Error. ICTIS 2013: Improving Multimodal
Transportation ~ Systems-Information, ~ Safety, and
Integration. 2013. p. 547-52. DOl:
10.1061/9780784413036.073

7. Rahmani R, Aliabadi M, Golmohammadi R, Babamiri M,
Farhadian M. Body physiological responses of city bus
drivers subjected to noise and vibration exposure in
working environment.  Heliyon. 2022;8(8). PMID:
36060995 DOI: 10.1016/j.heliyon.2022.e10329

8. Ebrahimi K, Tajik R, Karami T, Rahimnejad S, Arghavani
F. Evaluation of occupational noise exposure and general
health of workers in industrial sites: A case study. Work.
2021;68(1):115-21. PMID: 33427714 DOl
10.3233/WOR-203362

9. Leao S, Peerson A, Elkadi H, editors. Effects of exposure
to traffic noise on health.In Proceedings of the 5th
Liveable Cities Conference: Working together to achieve

1Fe¥ 5l oF oylouds ) 0,90 (glad yo Clliloge (pwiigo alxo Yy.


http://dx.doi.org/10.52547/johe.9.3.143
http://dx.doi.org/10.52547/johe.9.3.143
https://link.springer.com/article/10.1007/s40857-021-00248-z
https://ntrs.nasa.gov/citations/20060017835
https://pubmed.ncbi.nlm.nih.gov/19393792/
https://doi.org/10.1016/j.aap.2009.01.012
https://doi.org/10.1016/j.aap.2009.01.012
https://doi.org/10.1061/9780784413036.073
https://doi.org/10.1061/9780784413036.073
https://pubmed.ncbi.nlm.nih.gov/36060995/
https://pubmed.ncbi.nlm.nih.gov/36060995/
https://doi.org/10.1016/j.heliyon.2022.e10329
https://pubmed.ncbi.nlm.nih.gov/33427714/
https://doi.org/10.3233/wor-203362
https://doi.org/10.3233/wor-203362
http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-07-06 ]

[ DOI: 10.53208/JOHE.11.3.207 ]

S Kes 5 g0l e

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

liveable cities. 2012._Link

Recio A, Linares C, Banegas JR, Diaz J. Road traffic
noise effects on cardiovascular, respiratory, and
metabolic health: An integrative model of biological
mechanisms. Environmental research. 2016;146:359-70.
PMID: 26803214 DOI: 10.1016/j.envres.2015.12.036
Schlittmeier SJ, Feil A, Liebl A, Hellbrick J. The impact of
road traffic noise on cognitive performance in attention-
based tasks depends on noise level even within
moderate-level ranges. Noise & health. 2015;17(76):148-
57. PMID: 25913554 DOI: 10.4103/1463-1741.155845
Reimer B, Mehler B, Coughlin JF, Godfrey KM, Tan C,
editors. An on-road assessment of the impact of cognitive
workload on physiological arousal in young adult
driveings of the 1st international conference on
automotive user interfaces and interactive vehicular
applications; 2009._DOI: 10.1145/1620509.1620531
Aliabadi M, Darvishi E, Farhadian M, Rahmani R, Shafiee
Motlagh M, Mahdavi N. An investigation of
musculoskeletal discomforts among mining truck drivers
with respect to human vibration and awkward body
posture using random forest algorithm. Human Factors
and Ergonomics in Manufacturing & Service Industries.
2022;32(6):482-93. DOI: 10.1002/hfm.20965

Aliabadi M, Rahmani R, Darvishi E, Farhadian M, Shafiee
Motlagh M, Mahdavi N. Experimental Study of Exposure
to Human Vibration and Its Relationship with Physical
Performance in Mining Equipment Operators. Iranian
Journal of Ergonomics. 2021;9(3):39-54. Link

Azizan A, Fard M, Azari MF, Jazar R. Effects of vibration
on occupant driving performance under simulated driving
conditions. Applied Ergonomics. 2017;60:348-55. PMID:
28166895 DOI: 10.1016/j.apergo.2016.12.020

Bahrami F, Zandsalimi F, Rahmani R, Moradian Haft
Cheshmeh Z. Study of Pain and Disabilities in
Musculoskeletal System among Urban Bus Drivers with
respect to Body Postures, Job Satisfaction, and
Individuals Factors. Journal of Occupational Hygiene
Engineering. 2024;11(1):74-83. DOL:
10.32592/joohe.11.1.74

Hancock PA, Ross JM, Szalma JL. A meta-analysis of
performance response under thermal stressors. Human
factors. 2007;49(5):851-77. PMID: 17915603 DOI:
10.1518/001872007X230226

Wendy M. Troxel TH, Flavia Tsang, Carter C. Price.
Evaluating the Impact of Whole-Body Vibration (WBV) on
Fatigue and the Implications for Driver Safety. RAND
Health Q; 2016. 9;5(4):6. PMID: 28083416

Morris DM. The cold driver: Driving performance under
thermal stress: Clemson University; 2015. Link

Morris DM, Pilcher JJ. The cold driver: Cold stress while
driving results in dangerous behavior. Biological
psychology. 2016;120:149-55. PMID: 27697550 DOI:
10.1016/j.biopsycho.2016.09.011

Pilcher JJ, Nadler E, Busch C. Effects of hot and cold
temperature exposure on performance: a meta-analytic
review.  Ergonomics.  2002;45(10):682-98.  PMID:
12437852 DOI: 10.1080/00140130210158419

Holmér |, Hassi J, lkdheimo TM, Jaakkola JJ. Cold stress:
effects on performance and health. Patty's Toxicology.
2012. DOI: 10.1002/0471435139.tox097.pub2

Muller MD, Gunstad J, Alosco ML, Miller LA, Updegraff J,
Spitznagel MB, et al. Acute cold exposure and cognitive
function: evidence for sustained impairment. Ergonomics.
2012;55(7):792-8. PMID: 22506538 DOI:
10.1080/00140139.2012.665497

Makinen TM, Palinkas LA, Reeves DL, Paakkoénen T,
Rintamaki H, Leppaluoto J, et al. Effect of repeated
exposures to cold on cognitive performance in humans.
Physiology & behavior. 2006;87(1):166-76. PMID:
16309719 DOI: 10.1016/j.physbeh.2005.09.015
Zamanian Z, Nikravesh A, Monazzam MR, Hassanzadeh

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

J, Fararouei M. Short-term exposure with vibration and its
effect on attention. Journal of Environmental Health
Science and Engineering. 2014;12(1):135. PMID:
25419464 DOI: 10.1186/s40201-014-0135-1
Stamenkovi¢ DD, Popovi¢ VM, Tirovic MA. Operator's
reaction time prolongation induced by whole-body
vibration. FME Transactions. 2014;42(4):297-304._DOl:
10.5937/fmet1404297S

Kennedy RS, Lane NE, Berbaum KS, Lilienthal MG.
Simulator sickness questionnaire: An enhanced method
for quantifying simulator sickness. The international
journal of aviation psychology. 1993;3(3):203-20._DOI:
10.1207/s15327108ijap0303_3

Kim JA, Park Y-G, Cho K-H, Hong M-H, Han H-C, Choi Y-
S, et al. Heart rate variability and obesity indices:
emphasis on the response to noise and standing. The
Journal of the American Board of Family Practice.
2005;18(2):97-103. PMID: 15798138 DOL:
10.3122/jabfm.18.2.97

Zeger SL, Liang K-Y, Albert PS. Models for longitudinal
data: a generalized estimating equation approach.
Biometrics. 1988; 44(4) :1049-60._PMID: 3233245
Stanton NA, Salmon PM. Human error taxonomies
applied to driving: A generic driver error taxonomy and its
implications for intelligent transport systems. Safety
Science. 2009;47(2):227-37. Link

Rizi HAY, Dehghan H. Effects of occupational noise
exposure on changes in blood pressure of workers. ARYA
Atherosclerosis. 2013:183-6. Link

Wang Q, Li C, Guo Y, Barnett AG, Tong S, Phung D, et
al. Environmental ambient temperature and blood
pressure in adults: a systematic review and meta-
analysis. Science of the Total Environment.
2017;575:276-86. PMID: 27750133 DOl
10.1016/j.scitotenv.2016.10.019

Rahmani R, Aliabadi M, Golmohammadi R, Babamiri M,
Farhadian M. Investigation of Job Stress among Urban
Bus Drivers Concerning Daily Noise and Vibration
Exposure. Journal of Occupational Hygiene Engineering.
2023;10(3-7):167-78. DOI:10.32592/joohe.10.3.167

Fan Y, Liang J, Cao X, Pang L, Zhang J. Effects of noise
exposure and mental workload on physiological
responses during task execution. International Journal of
Environmental ~ Research  and  Public  Health.
2022;19(19):12434. PMID: 36231736 DOI:
10.3390/ijerph191912434

Liu W, Lian Z, Liu Y. Heart rate variability at different
thermal comfort levels. European journal of applied
physiology. 2008;103:361-6. PMID: 18351379 DOI:
10.1007/s00421-008-0718-6

Carrillo AE, Flouris AD, Herry CL, Poirier MP, Boulay P,
Dervis S, et al. Heart rate variability during high heat
stress: a comparison between young and older adults with
and without Type 2 diabetes. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology. 2016;311(4):R669-R75. PMID: 27511279
DOI: 10.1152/ajprequ.00176.2016

Walker ED, Brammer A, Cherniack MG, Laden F,
Cavallari JM. Cardiovascular and stress responses to
short-term noise exposures—A panel study in healthy
males. Environmental Research. 2016;150:391-7. PMID:
27371930 DOI: 10.1016/j.envres.2016.06.016

Lorenzino M, D'Agostin F, Rigutti S, Bovenzi M, Fantoni
C, Bregant L. Mood regulates the physiological response
to whole-body vibration at low intensity. Applied
Ergonomics. 2023;108:103956. PMID: 36577272 _DOL:
10.1016/j.apergo.2022.103956

Parsons K. Thermal Environments. third edition, 2014
Faul F. Erdfelder E. Lang A. G and Buchner A. "G*Power
3:A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences" Behavior
Research Methods 2007, 39 (2), 175-191.

mo| VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


https://www.researchgate.net/profile/Simone-Leao/publication/258104684_Effects_of_exposure_to_traffic_noise_on_health/links/0a85e53b5cc634fb79000000/Effects-of-exposure-to-traffic-noise-on-health.pdf
https://pubmed.ncbi.nlm.nih.gov/26803214/
https://doi.org/10.1016/j.envres.2015.12.036
https://pubmed.ncbi.nlm.nih.gov/25913554/
https://doi.org/10.4103/1463-1741.155845
https://doi.org/10.1145/1620509.1620531
https://doi.org/10.1002/hfm.20965
http://journal.iehfs.ir/article-1-835-en.html
https://pubmed.ncbi.nlm.nih.gov/28166895/
https://pubmed.ncbi.nlm.nih.gov/28166895/
https://doi.org/10.1016/j.apergo.2016.12.020
http://dx.doi.org/10.32592/joohe.11.1.74
http://dx.doi.org/10.32592/joohe.11.1.74
https://pubmed.ncbi.nlm.nih.gov/17915603/
https://doi.org/10.1518/001872007x230226
https://doi.org/10.1518/001872007x230226
https://pubmed.ncbi.nlm.nih.gov/28083416/
https://www.proquest.com/openview/5356abb4c0b46aac56173d24aafc28c3/1?pq-origsite=gscholar&cbl=18750
https://pubmed.ncbi.nlm.nih.gov/27697550/
https://doi.org/10.1016/j.biopsycho.2016.09.011
https://doi.org/10.1016/j.biopsycho.2016.09.011
https://pubmed.ncbi.nlm.nih.gov/12437852/
https://pubmed.ncbi.nlm.nih.gov/12437852/
https://doi.org/10.1080/00140130210158419
https://doi.org/10.1002/0471435139.tox097.pub2
https://pubmed.ncbi.nlm.nih.gov/22506538/
https://doi.org/10.1080/00140139.2012.665497
https://doi.org/10.1080/00140139.2012.665497
https://pubmed.ncbi.nlm.nih.gov/16309719/
https://pubmed.ncbi.nlm.nih.gov/16309719/
https://doi.org/10.1016/j.physbeh.2005.09.015
https://pubmed.ncbi.nlm.nih.gov/25419464/
https://pubmed.ncbi.nlm.nih.gov/25419464/
https://doi.org/10.1186/s40201-014-0135-1
https://doi.org/10.5937/fmet1404297S
https://doi.org/10.5937/fmet1404297S
https://doi.org/10.1207/s15327108ijap0303_3
https://doi.org/10.1207/s15327108ijap0303_3
https://pubmed.ncbi.nlm.nih.gov/15798138/
https://doi.org/10.3122/jabfm.18.2.97
https://doi.org/10.3122/jabfm.18.2.97
https://pubmed.ncbi.nlm.nih.gov/3233245/
https://www.sciencedirect.com/science/article/abs/pii/S0925753508000441
http://arya1.mui.ac.ir/index.php/arya/article/view/419
https://pubmed.ncbi.nlm.nih.gov/27750133/
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.1016/j.scitotenv.2016.10.019
https://doi.org/10.32592/joohe.10.3.167
https://pubmed.ncbi.nlm.nih.gov/36231736/
https://doi.org/10.3390/ijerph191912434
https://doi.org/10.3390/ijerph191912434
https://pubmed.ncbi.nlm.nih.gov/18351379/
https://doi.org/10.1007/s00421-008-0718-6
https://doi.org/10.1007/s00421-008-0718-6
https://pubmed.ncbi.nlm.nih.gov/27511279/
https://doi.org/10.1152/ajpregu.00176.2016
https://pubmed.ncbi.nlm.nih.gov/27371930/
https://pubmed.ncbi.nlm.nih.gov/27371930/
https://doi.org/10.1016/j.envres.2016.06.016
https://pubmed.ncbi.nlm.nih.gov/36577272/
https://doi.org/10.1016/j.apergo.2022.103956
https://doi.org/10.1016/j.apergo.2022.103956
http://dx.doi.org/10.53208/JOHE.11.3.207
http://johe.umsha.ac.ir/article-1-959-en.html
http://www.tcpdf.org

