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Abstract
Developing underground spaces serves a range ofnoanurban functions, including workspaces.

However, underground workplaces, work-related fiactand the indoor environmental quality (IEQ)
parameters within them may negatively affect woskerental health. This study assessed the prevalenc
of psychological distress with repeated measures time in aboveground and underground workspaces,
and assessed the association between perceived plE@meters and work-related factors with
psychological distress. A total of 329 workersimikar aboveground and underground workspaces were
followed-up in three assessments over 12 mont&snigapore. Psychological distress was assessegl usin
the 12-item General Health Questionnaire (GHQ-12) defined as a GHQ-12 scar@. Perceived IEQ
(air quality, temperature, noise, light) in the Wuace were collected using the OFFICAIR
guestionnaire. We used generalised estimating iequaiodels to assess the association between vgorkin
underground, perceived IEQ, and work-related factdth psychological distress. The overall preveden

of psychological distress was 21.9%, 26.1% and %}1.at baseline, 3- and 12-months follow-up,
respectively. The fully-adjusted multivariable ars# did not show any association between working
underground and psychological distress howeveenerd IEQ parameters and longer working hours
were significantly associated with psychologicaitdiss. Regardless of working in under or abovegtou
workplaces, perceived IEQ was associated with pdggiical distress. Future studies are needed ierord



to examine the relationship between objective measof IEQ and psychological distress and the impac
of healthy building policies and improved IEQ orygsological distress.

Keywords: mental health; psychological distress;rkptace health; cohort study; underground
workplaces, perceived indoor environmental quality
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1. Introduction

Psychological distress is considered an indicatonental health status and has been defined asa no
specific syndrome that encompasses feelings ofetinxidepression, irritability, anger or cognitive
problems, each of which, depending on their sevexitd impact may be classified as a mental health
disorder (MHD) [1]. MHDs are one of the main cobtriors of the overall disease burden worldwide and
originate from a complex array of genetic, biol@jigsychological, social, political and environrten
factors [2]. The lifetime prevalence of common nag¢rtealth disorders is almost 1 in 3, with 1 in 5
people reported to have experienced a common mieeddth disorder in the past 12 months [3]. MHDs
are therefore a massive public health concerneir thwn right. Moreover, MHDs may also lead to the
development of physical health conditions [4-6].tdbffom the 45 and Up Study recently reported a
strong, dose-dependent association between psypbalalistress and myocardial infarction in a caohor

of over 220,000 participants [6].

The workplace plays a significant role in the mehtalth of individuals [7, 8]. Psychological dists in

the workplace comes at a significant cost to thviduals concerned, employers and wider sociely [9
Employers must be cognizant of the importance afitaléhealth in the workplace [9]. The Organisation
for Economic Co-operation and Development (OECRjest that mental health in the workplace is an
upcoming priority challenge for the labour markeedo its impact on unemployment, sick leave and
reduced productivity at work [10]. As a result, lhdhave been calls for a stronger focus on policies

addressing mental health and work issues [10].

Urbanization continues to increase, with 55% of Wwld’'s population now living urban areas [11].
These areas need to plan and adapt to the chakdrayeommodating larger population densities and t
do so in a sustainable manner. One approach temitisis subterranean development, creating aceas f
people to work, commute and shop that are undengkdhile mining may be the first occupation that
springs to mind when one considers occupationsivedoin working underground, modern underground
workspaces may be designed and built to resembpieatyindoor aboveground workspaces, and thus
encompass a range of professions in standard afiggonments. An example of a city maximising its
usage of underground urban space is in Montreahada in what is commonly referred to as ‘The
Underground City’, which contains over 1,200 officnd 2000 businesses [12]. ‘The Underground City’
provides Montreal’s inhabitants a network of passays to navigate the city and totals 32 kilometers
worth of tunnels over twelve square kilometers ae of the most densely populated parts of Montreal
[12]. While many examples of urban city utilisatiafi underground spaces exist in Western cities,
including in Helsinki, Paris, and Stockholm, thegkst increase of UG development has been in dities

Asia [13], with three million rhof underground space being developed in Beijinthegar [14]. With
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the expansion of underground spaces, considerageds to be given to the potential adverse health
effects for occupants spending time in these enwents, especially those working in these
environments. In terms of mental health, the mijaf studies on those working in underground space
have been conducted on miners [15-17]. These stuthee reported a high prevalence of depressive
symptoms and anxiety disorders among this populdti®-17]. However, this may primarily be due to
the extreme working conditions experienced in sawghoccupation. Less research has been conducted
with those working in less extreme underground \ptar&es i.e. office spaces which are underground.
Studies have, however, examined window-less wodegawhich to some extent exhibit similarities to
working underground due to the lack of natural tighhese studies reported that a lack of workplace
exposure to natural light was related to depressyveptoms and worse mental health [18, 19]. With th
expansion of underground environments, more peagdikely to work in such spaces, thus additional
research has been called for on the psycho-saethhaalth aspects of underground spaces [20]. mdoo
environmental quality (IEQ) parameters are repotiede of concern to occupants in underground
workspaces [21-23]. Previous research has demtedtiizat workers perceive the environment to be too
noisy and consisting of unpleasant lighting [21hiler also expressing concern about air quality .[22]
Humidity and thermal comfort are also common coimpdain underground workplaces [23]. This is
concerning as poor IEQ parameters have been shmwa &ssociated with poor psychological health in

aboveground workspaces [24-26)].

With this background, the aims of this study wete: estimate and compare the prevalence of
psychological distress over time in aboveground anderground workspaces; and to assess the
association between perceived IEQ parameters arldnetated factors with psychological distress.

2. Materialsand Methods
2.1 Study design and participants

We conducted a repeated cross-sectional analysi32®f adults from a workplace cohort study in
Singapore. Details of the cohort study design afgdighed elsewhere [27]. We recruited 464 full-time
workers from four companies in Singapore and foldwhem up after 3 and 12 months. The companies
were from the transport industry, cooling plantd #me university sector. All workers in these silese
invited to participate in the study via worksitesggrs and emails. Workers age?ll years who could
speak English and worked for at least four hoursdag at their assigned workplace were eligible. We
excluded participants who were pregnant at the toheecruitment. A total of 516 workers were
screened, of whom 464 were eligible, and recruittal the study. Of 464 workers at baseline (A1y4 42
(91.4%) were followed-up at three months (A2), 884 (72.0%) after 12 months (A3). Figure 1 shows
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the selection of study sites and participants dralr tfollow-up at 3 months and 12 months. Data
collection for this study was conducted from Aug8ti7 to March 2018. Among the 334 adults who
completed the three assessments, 5 were excludedodmissing or incomplete data, resulting in 329
adults and a total of 978 observations includetthénfinal analysis.

2.2 Study variables and measurements
2.2.1 Outcome measure

The outcome measure, psychological distress wassureth using the 12-item General Health
Questionnaire (GHQ-12). The GHQ-12 asks whether rdspondent has experienced a particular
symptom or behaviour recently; and includes questam mood, emotions, self-worth and worries during
the previous four weeks. Responses range overaand-grale, from “less than usual” to “much morarth

usual”, and the original GHQ scoring method (0-0}lwas applied [28]. The GHQ-12 has acceptable
psychometric properties to screen for minor psyatickl distress in occupational studies [29]. Based

previous research from Singapore, a GHQ-12 score2ofvas used to categorize participants with

psychological distress [30].

No. of companies contacted (n=27)

%’I Not contactable/not willing (n=15) |

No. of companies agreed (n=12)

—'I Not eligible (n=8) |

A 4

| No. of companies recruited (n=4) |

hJ A J v ¥
| Company 1 | | Company 2 | | Company 3 | | Company 4 |
| Participants screened (n=39) | | Participants screened (1-198) | Participants screened (n=249) | | Participants sereened (n=30) |
Not eligible (n=23) Not eligible (1=15) Not eligible (r=14) Not cligible (n=0)
4 v
| Participants recruited (n=16) | | Participants recruited (n=183) | Participants recruited (n=235) | Participants recruited (n=30) |
v v

}

| Total no. of participants recruited (n=464) | Not contactable (n=9)
I Pregnant (n=2)
# Moved job (n—=8)

Not willing (n=21)
| Participants followed-up at 4 months (n=424., 91.4%) |

Not centactable (n=21)

Pregnant (1=1)

Moved out of facility (n=11)
Moved job (n=15)

| Not willing (n=42)

¥

| Participants followed-up at 12 menths (n=334. 72%)
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Fig. 1. Participant enrolment and follow-up flowchart.

2.2.2 Independent variables

Work location: Participants worked in undergrounad saboveground workspaces (O=aboveground;
1=underground). Underground workspaces were defasedork environments that are below the street
level, while aboveground workspaces were on or abbg street level. Underground workspaces did not
contain a window view of the outdoor environmenhiles workers in aboveground workspaces varied in
their distance and view of a window. Individualsunderground workspaces worked comparable job

types (administration, control room and workshapfhiose in aboveground workspaces.

Work-related characteristics: Questions assessedumber of years employed in the current company,
daily working hours, shift worker (0=no, 1=yes) aadcupation type (1= office, 2=control room, or
3=workshop). For the occupation type variable,dffice category consisted of desk-based workers who
were admin personnel and managers, control roomisted of traffic controllers who were also desk-

based workers, while workshop consisted of engsaerd technicians.

Perceived indoor environmental quality: Perceivewlobr environmental quality (IEQ) of air,
temperature, noise, and light were measured uba@FFICAIR questionnaire [31]. The OFFICAIR is

a standardized questionnaire with established hititia and validity that has been used in several
European countries [32]. Responses were reportedsaven-point Linkert scale: 1 (unsatisfactoryy to
(satisfactory). Responses were reverse coded éoatlalysis so that a higher score equated to higher

dissatisfaction.

2.2.3 Covariates:
2.2.3.1 Socio-demographic characteristics

Socio-demographic characteristics included agedger{O=male; 1=female), ethnicity (0=Chinese,
1=Malay, 2=Indian, 3=others), and education (O=priyrand secondary, 1=pre-university, 2= university

degree and above).

2.2.3.2 Health and lifestyle factors

Physical activity was measured using the Globalsiay Activity Questionnaire [33], which measures
activity levels in three domains namely, work, #g\and leisure. A metabolic equivalent (MET) vatfe
four was assigned for moderate physical actividesd a MET value of eight for vigorous physical
activities. The duration (in minutes) of an actiiterformed in each of the three domains was migtp

by its MET value, and these were summed to obtha tbtal MET-min/week. Individuals were
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categorized into three groups based on their METI-min/week (0O=low activity [<600 MET-min/week],
1=moderate activity [600-2999 MET-min/week], 2=higttivity [>3000 MET-min/week]). Self-reported
chronic conditions were assessed using questionfieimistory of various chronic medical conditions
including diabetes, heart disease, stroke, highlesterol, hypertension, chronic kidney disease,
peripheral vascular disease, asthma, allergy, amatahdisorders were collected and used to categyori
multi-morbidity in participants (O=none, %=1 conditions). The Pittsburgh Sleep Quality Inde$QI)
was used to measure sleep quality in the previoostim[34]. It has 19 self-rated items, which are
grouped into seven subscales: subjective sleeptyjualeep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleepingicatidns, and daytime dysfunction. The sum of ssore
for these seven components provides a global sgarges from 0 to 21), with “0” indicating no
difficulty and “21” indicating severe difficultiem all areas. Participants with a PSQI global scee
were categorized as having poor sleep quality (6dgdeep quality, 1=>5 poor sleep quality).

2.3 Light measurement

An optic spectrometer (AvaSpec-ULS2048L StarLinesdéle Fiber-optic Spectrometer) was used to
obtain readings of illuminance (lux) at participgireye level at their work desks/spaces. Measurésnen
were taken for a period of 10 minutes on a randarkday during the baseline assessment. Individual
readings were obtained for participants with indiadl workspaces (i.e., specific work desks, cubjote
work stations), whereas 5-10 readings (dependingthen size of the workspace) were taken for
participants in shared workspaces. The averagehadet readings was then assigned to participants

working in those workspaces.

2.3 Statistical analysis

Continuous variables (daily working hours, percdiVEQ) were summarised using means (+ SD) and
categorical variables (gender, age category, dthnieducation, physical activity, sleep qualityg-c
morbidity, stress at work, occupational type, dorabf employment, shift work status, work locajion
using frequencies and percentages. Normality ottimtinuous variables was tested by the ShapirdWil
test, and if skewed, then median and inter-quardifege were given for those variables. Pearsoris ch
square test was used to compare crude proporteiagebn those with and without psychological distres
Student’s t-test was used to compare the differanogeans between two groups for normally disteblut
variables and Wilcoxon rank-sum test was used Kewed variables. The prevalence of psychological
distress was calculated per assessment. The namératprevalence was the number of workers with
psychological distress. Similarly, unadjusted meah$EQ parameters over time are compared using

repeated measures ANOVA separately for work locadiod psychological distress.
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To assess the association between perceived IE@ssead working underground with psychological
distress, we performed a generalised estimatingtems (GEE) with repeated measures using lodit lin
and an exchangeable correlation structure. For pEf@ameters, analyses were conducted for combined
(aboveground and underground) workspace locathen separately for aboveground and underground
workspaces, adjusted for socio-demographic (agedege educational attainment, marital status, and
ethnicity), health and lifestyle (physical activigpmorbidity, and sleep quality), and work-relatactors
(shift work, occupation type, stress at work, wdokation, and years at company). We tested for
interaction or effect modification by including smproduct terms representing products of workspace
by perceived IEQ. The cross-product interactionsevedso checked and considered significant if ps.0.0
However, a separate model was fitted for work-ezlgiarameters by adjusting socio-demographic, thealt
and lifestyle factors. GEE was employed to considerdependency of repeated observation on the same
subjects over time. Results for the GEE models veeqaressed as adjusted odds ratios (aORs) for
psychological distress with 95% confidence intes@ls) using robust standard errors. Only data tha
was recorded at each timepoint was included iBE analysis. Due to logistical reasons, lux dedenf

the spectrometer was only recorded at one timepitite study. hence lux data was excluded from the
GEE analysis. All statistical tests were two-sidedl p-value <0.05 were considered to be statibtical
significant, and analyses were conducted usingaStaftware (version 14.2, StataCorp, College Siatio
TX, USA).

2.4 Sensitivity analyses
We conducted a sensitivity analysis to examinerdiheistness of the reported associations. We rgpeate

the analysis with the main effects model using@tor@gressive correlation structure to allow fosgible
correlations between assessments for overall wadesp

2.5 Ethics approval
The study was approved by the Institutional Revigward of Nanyang Technological University (IRB-

2015-11-028). Informed consent written consent whiined from all study participants prior to the
commencement of data collection.

3. Results

3.1 Baseline characteristics
Table 1 presents the baseline characteristicseo$tildy participants. The mean age of study ppétitts

was 39.8 years (+x11.1). The majority of particigawere male (77.8%), of Chinese ethnicity (65.7%),
had at least post-secondary education (64.6%) ankled AG (66.9%).
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There was no significant difference between pardiots working in above and underground
workplaces in terms of age, ethnicity or educatiime only demographic difference between groups was
based on gender. Female participants were ledy likebe working in underground workplaces, with
females making up 13.8% of workers in undergrourmalkplaces compared to 26.4% of aboveground
workplaces. There was no difference in health aifiestyle factors between underground and
aboveground participants. Underground workers wawee likely to be a shift worker compared to those
working aboveground. Participants working undergobueported working 42 minutes longer per day
than those working aboveground.

The overall prevalence of psychological distress 25h.9% (95%CI: 17.5% to 26.7%) at baseline, 26.1%
(95%CI: 21.5% to 31.2%) and 21.9% (95%CI: 17.5%2607/%) at 3 and 12 months follow-up, while
7.4% of participants presented as cases of psygitalodistress at all three assessments. The crude
prevalence of psychological distress by healthstifle and work-related factors over time is prestim
Table 2. The distribution of psychological distres®r time did not vary significantly by particigah
characteristics.



189 Tablel
190 Baseline characteristics of study participants, 28-3

)
A

Variables N (%) Aboveground = Underground p-\}lél’ti'é !
N=329 N=220 N=109 192
Socio-demographic factors ISZ In
Age (years) 9@%6 c
21-30 92 (28.0) 65 (29.6) 27(248)  19g |
31-40 95 (28.9) 64 (29.1) 31(284) 197
>40 142 (43.2) 91 (41.4) 51 (46.8) 108 ¢
Gender 0940 e
Male 256 (77.8) 162 (73.6) 94(86.2) 200 s
Female 73 (22.2) 58 (26.4) 15 (13.8) 201
Education 00827 m
Primary and secondary 34 (10.3) 22 (10) 12 (11.0) 203 i
Pre-college 178 (54.1) 118 (53.6) 60 (50.1) 204 «x
College and above 117 (35.6) 80 (36.36) 37(33.9) 205 e
Ethnicity 0XD8 d
Chinese 216 (65.7) 142 (64.6) 74 (67.9) 207
Malay 60 (18.2) 44 (20.0) 16 (14.7) 208 e
Indian 39 (11.9) 26 (11.82) 13(11.9) 209 t
Otheré 14 (4.3) 8 (3.6) 6 (5.5) 210 n
Health and lifestylefactors 211 n
Physical activit}) o
Low 73 (22.2) 51 (23.2) 22 (22.2) 2ls ¢
Moderate 145 (44.1) 97 (44.1) 48 (44.0) <414
High 111 (33.7) 72 (33.6) 39(35.8) <2 1
Comorbidity 5> !
No morbidity 204 (62.0) 139 (63.2) 65(59.6) <! €
>1 morbidity 125 (38.0) 81 (36.8) 44 (40.4) 572 %
Sleep quality iiz
Good sleep quality (PSQI<5) 191 (58.1) 127 (57.7) 64 (58.7) 6864 |
Poor sleep quality (PSEB) 138 (42.0) 93 (42.3) 45 (41.3) EEE )
Work-related factors 223 d
Occupation type 9 3 o
Office staff 159 (48.3) 110 (50) 49 (44.9) 205
Control room staff 98 (29.8) 63 (28.6) 35(32.1) 226 e
Workshop staff 72 (21.9) 47 (21.4) 25 (22.9) 227 | s
Shift work 0228 |
No 218 (66.3) 155 (70.4) 63 (57.8) 229 4
Yes 111 (33.7) 65 (29.6) 46 (42.2) 230 n
Years working at compahy 4.0 (1.0-8.0) 1(1.0-7.5) 4 (1-10) 28122 s
Daily working hour§ 8.6 (1.4) 8.4 (1.0) 9.1(1.8) <@32
Light® (lux) 121.9 (74.4) 124.0 (81.4) 117.3 (55.9) 23B463
234 p

235  akistanis and Filipinos

236  PPhysical activity: low activity=<600 MET-min/weekjoderate activity=600-2999 MET-min/week, high aityiv>3000 MET-
237  min/week.

238  °Median and inter-quartile range (IQR) reportedrfon-normally distributed variable
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9Mean and standard deviation (SD) reported for nyndéstributed variable
*Student t-test for normally distributed continumasiables, the Wilcoxon rank-sum test for non-ndiyrgistributed continuous
variables, and the Pearson chi-square test fogaatal variables. PSQI, Pittsburgh Sleep Quatityelx

Table2
Crude prevalence of psychological distress by hebfestyle and work-related factors, N=329

Baseline At 3-months = At 12-months  p-value
follow-up follow-up
n (%) n (%) n (%)

Overall prevalence 72 (21.9) 86 (26.1) 72 (21.9) 160.
Health and lifestyle factors
Low physical activity 16 (21.9) 32 (33.7) 28 (26.2) 0.218
>=1 comorbidity 32 (25.6) 35 (28.7) 35(27.1) 0.862
Poor sleep quality (PSQI>=5) 46 (33.3) 56 (39.2) (37.3) 0.587
Work-related factors
Shift workers 30 (27.0) 31 (27.7) 17 (16.2) 0.085
Workspace location

Aboveground 50 (22.7) 54 (23.9) 48 (21.5) 0.839

Underground 22 (20.2) 33 (30.8) 24 (22.6) 0.542
Occupation type

Office staff 36 (22.6) 42 (26.4) 41 (25.8) 0.707

Control room staff 24 (24.5) 26 (26.5) 16 (16.3) 0.194

Workshop staff 12 (16.7) 18 (25.0) 15 (20.8) 9.46
Continuous variables

Years working at company (median, 4.0 (2.0-8.5) 4.6 (2.3-9.8) 5(3.1-7.9) 0.246

IQR)

Daily working hours (mean + SD) 8.9 (1.4) 8.%5(1. 8.7 (1.2) 0.496

: Side-by-side crude comparisons were made to checkrand in psychological distress. Chi-squaeftastategorical
variables, ANOVA for normally distributed variabjemd Kruskal-Wallis H test for non-normal varighl&QR: inter-quartile
range; SD, standard deviation; PSQI, Pittsburgkefs@uality Index.
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3.2. Change in perceived IEQ over time by work tioceand psychological distress status
Table 3 shows unadjusted mean scores and standeiatidn of perceived indoor environment quality

(IEQ) stratified by work location and psychologictdtress status. Mean scores of dissatisfactitim aif
quality, noise level, and light quality significhntincreased (p<0.05) over time in aboveground
workspaces, while in underground workspaces, ordyamscores for dissatisfaction with light quality
increased (p<0.05) over time. None of the IEQ patems showed any significant trend among
participants with psychological distress. Howeweean scores of dissatisfaction with noise level and
light quality significantly increased (p<0.05) odane among respondents without psychological eléstr
Table3

Unadjusted mean and standard deviation (SD) sadreerceived indoor environment quality (IEQ) dfratl by
work location and psychological distress status=(829)

Baseline At 3-months At 12-months = p-value
follow-up follow-up

Aboveground
Air quality 3.6(1.3) 3.7(1.4) 3.8(1.3) 0.028
Temp comfort 3.5(1.4) 3.5(1.4) 3.6(1.3) 0.356
Noise level 3.5(1.4) 3.6(1.3) 3.8(1.4) 0.012
Light quality 3.0(1.2) 3.4(1.3) 3.6(1.2) <0.001
Underground
Air quality 3.6(1.3) 3.7(1.3) 3.7(1.3) 0.366
Temp comfort 3.2(1.3) 3.5(1.3) 3.3(1.2) 0.086
Noise level 3.2(1.3) 3.4(1.3) 3.3(1.4) 0.596
Light quality 3.1(1.2) 3.4(1.2) 3.6(1.3) 0.003
With psychological distress
Air quality 4.1(1.2) 4.1(1.4) 4.2(1.2) 0.222
Temp comfort 3.7(1.5) 3.9(1.3) 4.0(1.2) 0.322
Noise level 3.9(1.4) 3.8(1.5) 4.2(1.5) 0.055
Light quality 3.4(1.2) 3.7(1.4) 3.8(1.1) 0.395
Without psychological distress
Air quality 3.5(1.3) 3.5(1.3) 3.6(1.3) 0.331
Temp comfort 3.3(1.3) 3.4(1.4) 3.4(1.3) 0.288
Noise level 3.3(1.4) 3.4(1.3) 3.5(1.4) 0.040
Light quality 2.9(1.2) 3.3(1.2) 3.6(1.3) <0.001

3.3. Comparing perceived IEQ by work location asgighological distress status
The means and standard deviations of perceived VEIQes stratified by above and underground

workspaces, and by cases and non-case of psyctalodjstress are provided in Table S1 of the

supplementary materials. In assessments 1 an@r, tas no difference between workers in above and
underground workspaces in terms of perceived IEQuévVer, in assessment 3, there was a significant
difference in perceived temperature and noise atvwike groups, with aboveground workers reporting
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higher (worse) scores on these parameters. Meapgroéived IEQ scores of cases of psychological

distress were consistently higher (worse) compereubn-cases across each assessment.

3.4. Association between workplace factors andlpsiggical distress
The results from the GEE analysis assessing tleeiasion between workplace factors and psycholdgica

distress are shown in Table 4. In the multivaraealysis, working underground was not associatell wi
psychological distress after adjusting for potdré@founders (aOR: 0.96, 95% CI 0.60-1.52). Lange
working hours (aOR: 1.28, 95% CI 1.08-1.51)wereoaisged with a higher odds of psychological
distress after adjusting for potential confounders.

Table4
Unadjusted and adjusted odds ratios (OR) with 98¥%fidence interval (Cl) of psychological distreselavork-
related factors (N=329)

Unadjusted OR Adjusted OR
Variables OR 95% ClI p-value OR 95% ClI p-value
Work location
Aboveground (ref) 1 - - 1 -- -
Underground 1.10 0.73-1.66 0.649 0.96 0.6021.5 0.750
Occupation type
Office staff (ref) 1 -- -- 1 -- --
Control room staff 0.87 0.55-1.37 0.549 0.72 50.3.48 0.375
Workshop staff 0.79 0.47-1.34 0.384 1.10 0.287 0.773
Years working at the company
Less than 4 years (ref) 1 -- -- 1 -- --
4 years or more 1.25 0.89-1.75 0.207 1.37 0206 0.127
Daily working hours 1.18 1.04-135 0.012 1.28 1.08-151 0.004
Shift work
No (ref) 1 -- -- 1 -- --
Yes 1.12 0.76 - 1.65 0.584 1.13 0.61 - 2.08 0.699

OR: odds ratio; Cl: confidence interval; ref: refiece category
Multivariable analysis was adjusted for demograpttiaracteristics (age, gender, educational attaibne¢hnicity), health and
lifestyle factors (physical activity, comorbiditsieep quality) and season.

3.5. Association between perceived IEQ and psygmabdistress
Table 5 presents odds ratios for psychologicalrelist before and after adjustment for potential

confounders stratified by workspace location. Atihents for confounders made little difference ia th
odds ratios. A 1-unit decrease in perceived airliguéOR: 1.24, 95% CI:. 1.09-1.41), temperature
comfort (OR: 1.26, 95% CI: 1.10-1.43), noise lef@R: 1.21, 95% CI. 1.09-1.37), and lighting (OR:
1.18, 95% CI: 1.05-1.33) was significantly ass@datwith psychological distress. A significant
interaction was observed between the perceivedjwtity and workplace location. In aboveground
workplaces, the estimated prevalence of psychabgiistress was significantly associated with noise
level (OR: 1.24, 95% CI: 1.09-1.43) and temperatomfort (OR: 1.19, 95% CI: 1.02-1.38) in the
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workplace. However, in underground workplaces, @ead air quality (OR: 1.62, 95% CI: 1.26-2.18);
temperature comfort (OR: 1.49, 95% CI: 1.12-1.%#)d perceived light quality (OR: 1.37, 95% CI:
1.07-1.77) were significantly associated with tegghological distress.

Table5
Unadjusted and adjusted odds ratios (OR) with 95%fidence interval (Cl) of psychological distress

associated with 1-unit decrease in perceived inderorironment quality (IEQ) parameters stratified by
workplace location (N=329)

_ Unadjusted OR Adjusted OR P-value for
Variables . .
OR 95% ClI p-value OR 95% CI p-value interactioRl
Air quality 124 1.10-1.40 <0.001 124 1.09-1.41 0.001 0.016
AG + Temp comfort 1.21 1.08-1.37 0.002 1.26 1.10-1.43 0.001 0.099
UG Noise level 1.25 1.12-1.41 <0.001 121 1.09-1.37 0.001 0.858
Light quality 117 105130  0.005 118  1.05-1.33 0.006 0.306
Workplace 15 (75.169 0581 096  0.60-151  0.858 e
locatiorf
Air quality 1.13 0.98-1.31 0.104 1.14 0.98-1.33 9B0 -
AG Temp comfort 1.17 1.02-1.34 0.029 119 1.02-1.38 0029 -
Noise level 1.28 1.12-1.47 <0.001 1.24 1.09-1.43 0.002 -
Light quality 1.13  0.99-129  0.057 112  0.97-1.28 .11@ -
Air quality 157 1.26-1.95 <0.001 1.62 1.26-2.08 <0001 -
G Temp comfort 1.35 1.06-1.72 0.016 1.49 1.12-1.97 0.006 -------
v Noise level 1.24 0.99-1.55 0.057 1.22 0.97-1.55 90.0  ------

Light quality 122 100-147 0043 137 1.07-1.77 0013 -

AG: aboveground workspaces; UG; underground wokepa

2Adjusted for demographic characteristics (age, ggnetlucational attainment, ethnicity), health hfedtyle (physical activity,
comorbidity, sleep quality), work factors (work lisun a day, shift work, work type, years at compand season.

®p_value for interaction between workplace locagamoveground and underground) and perceived IE@sco

°AG workplaces as the reference category

3.6. Sensitivity analysis
Results of the sensitivity analyses showed thatguie correlation structure of autoregressiveldce of

exchangeable correlation structure in GEE modelirege similar as the autoregressive correlation

structure made little difference in the effect msties (see Table S2, Supplementary Materials).

4. Discussion

4.1. Main findings and study summary
To our knowledge, this is the first study to estienand compare the prevalence of psychologicaledist

in aboveground and underground workspaces withategemeasures over time. In addition, this study
assessed the association between perceived IEQ@@s and work-related factors with psychological
distress over time. Our findings indicate that vilogkin workplaces that are underground was not
associated with a higher odds of psychologicakekst when compared to those in comparable job types
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in aboveground workplaces. We found a significasstoagiation between dissatisfaction with indoor air
guality, temperature, noise and lighting in the kpdace with psychological distress, after adjusfimga
range of potential confounders, including socio-dgraphic, health, lifestyle and workplace factaise
observed that the association between perceivequality and psychological distress was modified by
workplace location, suggesting that perceived a#lity has a stronger effect on psychological disrin
underground workers compared to those abovegrdiomyer working hours was the only work-related
factor associated with psychological distress. dverall prevalence of psychological distress wa9%]
26.1%, and 21.9%, at baseline, 3 and 12-monthviellp, respectively. The prevalence rates obsemved i
this study are in line with previous research ia torking and general adult population in Singapore
with reported rates ranging from 20.2%-21.7% [3%-37

4.2. Underground and aboveground workers show amelels of psychological distress
There was no significant difference in the levdlpsychological distress between workers in under a

aboveground workspaces, which is somewhat surpgrigigen that previous research examining the
mental health of individuals working in undergrowsmhces has reported a high prevalence of depeessiv
symptoms and anxiety among this population [1538], However, these reports have been limited to
the study of miners and train drivers [15-17, 28]d is lacking for other occupations. There is al$ack

of studies comparing similar occupations workingabove and underground workspaces, thus limiting
the interpretations of the impacts of undergroumdkapacegper se.In fact, several aboveground spaces
lack environmental qualities like direct and indirsunlight exposure and connection to outdoor epac
(e.g. natural landscapes), which have been showe tassociated with occupational stress, depressed
mood and anxiety [39]. Hence, the elements thatemaiderground spaces so particular in terms of
impact on physical and mental health are somewhalas to a vast amount of aboveground workplaces
nowadays. This similarity is demonstrated by theklaf difference observed in the under and
aboveground workplaces in terms of both the objebtimeasured light intensity at baseline, and the
subjective assessment of workplace lighting acressh of the three assessments. Occupants of
aboveground workspaces may have been limited invhev and exposure to windows due to the height
of their cubicle or seating arrangement, and theupants also had the possibility to use shutteds an
blinds which would further restrict views of thetside environment and reduce natural light entering
their workspace. Similarities in IEQ parameters rpatentially explain why we did not find a diffelan

in levels of psychological distress between theugso Furthermore, while dissatisfaction with ligigti
was a predictor of psychological distress in thevaniate and multivariate analyses, satisfactiothwi

workplace lighting did not differ between above amdlerground workers.
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4.3. Longer working hours associated with psychicklglistress
The GEE model indicates that other than the IEQupaters, experiencing stress at work and longer

working hours were also associated with psychobigiéstress. The association between longer working
hours and psychological distress is in line wittopresearch [40-43]. This may be of additional azrm

in Singapore as the national average working weela ffull-time worker in 2019 is 45 hours [44], whi

is 10 and 5 hours longer per week than the aveftdgéme worker in the US and the EU respectively
[45, 46]. The average daily working hours of thagnple was 8.6 hours, which is similar to the nation
average in Singapore [44]. Previous research hgidigited that shift work is usually related to poo

mental health outcomes[47], however, this findiragwot observed in our sample of workers.

4.4. Perceived IEQ relates to psychological distriesall workspace environments
While previous studies have reported a relationbkipveen IEQ and sleep quality [48], musculoskeleta

disorders [49], sick building syndrome [50-52], sefal symptoms [53] and performance at work [54]
this study demonstrated that perceived IEQ parasietamely air quality, thermal comfort, noise and
lighting in the workplace were associated with p&fogical distress. While air quality has long been
known to impact our physical health, its effectam mental health has only recently come to fof [5
57]. A recent exploratory study using a datasel wibre than 150 million individuals from the US and
Denmark reported a significant association between pollution exposure and the risk of
neuropsychiatric disorders [55]. The literaturenmrkplace thermal comfort and psychological distriss
limited. However, a correlation between greaterrttad comfort and lower levels of anxiety has been
reported in a study among nurses [58]. In line wither workplace studies, our study found an
association between dissatisfaction with workplam#se and psychological distress [59, 60]. A
population-based study in Germany involving 15,@Edticipants reported that noise annoyance was
associated with an increased prevalence of depressid anxiety [59], while a workplace study
involving 2,368 blue-collar workers similarly reped that noise exposure and noise annoyance was
associated with psychological distress [60]. Imerof the association between IEQ parameters and
mental health, the most well studied and understetadionship is that between light and mental theal
This relationship is based in neural networks tretslate retinal light stimuli into neural and imanal
outputs in a biological system that coordinatesspiggical and behavioral rhythms [61, 62]. It iBwn
known that alterations in normal biological rhythwia unusual light signals (lack of natural suntigh
during daytime and exposure to light pollution aht) have significant impacts not only for seagona
affective disorder [63], but also for unipolar degsion and other mood affections [64-66]. A figlady
with office employees during winter reported thapeated bright-light exposure improved vitality and
reduced depressive symptoms in non-depressive veorkée effects were similar for individuals with

and without seasonal variation of depressive symatology [67].
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Strengths, limitations and potential implications
This study has a number of strengths. First, thielysincluded a relatively large sample size for a

workplace cohort study. Secondly, we included eygss from offices, workshops, and control rooms,
thus advancing the generalisability of findingot@upational groups sharing similar work environtaen
Thirdly, we accounted for a large number of confbens in the analysis. Nonetheless, limitationshef t
study need to be considered too. Firstly, there ava@8% loss to follow-up at 12 months, however,
attrition is a common issue in workplace studidse Toss to follow-up in this study was mainly doe t
staff turnover and a lack of time owing to work aoitments or work shifts. Comparable rates of atimit
have been observed in other workplace studies rejpeated measures in Asia [68-71]. Secondly, the
study still has the limitation of a cross-sectiosaldy that cannot confirm causation, furthermaove,
cannot delineate whether sub-standard environmerdehmeters caused psychological distress or
whether being a worker experiencing psychologidstrelss led to more negative perceptions about the
environmental parameters in the workplace. Howetldg study provides good evidence for future
experimental studies. Thirdly, we collected sefferded data which is subject to reporting biasutfo
most of the questionnaires have been validatedbaet extensively used in epidemiological studies.
Lastly, due to logistical issues, we were unabledaduct objective environmental measures at each
timepoint, and thus are unaware of how the enviemal parameters within the workplaces may have
changed over time.

In this study, worse perceived IEQ parameters wassociated with psychological distress
reinforcing the importance to consider all IEQ pagters that may potentially influence an individsial
mental health. Future studies should objectivelyasnee these environmental signals to better eltecida
the relationships between IEQ and psychologicalreis, and do so in a longitudinal manner. We
highlight the need for an integrative approach torkplace design which should include engineers,
architects, psychologists and health professiomalthe development of health-promoting workplaces

which take a holistic approach to designing thekptace environment.

Conclusion
There was no difference in psychological distrextsvben individuals working in above and underground

workspaces. However, the prevalence of psycholbgistress in this sample of workers remained high
and consistent over a 12-month period. A decraapericeived indoor air quality, temperature, neaisd
lighting in the workplace was associated with ahbigodds of psychological distress. In underground
workplaces, a decrease in perceived indoor aitityusgmperature comfort, and satisfaction withtigg
was associated with a higher odds of psychologitsttess, while in aboveground workplaces noise
dissatisfaction and temperature discomfort wereasted with a higher odds of psychological didtres

As worse perceived IEQ was associated with psycfiwdb distress, healthy building policies that
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improve IEQ may lead to a lower prevalence of psiaffical distress among workers. Future studies are
needed to examine the relationship between obgatigasures of IEQ and psychological distress and th

impact of healthy building policies and improved®Bn psychological distress.
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Fig. 1. Participant enrolment and follow-up flowchart.



Highlights

. There was no association between working underground and psychological distress
. Perceived |EQ in the workplace was associ ated with psychological distress

. Stress at work and longer working hours were associated with psychological distress
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