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Health Effects of Underground Workspaces (HEUW) cohort: study design and baseline 1 

characteristics  2 

Abstract 3 

The development of underground workspaces is a strategic effort towards healthy 4 

urban growth in ever-increasing land-scarce cities. Despite the growth in underground 5 

workspaces, there is limited information regarding the impact of this environment on 6 

worker’s health. The Health Effects of Underground Workspaces (HEUW) study is a 7 

cohort study which was set up to examine the health effects of working in underground 8 

workspaces. In this paper, we describe the rationale for the study, study design, data 9 

collection and baseline characteristics of participants. The HEUW study recruited 464 10 

participants at baseline, of which 424 (91.4%) were followed-up at three months, and 11 

334 (72.0%) after 12 months from baseline. We used standardized and validated 12 

questionnaires to collect information on socio-demographic and lifestyle 13 

characteristics, medical history, family history of chronic diseases, sleep quality, 14 

health-related quality of life, chronotype, psychological distress, occupational factors, 15 

and comfort levels with indoor environmental quality parameters. Clinical and 16 

anthropometric parameters including blood pressure, spirometry, height, weight, waist 17 

and hip circumference were also measured. Biochemical tests of participant’s blood 18 

and urine samples were conducted to measure glucose, lipids and melatonin levels. We 19 

also conducted objective measurements of an individual’s workplace environment, 20 

assessing air quality, light intensity, temperature, thermal comfort, bacterial and fungal 21 

counts. Findings from this study will help to identify modifiable lifestyle and 22 

environmental parameters that are negatively affecting worker’s health. The findings 23 

may be used to guide the development of more health-promoting workspaces that 24 

attempt to negate any potential negative health effects from working in underground 25 

workspaces. 26 

 27 

 28 
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Introduction 35 

How populations live and work is shifting, with urbanization continuing to rise 55% of 36 

the world’s population now live in urban areas (1). Increasingly cities are seeing 37 

subterranean development as a strategy to meet the challenge of accommodating larger 38 

population densities (2). Underground spaces can have a wide range of functions 39 

including public use (e.g., shopping centres); personal use (e.g., garages); transportation 40 

(e.g., subway); utilities (e.g., water); storage (e.g., oil) and also serve as workspaces (e.g., 41 

offices) (3). Although the development of underground workspaces (UWSs) may be seen 42 

as part of a solution to healthy urban growth, and as a means to reduce urban sprawl (4), 43 

questions remain as to the impact of spending extended periods of time in an UWS on an 44 

individuals health and well-being.  45 

UWSs pose some risks in comparison to aboveground workspaces (AWSs), with a lack 46 

of exposure to natural sunlight being the most prominent concern (5, 6). Light is the most 47 

significant external factor in synchronizing inner circadian rhythms, which regulate the 48 

behaviour, physiology, endocrinology, and metabolism of most living systems (7). The 49 

effect of light on sleep-wake cycles and melatonin secretion is well established (8, 9), and 50 

several studies have reported that underground environments impact humans’ sleep-wake 51 

cycle (10-12). Circadian rhythm disruption is associated with increased risk for obesity 52 

(13), diabetes (14) and stroke (15). Underexposure to natural light has also been reported 53 

to negatively impact an individual’s mental health. A number of psychological effects 54 

have been reported by those in UWSs, including anxiety (16) and depressive symptoms 55 

(17). These psychological effects may be the result of a lack of natural light and/or a 56 

consequence of thoughts about being in an enclosed space; thoughts of confinement was 57 

highlighted as a key concern in a survey of over 1000 participants regarding attitudes 58 

towards UWSs (18). Additionally, indoor air quality may also be an issue in UWSs. High 59 

humidity, which is a complaint among workers in UWSs (19), is of concern as it 60 

promotes bacterial and fungal growth. A meta-analysis of 33 studies, reported an 61 

association between the presence of building mould and dampness and the development 62 

of upper respiratory tract symptoms, cough, and asthma (20). Indoor parameters such as 63 

humidity and temperature have been shown to be correlated with sick building syndrome 64 

(21), and these parameters can be difficult to maintain in UWSs (22). To date, research 65 

on subterranean environments has mostly focused on engineering, and studying its health 66 

effects typically involved limited professions in extreme UWS environments (e.g. miners) 67 

(17, 23). Information is limited on the health impacts from working underground in less 68 

extreme environments, in office-based professions for example, and how those impacts 69 

change over time.  70 

In order to better understand the health effects of UWSs, we established a workplace 71 

cohort in Singapore, called the Health Effects of Underground Workspaces (HEUW) 72 

cohort, comprising of workers from under and AWSs. Our primary objectives are to 73 
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examine the effects of working in UWSs on sleep quality and melatonin levels. Our 74 

secondary objectives are to examine whether the UWS environment has effects on 75 

circadian rhythm, vitamin D deficiency, health-related quality of life, psychological 76 

distress, sick building syndrome, and lung function.  77 

The aim of this paper is to describe the rationale, study design, data collection and 78 

baseline characteristics of the cohort.  79 

Methods 80 

Study design, setting, and recruitment of participants 81 

Recruitment of participants and baseline assessment of the HEUW cohort was conducted 82 

from August 2016 to January 2017. UWSs in Singapore were identified through online 83 

searches and discussion with civil engineers who were part of the research team. 84 

Subsequently, to obtain a suitable comparison group, AWSs with workers with a 85 

comparable job type or industry to those in UWSs were identified. A total of 27 86 

companies in Singapore were contacted through personal visits, phone calls and emails, 87 

of which, 15 were either uncontactable or unwilling and eight were small with less than 88 

20 employees. In total, four companies were recruited including those from the transport 89 

industry (n=2), cooling plants (n=1) and university (n=1). Recruitment of participants 90 

across 10 sites from these four companies was conducted in two steps. First, the study 91 

team approached the worksites and met with the senior management team to discuss the 92 

study. Once confirmation of participation from the management team was obtained, 93 

employees were invited to participate via worksite posters, meetings, and emails. 94 

Employees expressed their interest through their management team or directly registered 95 

with the study team at the recruitment session. Those willing to participate were screened 96 

for eligibility. Participants were eligible for selection if they were aged 21 years and 97 

above, and working for at least four hours/day at their assigned workspace. Participants 98 

were deemed ineligible for selection if they were pregnant or if on average, they made at 99 

least one trip per month to countries in a different time zone from Singapore in the past 100 

six months. Figure 1 shows the selection of study sites and participants and their follow-101 

up at 3 and 12 months.  102 

- Figure 1 to be included here - 103 

Sample size calculation 104 

We conducted a precision-based sample size calculation for both the primary outcomes 105 

i.e. sleep quality and melatonin levels. For sleep quality, data (unpublished) from the 106 

National Population Health Survey in Singapore (24), an ongoing survey on a 107 

representative sample (18-79 years) of Singapore Citizens and Permanent Residents, 108 

showed that the average mean Pittsburgh Sleep Quality Index (PSQI) score was 4.12 with 109 
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a standard deviation (SD) of 2.69. Assuming the true difference in mean PSQI will lie 110 

within ±1 unit of the estimated difference with 95% confidence interval (CI), we needed 111 

a minimum of 60 participants from UWSs and 60 from AWSs. At the time of recruitment, 112 

there was no published data on melatonin available for the Singaporean population. 113 

Therefore, we used data of normative melatonin secretion values from a Japanese study 114 

(25), where the mean (SD) was 121.94 (123.85) ng/ml. Assuming the true difference in 115 

mean melatonin secretion will lie within ±10 ng/ml and 50% of its reported variance with 116 

95% CI, we needed a minimum of 128 participants from UWSs and 128 from AWSs. To 117 

have a better representation of participants from AWSs, we doubled its sample size to 118 

256. We further adjusted this sample size for a 20% attrition rate at one year, and hence, 119 

the operational sample size for this study was 461 participants. A one-year follow-up was 120 

deemed sufficient as participants employed in UWSs were already working for a median 121 

(inter-quartile range, IQR) of 4.2 (2.5-8.0) years and those employed in AWSs were 122 

working for a median (IQR) of 3.3 (2.2-6.5) years at the time of recruitment. Furthermore, 123 

a recent systematic review of 15 studies showed that reduced melatonin levels due to 124 

exposure to artificial light recovered within 15 minutes after cessation of exposure, 125 

indicating a short-term effect of artificial light exposure on melatonin secretion (26). 126 

Measurements  127 

Table 1 shows the measurement domains, tools, and follow-up time points.  128 

Questionnaires 129 

Standardized and validated questionnaires were used to collect data on socio-130 

demographic characteristics, health behaviours, work-related characteristics, 131 

psychological characteristics, chronotype, health-related quality of life, medical history, 132 

sick building syndrome, and indoor environment quality (IEQ) measures.   133 

a) Socio-demographic characteristics: Data on age, gender (male and female), marital 134 

status (never married, divorced, widowed and married), education (primary and 135 

secondary, pre-college, and college degree and above), occupation, nationality 136 

(Singaporean and foreigner), ethnicity (Chinese, Malay, Indian, and others), housing type 137 

(HDB flat, condominium, terrace, semi-detached, bungalow) and monthly income 138 

(<S$2,000, S$2,000-S$3,999, S$4,000-S$5,999, S$6,000-S$9,999, ≥S$10,000) were 139 

collected.  140 

b) Health behaviours: Data on smoking habits and alcohol drinking were collected using 141 

standardized questions from the World Health Organization STEPS questionnaire (27). 142 

Smoking questions collected information on lifetime smoking, current smoking, 143 

frequency of smoking, and amount of cigarettes smoked. Alcohol questions included 144 

those pertaining to frequency of alcohol drinking and the average amount of alcohol 145 

consumed on a drinking day. Physical activity was assessed using the Global Physical 146 

Activity Questionnaire (28). The duration (minutes) of an activity performed during work, 147 
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travel and leisure time on a typical day was multiplied by its metabolic-equivalent task 148 

(MET) value, and they were summed to obtain the total MET-mins/week. A MET value 149 

of four was assigned for moderate activities and a MET value of eight was given for 150 

vigorous activities. The total MET-mins/week was used to categorize participants 151 

according to their physical activity levels; low (<600 MET-mins/week), moderate (600-152 

2999 MET-mins/week), and high (≥3000 MET-mins/week) (29). Sedentary behaviour 153 

was assessed by the following question: How much time do you usually spend sitting or 154 

reclining on a typical day? Dietary habits were assessed by a food frequency 155 

questionnaire (FFQ), adapted from the FFQ used in the National Population Health 156 

Survey in Singapore (24). The FFQ included questions about the usual intake of a range 157 

of food items and drinks over the last 12 months. Data on portion size and frequency of 158 

intake of these food items or drinks were collected. Eating behaviour was assessed by 159 

asking participants’ dinnertime on weekdays and weekends, and whether they snack 160 

between dinner and bedtime. Sleep quality was measured using the PSQI (30). This 161 

questionnaire has 19 self-rated items grouped into seven components: subjective sleep 162 

quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of 163 

sleeping medication, and daytime dysfunction. Poor sleep quality defined as PSQI score 164 

>5 (30). 165 

c) Work-related characteristics: Questions were included in the self-administered 166 

questionnaires to ascertain the number of years employed in the current company, work 167 

location (UWS or AWS), job type (control room, office or workshop), daily working 168 

hours, shift work (day, afternoon, evening and night shifts) on a fixed or rotational basis, 169 

average number of night shifts in a month, and average hours spent at work desk in a day. 170 

d) Chronotype: The Morningness-Eveningness Questionnaire (MEQ) was used to assess 171 

participant’s chronotype (31). The questionnaire contains 19 items related to the 172 

participant’s preferred times for waking up and going to bed and daily activity schedules. 173 

MEQ scores range from 16 to 86, scores <42 indicate “evening types”, scores >58 174 

indicate “morning types” and scores between 42 and 58 indicate “intermediate types”. 175 

e) Psychological distress and stress: The General Health Questionnaire-12 (GHQ-12) was 176 

used to measure participants psychological distress (32). The questionnaire contains 12 177 

items with four possible options for each item. The questionnaire includes questions on 178 

concentration, sleep, mood, emotions, self-worth, and worries during the previous four 179 

weeks. Responses range over a 4-point scale, from “less than usual” to “much more than 180 

usual”, and the original GHQ scoring method (0-0-1-1) was applied (33). We applied a 181 

cut-off score of >1 to categorize participants with psychological distress (34). Stress at 182 

home, stress at work and financial stress were each assessed with single-item questions 183 

(35). To assess stress at home and at work, participants were asked: How often have you 184 

felt stress: 1) at work in the past 12 months? 2) at home in the past 12 months? 185 

Participants could select from: 1) never experience stress; 2) some period of stress; 3) 186 
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several periods of stress; 4) permanent stress. Financial stress was assessed with the 187 

following question: What level of financial stress do you feel? Participants could select 188 

from: 1) none; 2) little; 3) moderate; 4) high/severe. 189 

f) Health-related quality of life (HRQoL): The Short Form-36 (SF-36) questionnaire was 190 

used to assess health-related quality of life (HRQoL) (36). SF-36 is a well-validated and 191 

widely used generic instrument to measure HRQoL. The SF-36 is divided into eight 192 

scales namely, physical functioning, role limitation - physical, role limitation - emotional, 193 

bodily pain, general health, mental health, social functioning, and vitality, and two 194 

domains namely, physical component summary and mental component summary. Scores 195 

for each scale and domain range from 0 to 100, with higher scores indicating a better 196 

quality of life.  197 

g) Medical history: Self-reported comorbidities were assessed using questions on the 198 

history of various chronic medical conditions including diabetes, heart disease, stroke, 199 

high cholesterol, hypertension, chronic kidney disease, peripheral vascular disease, 200 

asthma, allergy, and mental disorders. Participants also reported whether a family 201 

member (father, mother, and siblings) has been diagnosed with specific diseases (heart 202 

disease, hypertension, diabetes, chronic kidney disease, and dyslipidaemia), and their age 203 

of diagnosis of the disease. We also collected information on the regular use of 204 

medications and supplements.  205 

h) Sick building syndrome: Sick building syndrome was assessed by a questionnaire that 206 

has been used in a nationwide morbidity survey in Singapore (37). The questionnaire 207 

covers 11 symptoms; nose-related (stuffy, runny or sneezing), dry throat, cough, skin 208 

rash/itch, eye irritation, headache, fatigue, drowsiness/sleepiness, dizziness, 209 

nausea/vomiting, and breathing difficulties. Sick building syndrome was defined as the 210 

onset of two or more symptoms at least twice weekly while in the building, overnight 211 

resolution of these symptoms after leaving the building or workstation, and absence of 212 

known medical causes. 213 

i) Indoor environment quality parameters: The OFFICAIR questionnaire was used to 214 

assess the perceived comfort levels of indoor environmental conditions namely, 215 

temperature, noise, light, and air (38). For each of these conditions, participants were 216 

asked: “How would you describe the typical indoor conditions in your  office 217 

environment during the past month?”. These questions were answered on a seven-218 

point scale, ranging from 1 (dissatisfied) to 7 (satisfied).  219 

Objective measurements  220 

a) Anthropometry: Height, weight, waist and hip circumference were measured by 221 

trained staff in accordance with standard protocols and tools (27). Height was measured 222 

using a stadiometer (Seca 217, Hamburg, Germany) to the nearest 0.1 cm, and weight 223 
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was measured in light clothing using a digital scale (Seca 874, Hamburg, Germany) to the 224 

nearest 0.1 kg. Overweight (BMI 23-27.4 kg/m
2
) and obesity (BMI ≥27.5 kg/m

2
) were 225 

defined as per the WHO recommendation for Asian populations (39). Waist and hip 226 

circumferences were measured by a stretch-resistance tape (Seca 201, Hamburg, 227 

Germany). Waist circumference was measured at the midpoint between the lower margin 228 

of the last palpable rib and the top of the iliac crest (hip bone). Hip circumference was 229 

measured at the maximum circumference over the buttocks. Two measures of central 230 

obesity were calculated, based on waist-to-hip ratio (WHR) or waist circumference alone. 231 

WHR was calculated as the ratio between waist and hip circumferences and based on this, 232 

we defined central obesity as a WHR of ≥0.90 in men and ≥0.85 in women (40). Using 233 

waist circumference, we defined central obesity as a waist circumference of >0.90cm in 234 

men and >0.80cm in women (41).  235 

b) Blood pressure: Blood pressure (BP), in accordance with the NHANES protocol (42), 236 

was measured over right arm using the appropriate cuff size with an automatic digital 237 

BP monitor (Dinamap Pro100V2, Criticon, Norderstedt, Germany). The assessment was 238 

conducted by trained staff and three readings were taken with two-minute intervals 239 

between the readings.  240 

c) Actigraphy and sleep diary: Participants wore an ‘Actiwatch’ (Actiwatch Spectrum 241 

Plus, Phillips Respironics), which contains an accelerometer capable of estimating 242 

locomotor activity (e.g. movement, rest/activity periods) and a luximeter which assesses 243 

ambient light exposure. Participants were requested to wear the ‘Actiwatch’ 24 hours a 244 

day, for eight consecutive days. Participants were instructed on how to use the device by 245 

trained staff and they were also requested to complete a sleep diary. The data were input 246 

into ‘nparACT’ package for R and chronobiology integrated software ‘El Temps’ 247 

(©Antoni Díez-Noguera, Barcelona). Double-plotted actograms were created to illustrate 248 

rest-activity rhythms. Cosinor analysis was performed by fitting the data to a sinusoidal 249 

curve of a 24-hour rhythm, which provided the variables: mesor, amplitude, and 250 

acrophase. A Sokolove and Bushell periodogram analysed the period of activity rhythm 251 

for each subject. Non-parametric serial analyses provided intracycle variability (a 252 

measure of rhythm fragmentation), interdaily stability (a measure of synchronization of 253 

the time series to the 24-h light/dark cycle), relative amplitude (RA) of data, as well as 254 

the 5 hours of lowest levels and the 10 hours of highest values for each variable.  255 

d) Fitness tracker: Participants were requested to wear a ‘Fitbit Charge 2’ (Fitbit Inc, San 256 

Francisco, CA, USA) 24 hours a day, for 23 consecutive days. The device collected 257 

information on participant’s steps, distance, calories, heart rate, and sleep. 258 

e) Blood tests: Venous blood samples were collected from participants in a fasting state 259 

(at least eight hours) by trained phlebotomists. A maximum of 11 ml of blood was drawn 260 

into two tubes – 8 ml in plain and 3 ml in fluoride tubes. Blood samples were transported 261 
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immediately, in cooler boxes (4°C), to an internationally accredited laboratory for 262 

analysis. Samples were processed using the hexokinase method for plasma glucose and 263 

enzymatic methods for serum lipids on a COBAS 6000 analyzer, using kits supplied by 264 

Roche Diagnostics, Switzerland. Low-density lipoprotein (LDL) cholesterol was 265 

estimated using the Friedewald equation for those with triglycerides ≤4.52 mmol/l (43), 266 

while for the rest, values were estimated by the direct method. Serum 25-hydroxyvitamin 267 

D (25(OH)D) concentrations were measured using the chemiluminescence immunoassay 268 

method on a Cobas e 411 analyzer with kits supplied by Roche Diagnostics, Switzerland.  269 

f) Urine tests: We adhered to the NHANES  Home Urine Collection manual to collect an 270 

overnight urine sample (44). Ice packs and a Styrofoam box were provided to participants 271 

to keep the urine cool overnight. The first urine void timing after 8 pm and the timing of 272 

the first-morning void were recorded. Total urine volume was measured and recorded. 273 

Urine samples were sent to the National University Hospital Tissue Repository 274 

Laboratory for processing and storage. Urine was aliquotted into 20 x 1 ml tubes for 275 

storage and processing. One aliquot per sample was sent to National University Hospital 276 

Reference Laboratory to run urine cortisol and creatinine tests, and one aliquot per 277 

sample was sent to the Adelaide Research Assay Facility, University of Adelaide for 278 

melatonin measurements. Overnight melatonin secretions were estimated by measuring 279 

the primary urinary metabolite of melatonin, 6-sulphatoxymelatonin (aMT6s), by double-280 

antibody radioimmunoassay, using standards and reagents supplied by Stockgrand Ltd., 281 

Guildford, Surrey, UK.  282 

g) Lung function: We followed the NHANES respiratory health spirometry procedures 283 

manual to conduct the spirometry tests in this study (45). Forced expiratory volume in 284 

one second (FEV1), forced vital capacity (FVC) and the ratio of FEV1 to FVC were 285 

determined by the Easy-on PC spirometer (ndd, Zurich, Switzerland). All spirometry 286 

examinations were performed with participants in a sitting position. Each participant was 287 

required to perform three acceptable manoeuvres. As per the NHANES guidelines, the 288 

two highest values for FVC and FEV1 needed to demonstrate minimal variability (45). 289 

h) Indoor environment quality measures:  Indoor environmental quality parameters were 290 

objectively measured at participants’ work desks or work areas for a period of 10 minutes 291 

on a random workday. For instruments (i) to (iii) (see below), individual readings were 292 

obtained for participants with individual workspaces (i.e. specific work desks, cubicles or 293 

work stations), whereas five to 10 readings (depending on the size of the workspace) 294 

were taken for participants in shared workspaces. The average of those readings were 295 

then assigned to participants working in those workspaces. Various instruments were 296 

used to measure the different indoor environmental parameters as follows: 297 
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(i) Spectrometer: An optic spectrometer (AvaSpec-ULS2048L StarLine Versatile 298 

Fiber-optic Spectrometer) was used to obtain readings of illuminance (lux) at 299 

participants’ eye level at their work desks/spaces.  300 

(ii) Digital indoor environment quality meter: A thermal comfort meter (Testo 301 

480, Lenzkirch, Germany), was used to measure air temperature, relative 302 

humidity and air velocity at workplaces.  303 

(iii) Aerosol meter: The Dustrak® (TSI8533) was used to measure particulate air 304 

pollution for each participant for a period of 10 minutes. The instrument provides 305 

size-segregated mass fraction concentrations corresponding to particulate matters.  306 

(iv) Microbial sampling: Microbial air sampling was carried out according to the 307 

SS 554:2016 guideline for Good Indoor Air Quality in Office Premises (46). 308 

Single-stage microbial viable impactor sampling using Surface Air System (SAS) 309 

principle was used as a tool to collect and concentrate air in order to identify the 310 

microbial quality of the air. Triplicate readings of each selected sampling point of 311 

a workspace were measured for a period of 10 minutes at three different time 312 

points in a day. Laboratory analysis of air samples was conducted by a laboratory 313 

accredited under the Singapore Laboratory Accreditation Scheme.  314 

Psychological and social measures 315 

A number of psychological parameters were assessed including personality 316 

characteristics, decision-making, sustained attention, response inhibition, global or local 317 

precedence, perseverance, abstract reasoning, working memory, attention and effort 318 

discounting (See Appendix 1). Unlike the health measures, the majority of the 319 

psychological tests were conducted as one-off measures. Computer tests were conducted 320 

using Mueller and Piper’s (2014) Psychological Experiment Building Language (47).  321 

- Table 1 to be included here – 322 

Baseline characteristics 323 

Tables 2-6 show the baseline characteristics of participants of the cohort (N=464). 324 

a) Socio-demographic characteristics: The mean age of participants was 39 (±11.4) years 325 

with a large proportion (41%) aged more than 40 years. The majority were male (79.5%), 326 

belonged to Chinese ethnicity (63.8%), married (60.3%), had at least post-secondary 327 

education (89.4%), and were earning <S$4,000 per month (71.3%). There was a higher 328 

percentage of males working in UWSs compared to AWSs, this was the only 329 

demographic difference between groups.  330 

b) Health behaviours, stress, psychological distress, health-related quality of life and 331 

chronotype: Nearly a quarter were current smokers (24.4%) and engaged in low levels of 332 
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physical activity (23.1%), and slightly more than half (52.4%) were alcohol drinkers. 333 

Two-thirds (66%) were consuming fruits and vegetables below the WHO recommended 334 

levels i.e. <5 servings/day. A large proportion had poor sleep quality (42.5%), close to 335 

two-thirds (62.3%) had experienced stress at home in the past 12 months, three-quarters 336 

(75.4%) were currently having financial stress, and 24.4% were considered to be 337 

experiencing psychological distress. The mean HRQoL scores for the physical and 338 

mental health scales were 51.6 and 50.2, respectively. Almost one-quarter of participants 339 

were morning types (23.7%), whilst the majority were intermediate types (65.2%) and the 340 

remaining were evening types (12.1%). There were no differences in health behaviours, 341 

stress, psychological distress, health-related quality of life and chronotype between those 342 

working in either workspace. 343 

c) Anthropometric and clinical measurements: Based on BMI, more than two-thirds 344 

(67%) of participants were either overweight or obese. Almost 40% and 35% of 345 

participants have central obesity based on waist circumference and waist-to-hip ratio, 346 

respectively. There were no differences in anthropometric or clinical measurements 347 

between those working in either workspace. 348 

d) Work-related characteristics: Nearly one-third (30.6%) were working in UWSs, and 349 

the median duration of employment was 3.8 years. The majority were office workers 350 

(48.5%), followed by control room staff (30.2%) and workshop staff (21.3%). The mean 351 

working duration per day was 8.6 hours, while more than one-third (35.8%) were shift 352 

workers. More than four-fifths (82.8%) had experienced work stress in the past 12 353 

months. Almost one-fifth (17.9%) reported experiencing sick building syndrome 354 

symptoms because of their workspace. The only work-related characteristic that differed 355 

between groups was working hours, with individuals working in UWSs working an 356 

average of 36 minutes longer per day. 357 

e) Indoor environment quality measures: The overall satisfaction levels with light, 358 

temperature, noise, and air quality were high with scores ranging from 4.5 for air quality 359 

to 4.9 for light. Those working underground were significantly less satisfied with the 360 

artificial lighting in their workspace. Lux levels were below the recommended level of 361 

500 lux in AWSs and UWSs (48), however, there was no difference in lux between either 362 

workspace.  363 

- Table 2, 3, 4, 5 and 6 to be included here - 364 

 365 

Strengths and Weaknesses  366 

Strengths of our study include a reasonably large sample size for a workplace cohort, use 367 

of standardised and validated questionnaires, and objective measurements of a wide range 368 
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of clinical, biochemical and environmental parameters. A unique strength of this research 369 

is the multi-disciplinary approach undertaken comprising of health, psychological and 370 

social measures. We also had high levels of questionnaire data completeness with less 371 

than one percent missing data for variables.  372 

Our study is not without limitations. There was an over-representation of males, as the 373 

industries comprised mainly of positions generally taken up by males such as engineers, 374 

technicians, and traffic controllers. Attrition is a common issue in workplace studies. 375 

There was a 28% loss to follow-up at one year, mainly due to staff turnover and a lack of 376 

time owing to work commitments or work shifts. Comparable rates of attrition have been 377 

observed in other longitudinal workplace studies in Asia at follow-up periods similar to 378 

our study (49-50). We could not measure biochemical parameters at baseline due to 379 

logistical issues with regard to vendors and equipment. Objective environmental 380 

measurements were made difficult by work disruption and nature of work, thus only 10 381 

minutes of recording was possible on random workdays which may not accurately reflect 382 

the workplace’s environmental parameters. 383 
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Table 1: Health measurements, tools, and data collection time-points. 

Component Measurement tools/questions Baseline 3 months 12 months 

Socio-demographic, lifestyle, medical history and work-related measurements/tools 

Socio-demographic 

characteristics 

Age, gender, ethnicity, occupation, 

nationality, marital status, monthly income 

and housing  

   

Alcohol consumption and 

smoking 

WHO STEPS questionnaire (27)    

Diet Food Frequency Questionnaire (FFQ) 

adapted from the FFQ used in the National 

Population Health Survey, Singapore (24) 

   

Physical activity and 

sedentary behaviour 

Global Physical Activity Questionnaire (28)     

 Steps, distance, calories, heart rate, and sleep 

duration with Fitbit - Charge 2 (Fitbit Inc, 

San Francisco, CA, USA) 

   

Sleep quality Pittsburgh Sleep Quality Index (30)     
Co-morbidities History of high cholesterol, diabetes, stroke, 

coronary heart disease, mental health 

disorders, hypertension, peripheral vascular 

disease, asthma, and allergy  

   

Medication use Regular use of medications and supplements    
Family history Family history of high cholesterol, diabetes, 

coronary heart disease, chronic kidney 

disease and hypertension 

   

Work-related 

characteristics 

Work location (above- or under-ground 

workspace), no. of work hours/day, shift 

work, duration of employment in the current 

company and job type (office, control room 

and workshop) 

   

Health-related quality of 

life 

36-Item Short Form Health Survey (SF-36) 

(36)  
   

Stress Likert scale (4 point) experiencing stress at 

work, at home and financial stress (35) 
   

Psychological distress General Health Questionnaire-12 (GHQ-12) 

(32) 
   

Circadian Rhythm (light 

exposure and locomotor 

activity) 

Mesor, amplitude, acrophase, intracycle 

variability, interdaily stability, and relative 

amplitude (ActiWatch Spectrum Plus) 

   

Chronotype Morningness–Eveningness Questionnaire 

(31) 
   

Sick building syndrome 11-item questionnaire (37)    

Ep
ub

 ah
ea

d 
of
 p
rin

t



2 
 

Anthropometric and clinical measurements/tools 

Weight Seca digital scale (seca 874, Hamburg, 

Germany) 
   

Height Seca stadiometer (seca 217, Hamburg, 

Germany) 
   

Waist and hip 

circumference 

Seca measuring tape    

Blood pressure Digital BP monitor (Dinamap Pro100V2; 

Criticon, Norderstedt, Germany) 
   

Blood tests (pathology) Fasting plasma glucose, lipids and 25-

hydroxyvitamin D 
   

Urine tests (pathology) Melatonin (6-sulphatoxymelatonin (aMT6s))    

Spirometry Forced expiratory volume in one second 

(FEV1) and Forced Vital Capacity (FVC) 

Easy-on PC spirometer (ndd, Zurich, 

Switzerland) 

   

Indoor environmental quality measurements, tools 

Light exposure Lux with AvaSpec Spectrometer 

Dominant wavelength with AvaSpec 

Spectrometer 

   

 Lux with ActiWatch Spectrum Plus    
Self-perceived 

environmental quality 

European project OFFICAIR questionnaire 

covering thermal comfort, variation in 

temperature, air movement, noise, light and  

vibration (37) 

   

Particulate matter  PM
1
, PM

2.5
, PM

4 
and PM

10
 (DustTrak DRX 

Model 8533EP) 
   

Thermal comfort Predicted Percentage Dissatisfied (PPD), 

Predicted Mean Vote (PMV) 

Temperature, humidity and carbon dioxide 

with a thermal comfort meter (Testo 480, 

Lenzkirch, Germany) 

   

 

Bacterial and fungal 

counts 

Single stage microbial viable impactor 

sampling using Surface Air System 
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Table 2: Socio-demographic characteristics of the study cohort at baseline. 

 
Total  

N=464 

Aboveground 

(n=322) 

Underground 

(n=144) 

P-value* 

Age (years), (mean ± SD) 39.0 ± 11.4 38.8 ± 11.4 39.6 ± 11.4 0.494 

Age (years), (n, %)    

0.800 
  21-30 153 (33.0) 109 (71.2) 44 (28.8) 

  31-40 121 (26.1) 84 (69.4) 37 (30.6) 

  >40 190 (41.0) 129 (67.9) 61 (32.1) 

Gender, (n, %)    0.044 

  Male 369 (79.5) 248 (77.0) 121 (85.2) 

  Female 95 (20.5) 74 (23.0) 21 (14.8) 

Ethnicity, (n, %)    0.493 

  Chinese 296 (63.8) 204 (63.4) 92 (64.8) 

  Malays
 

99 (21.3) 73 (22.7) 26 (18.3) 

  Indians 48 (10.3) 33 (10.3) 15 (10.6) 

  Others
1 

21 (4.5) 12 (3.73) 9 (6.3) 

Marital status, (n, %)    0.495 

  Single
2 

184 (39.7) 131 (40.7) 53 (37.3) 

  Married 280 (60.3) 191 (59.3) 89 (62.7) 

Education, (n, %)    0.536 

  Primary and secondary  49 (10.6) 33 (10.3) 16 (11.3) 

  Pre-college  250 (53.8) 179 (55.6) 71 (50.0) 

  College and above 165 (35.6) 110 (34.1) 55 (38.7) 

Monthly income, (n, %)    0.773 

  <S$4000 331 (71.3) 231 (71.7) 100 (70.4) 

  ≥S$4000 133 (28.7) 91 (28.3) 42 (29.6) 
Data are mean ± standard deviation for continuous variables, and n (%) for categorical variables. 

*P-value was derived using Student’s t-test for normally distributed continuous variables and Pearson’s Chi-square test for categorical variables.    
1Includes mixed ethnicities, Indonesians, Pakistanis, and Filipinos.  
2Includes never married, widowed, divorced and separated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ep
ub

 ah
ea

d 
of
 p
rin

t



4 
 

Table 3: Health behaviours, stress, psychological distress, health-related quality of life and chronotype of the 

study cohort at baseline. 

 
Total  

N=464 

Aboveground 

(n=322) 

Underground 

(n=144) 

P-value* 

Smoking status, (n, %)    0.829 

  Never smoked 303 (65.3) 208 (68.6) 95 (31.4) 

  Ex-smoker 48 (10.3) 35 (72.9) 13 (27.1) 

  Current smoker 113 (24.4) 79 (69.9) 34 (30.1) 

No. of cigarettes smoked/day (among current 

smokers), (median, IQR) 

6 (1.4-10) 4.3 (0.5-10) 7.1 (1.4-10) 0.192 

Alcohol drinking, (n, %)    0.382 

  Non-drinker 216 (46.6) 153 (70.8) 63 (29.2) 

  Drinks less than once a month 161 (34.7) 114 (70.8) 47 (29.1) 

  Drinks once or more than once a month 87 (18.8) 55 (63.2) 32 (36.8) 

No. of standard drinks of alcohol/drinking day 

(among alcohol drinkers), (median, IQR) 

2 (1-3) 2 (1-3) 2 (1-3) 0.91 

Physical activity, (n, %)    0.525 

  Low 107 (23.1) 79 (73.8) 28 (26.2) 

  Moderate 200 (43.1) 136 (68) 64 (32) 

  High 157 (33.8) 107 (68.1) 50 (31.9) 

Sedentary time (hours/day), (mean ± SD) 6.7 ± 3.7 6.6 ± 3.7 6.9 ± 3.6 0.466 

Fruit and vegetables servings/day, (median, 

IQR) 

3.6 (2.2-5.6)
 

3.6 (2.2-5.8) 3.6 (2-5.6) 0.506 

PSQI global score, (mean ± SD) 5.5 ± 2.8 5.4 ± 2.8 5.6 ± 2.7 0.574 

Poor sleep quality (PSQI score >5), (n, %) 197 (42.5) 136 (42.2) 61 (43.0) 0.787 

Stress at home in the previous 12 months, 

(n, %) 

   0.272 

  Never experienced stress 175 (37.7) 129 (40.1) 46 (32.4) 

  Some periods of stress 253 (54.5) 168 (52.2) 85 (59.9) 

  Several periods of stress/permanent stress 36 (7.8) 25 (7.8) 11 (7.8) 

Current level of financial stress, (n, %)    0.486 

  None 114 (24.6) 76 (23.6) 38 (26.7) 

  Little 222 (47.8) 160 (49.7) 63 (43.7) 

  Moderate or severe 128 (27.6) 86 (26.7) 42 (59.6) 

GHQ-12 score, (median, IQR) 0 (0-1) 0 (0-1) 0 (0-2) 0.434 

Psychological distress (GHQ-12 score > 1), 

(n, %) 

113(24.4) 76 (23.6) 37 (26.1) 0.570 

Physical component summary score of HRQoL 

scale, (mean ± SD) 

51.6 ± 6.7 51.6 (6.7) 51.6 (6.7) 0.977 

Mental component summary score of HRQoL 

scale, (mean ± SD) 

50.2 ± 7.7 50.5 (7.7) 49.5 (7.8) 0.225 

Chronotype, (n, %)    0.492 

  Morning type 104 (22.4) 77 (23.9) 27 (19.0) 

  Intermediate type 306 (66.0) 209 (64.9) 97 (68.3) 

  Evening type 54 (11.6) 36 (11.1) 18 (12.7) 
Data are mean ± standard deviation (normally distributed) or median (inter-quartile range) (skewed) for continuous variables, and n (%) for categorical variables. 
PSQI, Pittsburgh Sleep Quality Index. GHQ, General Health Questionnaire. HRQoL, health-related quality of life. 

*P-value was derived using Student’s t-test for normally distributed continuous variables, Wilcoxon rank-sum test for non-normally distributed continuous variable 

 and Pearson’s Chi-square test for categorical variables.    
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Table 4: Anthropometric and clinical measurements of the study cohort at baseline. 

 Total  

(n=464) 

Aboveground 

(n=322) 

Underground 

(n=144) 

P-value* 

Weight (kg), (mean ± SD) 72.8 ± 17.2 73 ± 17.5 72.5 ± 16.3 0.771 

Body mass index (kg/m2), (mean ± SD) 25.6 ± 5.2 25.8 ± 5.4 23.3 ± 4.9 0.414 

Body mass index categories, (n, %)     0.666 

  Underweight or normal (<23 kg/m2) 153 (33.0) 101 (31.4) 52 (36.6) 

  Overweight (23.0-24.9 kg/m2) 191 (41.2) 138 (42.9) 53 (37.3) 

  Obesity (≥25.0 kg/m2) 120 (25.9) 83 (25.8) 37 (26.1) 

Waist circumference (cm), (mean ± SD) 85.9 ± 13.3 85.8 ± 13.5 86.2 ± 13.1 0.737 

Hip circumference (cm), (mean ± SD) 99.1 ± 9.6 99 ± 10.1 99.2 ± 8.7 0.839 

Waist-to-hip ratio, (mean ± SD) 0.86 ± 0.07 0.86 ± 0.7 0.87 ± 0.7 0.723 

Central obesity (based on waist circumference), 

(n, %) 

182 (39.2) 125(38.8) 57(40.1) 0.788 

Central obesity (based on waist-to-hip ratio), 

(n, %) 

160 (34.5) 113(35.1) 47(33.1) 0.677 

Data are presented as mean ± standard deviation (normally distributed) or median (inter-quartile range) (skewed) for continuous variables, and n (%) for categorical 

variables.  
*P-value was derived using Student’s t-test for normally distributed continuous variables and Pearson’s Chi-square test for categorical variables.    
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Table 5: Work-related characteristics of the study cohort at baseline. 

 Total  

(n=464) 

Aboveground 

(n=322) 

Underground 

(n=144) 

P-value* 

Years based at work location, (median, IQR) 3.8 (2.3-6.8) 3.3 (2.2-6.5) 4.2 (2.5-8.0) 0.068 

Job type, (n, %)    0.881 

  Control room worker 140 (30.2) 99 (30.8) 41 (28.9) 

  Office worker 225 (48.5) 156 (48.5) 69 (48.6) 

  Workshop worker 99 (21.3) 67 (20.8) 32 (22.5) 

Work hours/day, (mean ± SD) 8.6 ± 1.3 8.4 ± 1.0 9.0 ± 1.7 <0.001 

Shift work, (n, %)    0.193 

  No 298 (64.2) 213 (66.2) 85 (59.9) 

  Yes 166 (35.8) 109 (33.8) 57 (40.1) 

Night shift, (n, %)    0.748 

  No 325 (70.0) 227 (70.5) 98 (69) 

  Yes 139 (30.0) 95 (29.5) 44 (31) 

Average night shifts/month (among night shift 

workers), (mean ± SD) 

8.2 ± 3.7 7.8 ± 3.7 9.1 ± 3.7 0.050 

Work stress in the previous 12 months, (n, %)    0.500 

   Never experienced stress 80 (17.2) 57 (17.7) 23 (16.2) 

   Some periods of stress 279 (60.1) 197 (61.2) 82 (57.8) 

   Several periods of stress or permanent stress 105 (22.6) 68 (21.1) 37 (26.1) 

Sick building syndrome, (n, %) 83 (17.9) 60 (18.6) 23 (16.2) 0.528 
Data are mean ± standard deviation (normally distributed) or median (inter-quartile range) (skewed) for continuous variables, and n (%) for categorical variables. 
*P-value was derived using Student’s t-test for normally distributed continuous variables, Wilcoxon rank-sum test for non-normally distributed continuous variable 

 and Pearson’s Chi-square test for categorical variables.    
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        Table 6: Indoor environmental parameters of the study cohort at baseline. 

 Total  

(n=464) 

Aboveground 

(n=322) 

Underground 

(n=144) 

P-value* 

Objective environmental measures     

  Illuminance (lux)
1
, (mean ± SD) 123.7 ± 75.4 126.5 ± 82.2  116.9 ± 54.6 0.233 

Subjective indoor environment measures     

  Overall comfort, (mean ± SD) 4.9 ± 1.2 4.9 ± 1.1 4.8 ± 1.2 0.559 

  Light overall, (mean ± SD) 4.9 ± 1.2 4.9 ± 1.2 4.8 ± 1.2 0.239 

  Thermal comfort, (mean ± SD) 4.7 ± 1.3 4.6 ± 1.4 4.8 ± 1.3 0.094 

  Noise overall, (mean ± SD) 4.8 ± 1.4 4.8 ± 1.3 4.9 ± 1.4 0.352 

  Air quality overall, (mean ± SD) 4.5 ± 1.3 4.5 ± 1.3 4.4 ± 1.3 0.751 

Detailed subjective indoor environment 

measures 

    

Light     

  Artificial light, (mean ± SD) 5.0 ± 1.2 3.7 ± 1.9  3.1 ± 1.8 0.002 

  Natural light, (mean ± SD) 3.5 ± 1.9 5 ± 1.2 5 ± 1.2 0.903 

  Reflection or glare to no reflection or 

glare, (mean ± SD) 

4.8 ± 1.3 4.7 ± 1.3 4.9 ± 1.3 0.136 

Temperature     

  Temperature varies, (mean ± SD) 5.7 ± 1.7 5.8 ± 1.7 5.6 ± 1.8 0.159 

  Too cold or too hot, (mean ± SD) 5.4 ± 1.7 5.4 ± 1.7 5.4 ± 1.6 0.813 

Air quality     

  Smelly or odourless air, (mean ± SD) 4.6 ± 1.3 4.6 ± 1.2 4.6 ± 1.3 0.966 

  Humid or dry air, (mean ± SD) 5.5 ± 1.6  5.6 ± 1.6 5.4 ± 1.7 0.259 

  Stuffy or fresh air, (mean ± SD) 3.9 ± 1.2 4 ± 1.2 3.7 ± 1.2 0.051 

  Air movement, (mean ± SD) 5.2 ± 1.8 5.3 ± 1.7 5 ± 1.9 0.071 

Noise and vibration     

  Noise from outside the building, (mean 

± SD) 

5.1 ± 1.5 5 ± 1.4 5.2 ± 1.5 0.241 

  Noise from building systems, (mean ± 

SD) 

4.9 ± 1.4  4.8 ± 1.3 4.9 ± 1.4 0.794 

  Noise from sources other than building 

systems, (mean ± SD) 

4.7 ± 1.4 4.6 ± 1.4 4.8 ± 1.4 0.117 

  Vibration, (mean ± SD) 5.1 ± 1.4 5.1 ± 1.4 5.1 ± 1.4 0.709 
Data are presented as mean ± standard deviation for continuous variables. 
*P-value was derived using Student’s t-test for normally distributed continuous variables and Wilcoxon rank-sum test for non-normally distributed continuous 

variables. 
1Measurements taken for 430 participants 
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