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ABSTRACT

Introduction. Offshore and onshore workers have a higher risk of psychological stress related to their job. Stress
reactions vary depending on the type of stressor, the duration or severity of the stressor, their genetics, their coping
styles, and their nutrition. Tryptophan is an essential amino acid precursor of serotonin and melatonin, which have
an antidepressant effect and roles in stress perception and management. This study assessed the correlation of daily
tryptophan intake and occupational factors with stress outcome scores based on the Indonesian Short Version New
Brief Job Stress Questionnaire (SV-NBJSQ) among offshore and onshore workers.

Methods. A cross-sectional study was conducted on 14 offshore workers and 20 onshore workers. Interviews and
questionnaires were conducted to obtain demographic data, dietary intake, occupational factors, and stress outcome
scores. Tryptophan daily intake was measured through a single 24-hour dietary recall and a one-day-weighted food
record. Data of average daily intake for two days were analyzed using the NutriSurvey software based on the food
composition table from The United States Department of Agriculture National Nutrient Database for calculating
tryptophan intake.

Results. The median (min-max) tryptophan daily intake of offshore workers was 5.5 (1.9-9.9) mg/kg, and 4.5 (1.4-7.5)
mg/kg among onshore workers. There was no difference in tryptophan daily intake between offshore and onshore
workers (p = 0.064). There was no significant difference between occupational factors except for the shorter tenure
of offshore workers (12.5 vs 3, p < 0.001). There was no significant correlation between tryptophan daily intake
and each of the stress outcome scores. There was a significant correlation between occupational factors and stress
outcome scores among offshore and onshore workers, specifically between workload and fatigue (r = 0.35, p =0.04),
workload and depression (r = 0.4, p = 0.02), interpersonal conflict and anxiety (r = 0.47, p = 0.005), role conflict and
anxiety (r = 0.47, p = 0.005), as well as between tenure and physical reaction stress (r = -0.42, p = 0.02).

Conclusion. Adequate tryptophan daily intake and high stress outcome scores among offshore and onshore oil
and gas workers are observed in this study, and no correlation was found between the two. Similar food sources,
homogeneous occupational stressors, the selection bias of the “healthy worker effect” or other factors that were not
studied may influence the findings. There is a correlation between occupational factors and stress outcome scores,
namely workload and fatigue, workload and depression, interpersonal conflict and anxiety, role conflict and anxiety,
and tenure and stress physical reactions.
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INTRODUCTION

Oil and gas industry workers, especially field workers
offshore or onshore, are at risk of stress due to job demands
and safety risks.™? Stress can induce reactions in the form of
physical and psychological symptoms. Physical symptoms
can be musculoskeletal disorders, exhaustion, chronic fatigue
syndrome, and hypertension. Psychological reactions can be
in the form of changes in vigor, irritability, insomnia, tension,
anxiety, and depression.”* Based on research at oil and gas
companies in the Middle East, it was found that 15% of
workers reported symptoms of anxiety and 18% of workers
reported symptoms of depression.’” About 95% of workers
feel stress due to work at moderate to heavy levels.® Work
stress has a large impact on productivity and the economy.
In Europe, the estimated cost of work-related depression is
€617 billion per year, which includes costs to employers due
to absenteeism and presenteeism, lost productivity, health
care costs, and social disability payments.”

Psychosocial hazards such as overload, underload, long
working hours, and work relationships can cause stress
among workers. Work location adds to this issue (including
traveling to the location, being away from home, and having
to stay on-platform).51% Stress arises when workers feel the
job demands are heavier than their abilities.!! Differences
in stress reactions among workers can be caused by the type
of stressor, the duration or severity of the stressor, genetics,
individual coping styles, and individual nutrition.'*™*

Nutritional intake plays a role in individual stress
management; one of the most important nutrients is trypto-
phan.” This essential amino acid is a large neutral amino
acid (LNAA) that plays a role in affecting mental status.’®
Tryptophan is a precursor to the neurotransmitter serotonin
and the hormone melatonin,* which improve mood, anxiety,
depression, and increase sleep efficiency. Low brain serotonin
levels are associated with decreased memory and decreased
mood.” Melatonin as the end-product of tryptophan
is important in the regulation of the circadian rhythm,
disruption of which is implicated in affective and mood
disorders.'® The daily requirement of tryptophan for an adult
is 4 mg/kg body weight (WHO recommendation);'? Subjects
with higher tryptophan intake (> 10 mg/kg of body weight
per day) achieved higher positive mood scores, improvement
in anxiety, depression, and irritability (compared to those
receiving tryptophan intake < 5mg/kg body weight per day).?

Typically, upstream oil and gas workers in remote areas,
both offshore and onshore, are served meals by company
catering. Their daily diet has been estimated to be nutritionally
adequate and the quality of the food is guaranteed. However,
the amount of their daily tryptophan intake is unknown. It
would be interesting to know whether tryptophan levels from
the daily intake of offshore and onshore workers are related
to their stress outcomes.

The Indonesian short version new brief job stress
questionnaire (SV-NBJSQ) measures job stressors and stress

outcomes (including stress reactions).?’ In this study, job
stressors such as workload, interpersonal conflict, and role
conflict are grouped as occupational factors that can affect
stress outcomes.

The objective of this study was to determine the
correlation between the level of tryptophan daily intake and
occupational factors with stress outcome scores based on the
Indonesian version of the SV-NBJSQ_among offshore and

onshore workers.
METHODS

'This study included as a part of the baseline phase of an
experimental study from the Southeast Asian Ministers of
Education Organization (SEAMEO) Regional Center for
Food and Nutrition titled “Intervention Strategies to Improve
Nutrition and Health of Oil and Gas Worker through Diet
Optimization using Linear Programming Approach”.

A cross-sectional study was conducted among workers
at two oil and gas companies located in East Kalimantan
province, Indonesia. Site A is an offshore gas production
installation located in the Makassar Strait. Site B is an
onshore oil and gas production located beside the Mahakam
River, Samarinda. East Kalimantan province was selected
because it has a high number of oil and gas production sites.
Each company's participation was voluntary, based on the
recommendation from the Special Task Force for Upstream
Oil and Gas Business Activities Republic of Indonesia.

Participants were recruited through the company’s health
clinic. The inclusion criteria were:

*  male workers age 22 — 54 years and
*  have been working at the company for at least a year.

This is because most of the workforce are males in their
productive age (between 22 years and 54 years).”? In one year
of work, workers would have experienced all of the company’s
work and health control programs. Workers who were taking
mood stabilizers or antidepressants were excluded.

This study protocol was approved by the Research
Ethical Committee at the Faculty of Medicine Universitas
Indonesia and Dr. Cipto Mangunkusumo General Hospital
(FKUI-RSCM), stated by letter number 182/UN2.F1/
ETIK/ PPM.00.02/2020. All participants signed the written
informed consent. Data were collected in March 2020. Data
collection was carried out by four trained enumerators from
March 09, 2020, to March 14, 2020, at the offshore site and
from March 16,2020, to March 18,2020, at the onshore site.

Respondents’ Demographic

Participants answered demographic information (such as
age in years, site/unit employed, and education level), smoking
habits, and disease history. Examples of sites employed are
general maintenance, Health Safety Environment (HSE),
production, etc. The level of education was categorized as
high school, undergraduate or post-graduate. Participants
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were categorized according to Brinkman Index into non-
smoker, light smoker (Brinkman index < 200), moderate
(Brinkman index 201-600), or heavy smoker (Brinkman
index > 600). Body weight was measured using a SECA 878
digital weighing scale that was calibrated to an accuracy of
0.1 kg. Participants’body weight was used as the denominator
for total tryptophan intake.

Tryptophan daily intake

Dietary intake was collected using a single 24-hour
dietary recall and one-day-weighted food record (WFR).
'The 24-hour dietary recall was done on the first day using
a multiple-pass approach. Portion sizes are estimated using
food photograph books. The weighted food record was
conducted on the second day, by measuring the participants’
food and beverage consumption (including leftovers) on a
digital scale at the company restaurant. Food preparation was
documented in the company kitchen in cooperation with the
head chef and/or nutritionist.

'The NutriSurvey software was used to analyze data based
on the tryptophan food composition table (FCT) from the
United States Department of Agriculture (USDA) National
Nutrient Database.”® Tryptophan daily intake was expressed
in mg/kg body weight and is compared against the World
Health Organization recommendation (4 mg/kg body
weight).

Occupational factors

The Indonesian Short Version New Brief Job Stress
Questionnaire (SV-NBJSQ) recorded occupational factors,
including tenure (in years), workload, interpersonal conflict,
and role conflict. This SV-NBJSQ_ was translated from
Japanese into Indonesian and validated as a job stress
screening tool in a previous study. Items were ranked from
one to four, with a higher number indicating a better status.
Enumerators supervised participants while observing their
dispositions.

Stress outcome scores

Stress outcome scores were also measured by the SV-
NBJSQ; these include fatigue, anxiety, depression, and stress
physical reactions. Items were ranked from one to four, with a
higher number indicating the best status.

SPSS software, version 20 was used to analyse the data.
Data normality was tested using the Shapiro-Wilk test.
Comparison between work location (offshore vs onshore) was
conducted for characteristics data, using the Mann-Whitney
test for continuous variables (age, tenure, tryptophan daily
intake, workload, interpersonal conflict, role conflict, fatigue,
anxiety, depression, and stress physical reactions) or Fisher’s
exact test for categorical variables (work division, level of
education and smoking habit). The association between
independent variables and dependent variables was assessed
using the Spearman correlation test for variables with
continuous data and the Kruskal Wallis test for categorical
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Figure 1. Study enrolment flow chart.

variables. If the p-value was < 0.05, a post hoc test was used
to identify which subgroups have a relationship with the
dependent variable. Two-tailed statistical test results with
P-values < 0.05 were considered statistically significant.

RESULTS

Thirty-four participants (14 offshore, and 20 onshore
workers) completed the Indonesian version SV-NBJSQ,
basic questionnaire, dietary assessment, and anthropometric
measurement. Among 104 eligible workers, 52 were not on
shift at the time of the researchers’visit, 17 workers had been
on site for less than seven days, and 1 respondent did not fill
out the questionnaire (Figure 1). Data collection had to be
stopped due to social restrictions related to the COVID-19
outbreak before the minimal sample size of 100 workers
was obtained. Despite this, thirty or more samples can be
analyzed for statistical significance.

All respondents are married and work 12-hour shifts on
14 consecutive days. Offshore workers had significantly fewer
tenure or years of service than onshore workers (P < 0.001).
There was no other difference in characteristics between
offshore and onshore workers (Table 1).

All workers rated scores 2 2.25 for anxiety and depression;
some workers scored < 2.25 for fatigue and stress physical
reaction (Table 2). There was no significant difference between
the stress outcomes scores of offshore and onshore workers.
Overall, almost all workers had good mental health status.
The worst stress outcome score in this study was fatigue.

There was no association between workers’ demographics
and stress outcome scores (Table 3).

There was no significant association between workers’
tryptophan daily intake and stress outcome scores (Table 4).

Tenure has a negative correlation with stress physical
reaction (r = -0.42) (Table 5). Workload and fatigue have a
weak Spearman correlation value (r = 0.35). There is a mode-
rate positive correlation between workload and depression
scores (r = 0.40), interpersonal conflict and anxiety (r = 0.47),
and role conflict and anxiety (r = 0.47).
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Table 1. Comparison of the workers’ demographics, tryptophan daily intake, and occupational factors based on the work location

Category/Distribution Offshore (n = 14) Onshore (n = 20) Total (n = 34) P value

Demographic

Education (n) High school 3 7 10 0.50*
Undergraduate 8 11 19
Postgraduate 3 2 5
Department (n) General maintenance 2 3 5 0.10*
HSE 1 7 8
Production 9 5 14
Others 2 5 7
Smoking habit (n) Non-smoker 7 13 20 0.67*
Light smoker 5 6 11
Moderate smoker 2 1 3
Age (years) Median (min-max) 41.8 (30-47) 38.9 (31-47) 39.2 (30-47) 0.68"
Tryptophan daily intake (mg/kg) Median (min-max) 5.5(1.9-9.9) 4.5(1.4-7.5) 4.8(1.4-9.9) 0.06"
Occupational factors
Tenure (years) Median (min-max) 3(1-6) 12.5(1-20) 7.5 (1-20) <0.0011
Workload Median (min-max) 2.0(1.5-4) 2.5(2-4) 2.5(1.5-4) 0.14f
Interpersonal conflict Median (min-max) 3.5(2-4) 3.7 (2.3-4) 3.7 (2-4) 0.641
Role conflict Median (min-max) 3.0(1-4) 3.0(1-4) 3.0(1-4) 0.191
*Fisher exact test; TMann-Whitney U test
Table 2. Comparison of the stress outcomes scores between offshore and onshore workers
Distribution Offshore (n = 14) Onshore (n = 20) Total (n = 34) P value
Fatigue Median (min-max) 3.3(2.7-4) 3.3(2-4) 3.3(2-4) 0.38*
Anxiety Median (min-max) 3.2(3-4) 3.3(3-4) 3.3(3-4) 0.27*
Depression Median (min-max) 3.8 (3-4) 3.8(3-4) 3.8 (3-4) 0.63*
Stress physical reactions Median (min-max) 3.6 (3.3-4) 3.5(1.2-4) 3.5(1.2-4) 0.12*

*Mann-Whitney U test

Table 3. Association between workers’ demographics and stress outcomes scores

Anxiety Depression Stress physical reactions
Median Median Median p

Work location 0.38* 0.27* 0.63* 0.12*
Onshore (20) 3.3(2-4) 3.3(3-4) 3.8 (3-4) 3.5(1.2-4)

Offshore (14) 3.3(2.7-4) 3.2 (3-4) 3.8 (3-4) 3.6 (3.3-4)

Education 0.371 0.82t 0.53t 0.27t
High school (10) 3.3(2.7-3.7) 3.3(3-4) 3.8(3.5-4) 3.5(2.7-4)
Undergraduate (19) 3.3(3-4) 3.3(3-4) 3.7(3-4) 3.6 (1.2-4)
Postgraduate (5) 3.3(2-3.7) 3(3-4) 3.8(3.2-4) 3.5(3.5-3.9)

Work division 0.22f 0.74f 0.33f 0.15°f
General maintenance (5) 3.3(3-3.7) 3.7 (3-4) 3.8 (3-4) 3.4(3.3-3.6)

HSE (8) 3.5(3-4) 3.3(3-4) 3.6 (3-4) 3.5(3.44)
Production (14) 3.3(2.7-4) 3.3(3-4) 3.8(3.5-4) 3.6(2.7-4)
Others (7) 3.3(2-4) 3.0(3-4) 3.7 (3-4) 3.6 (1.2-4)

Smoking habit 0.621t 0.312t 0.079t 0.222t
Non-smoker (20) 3.3(3-4) 3.3(3-4) 3.7 (3-4) 3.5(2.9-4)

Light smoker (11) 3.7 (2-4) 3.7 (3-4) 3.8(3.2-4) 3.6 (2.7 -4)
Moderate smoker (3) 3.3(3-3.7) 3(3-3.3) 3.7 (3-3.7) 3.8(1.2-3.8)
r [ r p r [ r [

Age (years) 0.23 0.08# 0.23 0.19% 0.03 0.88% -0.04 0.82*

*Mann-Whitney U test; 'Kruskal-Wallis test; *Spearman correlation
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Table 4. Correlation between workers’ tryptophan daily intake and stress outcome scores

Anxiety

Depression

Stress physical reactions

Tryptophan daily intake (mg/kg) -0.12 0.49* 0.02

(4 r (4 r p
0.89* -0.08 0.65* -0.05 0.77*

*Spearman correlation

Table 5. Correlation between workers’ occupational factors with stress outcome scores

Anxiety Depression Stress physical reactions
p r p r p
Tenure (years) 0.11 0.53* 0.14 0.44* 0.16 0.38* -0.42f 0.02*
Workload 0.35t 0.04* 0.31 0.08* 0.40t 0.02* -0.04 0.84*
Interpersonal conflict 0.12 0.51* 0.47t 0.01* 0.32 0.07* -0.05 0.78*
Role conflict 0.17 0.34* 0.47t 0.01* 0.25 0.16* -0.09 0.63*

*Spearman correlation; *Statistically significant with p < 0.05

DISCUSSION

No correlation between tryptophan daily intake and stress
outcome scores was found in this study. Occupational factors
(tenure, workload, interpersonal conflict, and role conflict)
were related to stress outcome scores (fatigue, depression,
anxiety, and stress physical reaction). Worker demographics
were not associated with stress outcome scores.

Almost all respondents had good physical and mental
health status; we cannot, however, conclude that offshore and
onshore workers are free from work-related stress. Selection
bias may influence our findings since workers have passed
physical and mental health checks,?* and have full autonomy
in their choice of workplace.?

The participants’ tryptophan daily intake exceeds the
WHO recommended value.”” Despite this, no significant
correlation was found between tryptophan daily intake and
stress outcome scores. This may be due to the small sample size
or several confounding factors, such as similar food sources,
differences in tryptophan absorption, genetics, and individual
coping style.”*'* Other large neutral amino acids (LNAA)
not measured (such as tyrosine, phenylalanine, leucine, iso-
leucine, and valine) may affect tryptophan absorption at the
blood-brain barrier through competition.®

Tryptophan’s role in improving low mood, depression, and
anxiety is evident in a hypo-serotonergic state (such as dep-
ression or stress). In healthy normo-serotonergic subjects, it
has no effect or a negative effect.””?® The serotonergic system’s
sensitivity is likewise affected by genetic, environmental,
and psychological factors.’® In this study, the initial condition
of the respondent's serotonergic system was not known.

Like other studies, we found that workload is the main
stressor for oil and gas workers.?>** More than half stated that
the work was hard, even though they were able to complete
the task within the allotted time. Workload is found to be
weakly associated with fatigue among workers, similarly to
rail industry workers.?® Workload is related to the number
of jobs held. The perceived workload of the worker can

be conceptualized in different ways, such as the amount
or difficulty of work, stamina, ability, or the time a person
completes a job.*

Workload is also moderately correlated to depression,
similar to other studies.®** Workers in the oil and gas
industry have difficult work conditions and stressful working
schedules.*® Long work hours, safety hazards (including
fire, explosion, blow-out), and accidents (associated with
helicopter transport and drilling operations) worsen the
workload for oil and gas workers.* Workload that exceeds the
individual’s coping abilities may lead to symptoms of fatigue,
difficulty sleeping, poor concentration, and depression.*®

Interpersonal conflict is moderately correlated with
anxiety, up to 2.26 times in other studies.’” It can manifest
as hostility, jealousy, poor communication, or low morale,*
produce negative emotions such as depression, frustration,
low self-esteem, anxiety, and can lead to anger or violence in
the workplace.®

Role conflict has a moderately significant correlation
with anxiety (r = 0.43).* 'This is caused by inconsistent
communication or discrepant tasks; the fulfillment of one
task will hinder the completion of another.*! Role conflict can
cause stress when the task is given by someone in authority,
or when task accomplishment is important to the worker.*

Increasing tenure was associated with worse stress
physical reactions and mental health.** It is theorized that
symptoms of stress develop in persons who are overloaded
with work and are exposed to interpersonal conflicts for
longer.*

'This study has several limitations. First, this study has a
small sample size and lacks power, which could be improved
on by larger future studies. Second, participation of oil and
gas companies was specially requested, not randomly selected.
'Third, the tryptophan composition used was borrowed from
US data, which may differ from the nutritional content of
foodstuffs in Indonesia. Intake of other LNAAs was also
not measured, thus we could not calculate the Tryptophan/
LNAA ratio. Future studies may consider other amino acids
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such as tyrosine, phenylalanine, leucine, isoleucine, and valine.
Lastly, a cross-sectional study is a single snapshot and cannot
measure the correlation between tryptophan intake and stress
response over time.

CONCLUSION

Although offshore and onshore oil and gas workers have
adequate tryptophan daily intake and high stress outcome
scores, these two were not correlated. There was no difference
between offshore and onshore workers. Similar food sources,
homogeneous job stressors, and the “healthy worker effect”
selection bias may influence the findings in this study.
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