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OPEN A healthy lifestyle education

intervention for metabolic
syndrome risk reduction among
office workers in Ethiopia: a single-
blind, randomised controlled trial
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The increasing prevalence of metabolic syndrome among office workers in Ethiopia underscores

the urgent need for tailored health interventions. This study aimed to implement a healthy lifestyle
education intervention designed to reduce the prevalence of metabolic syndrome and evaluate
changes in participants’ knowledge and attitudes regarding metabolic syndrome, cardiovascular
diseases, and risk factors, as well as improvements in healthy lifestyle practices. This 9-month
institution-based, single-masked, cluster-randomised controlled trial was conducted among bank
employees in Bahir Dar. A total of 226 participants were screened based on waist circumference

and blood pressure. The intervention was a personalised educational program focused on lifestyle
modifications, delivered by health promotion experts, while the control group received general health
advice based on the guidelines on clinical and programmatic management of major NCDs. Outcomes
were assessed at baseline and after 9 months, with 207 participants included in the final analysis using
an intention-to-treat approach, and generalised estimating equations to assess the intervention’s
effect between groups. The intervention group exhibited significant improvements, with decreases

in waist circumference (5.33 cm), systolic blood pressure (6.96 mmHg), diastolic blood pressure

(4-21 mmHg), total cholesterol (34.12 mg/dL), and low- density lipoprotein cholesterol (20-68 mg/dl)
(all p<0.0001). Knowledge scores increased by 7.29 points, fruit intake rose from 0.74 to 1.21 portions,
and vegetable intake grew from 1.10 to 1.77 portions. Participation in moderate exercise rose from
29.52% to 53.33%. In contrast, the control group showed modest improvements in some components
of metabolic syndrome risk factors. However, there were no significant changes in triglycerides, fasting
blood glucose, and stress management, while high density lipoprotein cholesterol levels unfavorably
declined in both groups. This study highlighted the impact of a tailored workplace-based healthy
lifestyle education intervention on lifestyle behaviors and metabolic syndrome risk factors. The
intervention led to positive changes in several behaviors and reduced some risk factors. However, it did
not significantly improve triglyceride and fasting blood glucose levels, and there was an unexpected
decrease in high density lipoprotein cholesterol. This unexpected decrease of high-density lipoprotein
cholesterol may result from lifestyle shifts, including reduced fatty diet intake and rapid weight loss,
and other metabolic adaptation process. Future research should focus on targeted strategies and long-
term interventions to address these unexpected outcomes.

Trial registration: ACTRN12623000409673p, registered April 24, 2023 and is completed.
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The global prevalence of non-communicable diseases (NCDs) has been swift, with 43 million deaths in 2021,
accounting for 75% of all non-pandemic fatalities. Among these, 18 million deaths were in individuals under
70, with 82% occurring in low- and middle-income countries (LMICs), which represent 73% of all NCD-related
deaths'.

A major driver of this trend is metabolic syndrome, characterised by obesity, high blood glucose, dyslipidemia,
and hypertension?. It increases the risk of cardiovascular diseases by 2.5 times and the likelihood of developing
type 2 diabetes by fivefold®. The syndrome is a significant health threat, affecting over one billion people globally?,
primarily due to poor diet, physical inactivity, tobacco use, and excessive alcohol consumption®. Transitions
from traditional to Western lifestyles in LMICs are increasing risk factors and escalating metabolic syndrome®.
This trend places a double burden on LMICs, as these countries are concurrently addressing the challenges
associated with infectious diseases”.

Furthermore, rapid urbanisation exacerbates the issue by encouraging a shift from physically demanding
agricultural jobs to sedentary, high-stress office work®3. The shift from physically demanding jobs to sedentary
office work has significantly raised the risk of metabolic syndrome®. Among office workers, prevalence rates are
troubling, ranging from 20% to over 30%!%-12 In Ethiopia, the prevalence rates among office workers are 27-6%
and 16-7%, using the International Diabetic Federation (IDF) and National Cholesterol Education Program
(NCEP) criteria, respectively'?.

Individuals’ knowledge, attitudes about metabolic syndrome, cardiovascular diseases, and risk factors, as well
as their practices related to healthy lifestyles, are also influential factors in developing metabolic syndrome!“.

A workplace health intervention among office workers presents a promising approach to fostering healthier
behaviours and improving overall well-being!®.

Most workplace-based health interventions have been conducted in middle- and high-income countries,
with limited assessment of their effects on knowledge, attitudes toward metabolic syndrome, cardiovascular
diseases, and risk factors, as well as practices related to healthy lifestyles. Although the government of Ethiopia
has endorsed policies, strategies, and guidelines to prevent and control NCDs!®, evidence on the effectiveness
workplace lifestyle education intervention in Ethiopia is scarce, highlighting the need for context-specific
research on reducing metabolic syndrome risk factors and improving knowledge and attitudes about metabolic
syndrome, cardiovascular diseases, and risk factors, as well as practices related to healthy lifestyles.

The objectives of this study are: (1) to develop and test the effectiveness of a healthy lifestyle intervention
in reducing metabolic syndrome risk factors among office workers in Ethiopia. (2) to evaluate and compare
knowledge and attitudes regarding metabolic syndrome, cardiovascular disease, and risk factors, as well as
practices related to healthy lifestyles before and after the intervention and between the control and intervention
groups among office workers in Ethiopia.

The findings will aid policymakers in enhancing management strategies and serve as a resource for
stakeholders addressing metabolic syndrome while also providing a reference for future studies and effective
interventions for at-risk populations.

Method

Study design

This institution-based cluster randomised controlled trial aimed to develop and test the effectiveness of a
healthy lifestyle intervention to reduce the prevalence of metabolic syndrome, enhance knowledge and positive
attitudes regarding metabolic syndrome, cardiovascular disease, and risk factors, as well as promote the practice
of healthy lifestyles. The study took place in Bahir Dar, Ethiopia, located 565 km northwest of Addis Ababa.
Bahir Dar serves as the capital of the Amhara region, housing 210 bank branches that employ 2,310 workers.
The trial was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12623000409673p).
This study was conducted following the Declaration of Helsinki. Ethical approval was granted by the Australian
National University Human Ethics Committee (2022/845) and Bahir Dar University Institutional Review Board
(792/2023). Detailed trial protocol is published elsewhere!?, and findings are presented following CONSORT
2025 Statement: guideline for reporting randomised trials'8. We selected this checklist because it is specifically
designed for randomised controlled trials, promoting clear and transparent reporting of methods and findings.
By ensuring comprehensive coverage of essential trial aspects, it reduces the risk of incomplete or biased
information, ultimately enhancing research quality (Supplementary file 1).

Changes to the protocol

The study design shifted from a parallel randomised controlled trial to a cluster randomised format due to
a typographical error in the protocol. Knowledge, attitudes, stress levels, and fruit and vegetable portion
consumption were reclassified as primary continuous outcomes to better capture mean changes attributable to
the intervention. This adjustment emphasises the importance of these factors in influencing metabolic disease
risk and driving meaningful behavioural change.

Participants

The participants were both private and government banks in Bahir Dar City, Ethiopia. Previous research indicates
that this group is at high risk for metabolic syndrome and cardiovascular disease!®-2!. Between September 29,
2023, and January 1, 2024, 226 participants were screened, enrolled, and assigned to groups based on their
workplace through a systematic recruitment process. Recruitment involved sending official letters from the local
health department office of the Ministry of Health within the city administration to district bank headquarters
and communicating with branch managers. Potential participants were approached in person and informed
about the study’s objectives, criteria, benefits, risks, and ethical considerations to ensure that they made informed
decisions. Before data collection, written informed consent was obtained from each participant, confirming their

Scientific Reports |

(2025) 15:39266 | https://doi.org/10.1038/541598-025-22962-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

voluntary participation and understanding of the study. Participants were screened for obesity and high blood
pressure by measuring waist circumference and blood pressure at their workplace by a trained BSc nurse under
the supervision of the principal investigator. Those with a waist circumference over 102 cm for men or 88 cm for
women and/or blood pressure readings of 130/85 mmHg or higher were eligible. However, potential participants
were excluded if they had dietary restrictions, contraindications to physical activity due to musculoskeletal,
neurological, vascular, pulmonary, or cardiac conditions, were pregnant or planning to become pregnant, had
severe psychiatric disorders, significant cognitive impairments, or were unable to commit to the entire program.
Gender data were collected through a self-report questionnaire.

Patient and public involvement
There was no involvement of patients or the public in the planning, development, or implementation of this
intervention.

Randomisation and masking

Bahir Dar city is divided into two distinct geographical clusters by the Abay River. All banks in one area were
assigned as control settings through a random selection process using a coin-tossing method conducted by the
principal investigator, while banks in the other area were assigned as intervention sites. Each participant was
subsequently screened according to predefined inclusion and exclusion criteria until the target sample size was
reached. Due to the nature of the intervention, it was not feasible to blind participants to the intervention itself;
however, they remained unaware of their group assignment. The nurses responsible for data collection and the
laboratory personnel, and intervention provider were blinded to the group allocation.

Procedures

Development of the intervention

This intervention was developed with the collaboration of expertise in nutrition, social psychology and sport
sciences, and grounded in the theoretical frameworks of the Health Belief Model (HBM) which encompasses
essential components such as perceived susceptibility (the belief regarding the likelihood of experiencing a
risk or developing a condition), perceived severity (the belief about the seriousness of a condition and its
potential consequences), perceived benefits (the belief in the effectiveness of recommended actions to reduce
risk or severity), perceived barriers (the tangible and psychological costs associated with these actions), cues
to action (strategies designed to activate readiness for change), and self-efficacy (the confidence in one’s ability
to take action)??, and Social Cognitive Theory (SCT) which encompasses key constructs, including reciprocal
determinism (the dynamic interaction among an individual’s behaviour, their environment, and personal
factors), behavioural capability (the knowledge and skills necessary to perform specific behaviours), expectations
(beliefs about the outcomes of behaviour change), reinforcements (the consequences that affect the likelihood of
behaviour repetition), and self-efficacy (the belief in oné’s ability to successfully perform a specific behaviour)?
(Fig. 1).

Intervention.

For intervention group

The intervention was a one-on-one education program addressing metabolic syndrome, its risk factors, and
prevention strategies, focusing on lifestyle changes such as healthy eating, exercise, alcohol consumption, quitting
smoking, and stress management. Delivered by three health promotion experts, the sessions lasted 1:45 to 2 h,
one -to-one intervention was ran from September 29, 2023, to January 1, 2024. A printed PowerPoint developed
with input from the experts were also given. Text messages were sent biweekly to reinforce key concepts and
encouraged to record their activities using a provided template and invited to ask questions and seek advice
for 9 months. The principal investigator held review meetings at the 3rd and 6th months to revisit key points
and address any concerns. Feasibility and acceptability data for the intervention were assessed at the 6-month
mark. Additionally, data about fidelity and contextual factors influencing the intervention’s implementation were
assessed during each review meeting and at the conclusion of the intervention.

For the control group

A BSc nurse provided individual general health advice following national guidelines for non-pharmacological
management of each component of metabolic syndrome?*. At the end of the study, control group participants
were also given the full educational package.

Outcomes
Central obesity: defined as a waist circumference (WC) > 102 cm in men and > 88 cm in women?®. Blood pressure
(BP): defined as BP>130/85 mmHg?>?. Biochemical markers: Fasting blood glucose (FBG) =110 mg/dl, total
cholesterol (T. Chol) >200 mg/dl, high-density lipoprotein cholesterol (HDL-c) <40 mg/dl in men and <50 mg/
dl in women, low-density lipoprotein-cholesterol (LDL-c)>100 mg/dl, and triglycerides (TGL) > 150 mg/d1*,
as well as knowledge, and attitudes towards metabolic syndrome, cardiovascular disease and risk factors and
practice of healthy lifestyles. The outcomes were measured at three time points: at baseline, the 6th month, and
9th months after the intervention. However, this discussion will focus only on the data collected at baseline and
9th months after the intervention. The data gathered during the 6th month, which pertained to the feasibility
and acceptability of the intervention, are under review elsewhere.

At baseline, socio-demographic data (Age, sex, marital status, educational status, work experience, working
hours per day, monthly income, religion, and background health conditions) were measured using questionnaires.
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Perceived Susceptibility:

Educated participants about their risk
factors for metabolic syndrome and
enhanced their understanding of
personal vulnerability.

Perceived Severity:

Discussions highlighted the serious
health risks associated with metabolic

syndrome and the importance of

preventive measures.

Reciprocal Determinism:

Personal health beliefs influence alcohol consumption.
Setting a quit date relies on motivation and social support.
Acceptance of change is shaped by resilience and support.
Relaxation techniques are based on personal preferences

and encouragement.

Perceived Benefits:
Reduced risk factors for metabolic

Perceived

threats of

metabolic

syndrome Improved healthy behaviours
and  reduced metabolic

Behavioural Capability:
Educated on specific techniques to

reduce alcohol, quit smoking and

manage stress.

Expectations:
The health risks of unhealthy lifestyles,

along with the benefits of healthy
lifestyles, were clearly outlined to create
positive expectations that reinforce

commitment to change.

syndrome

Improved health outcomes
enhanced quality of life were

communicated.

syndrome risk factors :
Reinforcements:

and Social support from friends and

family when quitting smoking

Self-Efficacy:

Expert education to boost confidence in lifestyle changes.

Perceived Barriers:

The intervention identified barriers to
lifestyle changes, such as cultural, time, and
resource constraints and it provided
practical such as culturally
relevant dietary guidelines and integrating

physical activity into daily routines.

Cues to Action: Reinforce the ability to choose not to drink for health

Biweekly-reminder text messages reasons.
Education prompting healthy Encourage setting a quit date and removing tobacco

lifestyles products.
Encourage announcing quitting plans to family and friends

for support.

Promote acceptance of uncontrollable changes to foster

resilience.

Fig. 1. A comprehensive framework incorporating the health belief model and social cognitive theory.

At baseline and the 9th month, WC: was measured using a tape measure at the midpoint between the lower
margin of the last palpable rib and the top of the iliac crest, or the maximum abdominal extension.

BP: was assessed by taking three measurements with an appropriately sized sphygmomanometer. The first
measurement was conducted after a 5-min rest, with subsequent measurements spaced 5 min apart. The mean
systolic and diastolic BP values were used for interpretation.

Biochemical markers: In the early morning after a night of fasting, 5 mL venous blood samples were collected
from each participant following strict sanitation protocols. A laboratory technologist transported the samples
to the hospital, where serum was separated to assess key metabolic parameters, including FBG, T. Chol, HDL-c,
and TGL. LDL-c levels were calculated indirectly. Baseline analysis was conducted at Bahir Dar University
Teaching Hospital, and the end-line data analysis occurred at Gamby Teaching Hospital due to a lack of reagents
at Bahir Dar University Teaching Hospital during that period.

Knowledge and attitude: Knowledge and attitudes regarding metabolic syndrome, cardiovascular disease, and
risk factors were assessed using a validated 43-item questionnaire, originally developed and tested in India*’, with
minor modifications to include specific questions about metabolic syndrome and its risk factors. Knowledge was
assessed using 36 questions, with a maximum score of 36 points. Responses were scored as 1 for correct answers
and 0 for incorrect answers. Attitude was evaluated using a 5-point Likert scale across 13 questions, yielding
a maximum score of 65. Practice: Dietary habits, alcohol consumption, smoking, and physical activity were
assessed with a short-form food frequency questionnaire?®. For the analysis, dietary and alcohol consumption
patterns were categorised into distinct classifications. Dietary patterns were deemed “regular” if participants
reported consumption of specific items 4-6 times per week or more, while those reporting consumption less 4-6
times per week were classified as “irregular”. Alcohol consumption was divided into two categories: “less than 14
units per week” and “more than 14 units per week”. Stress were measured using the Perceived Stress Scale?’. The
data were collected by a trained BSc nurse and laboratory technologists.

Statistical analyses

The total sample size was 226 participants, divided equally into two groups of 113. This was determined using
a sample size calculation for trials with continuous outcomes*®. Data were entered twice into Epidata 3.1 and
exported to STATA 17 for cleaning and analysis. After excluding nineteen participants (8 from the intervention
group and 11 from the control group) due to loss to follow-up, a final sample of 207 participants was retained
(105 in the intervention group and 102 in the control group). Descriptive statistics were used to evaluate the
baseline characteristics of both groups. To assess baseline differences, we employed the T-test for continuous
variables and the Chi-square test for categorical variables.
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To determine differences in continuous variables, paired t-tests were employed for before-and-after
comparisons. Unpaired t-tests were used to compare differences between the intervention and control groups,
assuming equal variances. Wilcoxon Signed-Rank and Rank-Sum tests were used as alternatives. Normality and
homogeneity of variances were assessed with Q-Q plots and Levene’s Test. Proportion tests were used to compare
differences between the baseline and end-line, as well as between the intervention and control groups at the end-
line, for categorical outcomes.

The change in the difference in continuous outcomes between the intervention and control groups was
also assessed using Generalised Estimating Equations (GEEs), employing a Gaussian identity link function, an
unstructured correlation structure, and robust standard errors. The intervention and control groups were coded
as (1/0), and an interaction term between the intervention and time was created to evaluate the impact of the
intervention. An intention-to-treat analysis was performed.

Role of the funding source
This study was supported by the Australian National University Scholarship. The funders of the study had no role
in study design, data collection, data analysis, data interpretation, or writing of the report.

Results

Between September 29, 2023, and January 1, 2024, 112 bank branches and 1,574 employees were approached.
Out of these, 864 employees underwent measurements for blood pressure and obesity, but 607 were excluded due
to normal readings. Additionally, 31 participants (27 male and 4 female) were excluded for various reasons: 18
did not consent to provide a blood sample, 3 had neurological issues, 2 experienced musculoskeletal problems,
2 had cardiac conditions, 3 had respiratory issues, 2 were pregnant, and 1 was planning to become pregnant.
Finally, 226 participants were included in the trial, with 113 assigned to each group. The intervention ran from
November 29, 2023, to January 1, 2024, with follow-up continuing until October 15, 2024. The trial is completed
and data analysis was performed on 207 participants (Fig. 2).

The baseline characteristics of the study participants are presented in Table 1. The intervention group had
a mean age of 39-71 years (+7-57), while the control group had an average age of 3918 years (£7-99). The
intervention group consisted of 92 males (87-62%) and 13 females (12-38%), while the control group comprised
85 males (83-33%) and 17 females (16-67%). All participants were non-smokers (Table 1).

Table 2 summarises the continuous outcomes results. The levels of risk factors for metabolic syndrome, lipid
profiles, and KAP at baseline and end-line were compared, and the differences between groups were compared
by the intervention status.

For the intervention group, we observed significant improvements in several health metrics. The WC
significantly decreased from a baseline mean of 101-57 cm to 96-24 cm, resulting in a difference of 5-33 cm
(p<0-0001). SBP also exhibited a substantial reduction from 135-56 mmHg to 128-59 mmHg, with a difference
of 6:96 mmHg (p <0-0001). Similarly, DBP declined from 89-87 mmHg to 85-66 mmHg, indicating a reduction
of 421 mmHg (p <0-0001). T. Chol levels decreased substantially by 34-12 mg/d], falling from 212-33 mg/dl to
17821 mg/dl (p <0-0001). LDL-c experienced a significant decline of 20-68 mg/dl, dropping from 132-59 mg/
dl to 111-91 mg/dl (p<0-0001). Furthermore, knowledge improved significantly in the intervention group,
with a change of 7:29 points (p<0-0001). Regarding dietary habits, the intervention group showed notable
improvements in the consumption of fruit and vegetable portion. Fruit consumption increased significantly
from 0-74 to 1-21 portions (p =0-0072), while vegetable portions rose from 1-10 to 1-77 portions (p <0-0001). No
significant changes were observed in TGL, FBG levels, attitude, stress management, and sitting time.

The control group also showed modest changes in several metabolic syndrome risk factors. WC decreased
by 4-24 cm (p=0-0005), SBP was reduced by 4-.34 mmHg (p=0-0067), and DBP decreased by 3-60 mmHg
(p=0-0012). Additionally, T. Chol dropped by 19-61 mg/dl (p<0-0001), and low-LDL levels decreased by
16-35 mg/dl (p <0-0001). However, TGL rose by 11-01 mg/dl (p =0-2549), and there was a significant decline in
fruit and vegetable consumption, with portions decreasing by 0-53 (p =0-0217) and 0-90 (p <0-0001), respectively.
HDL decreased unfavourably in both groups, primarily showing a significant decline of 10-91 mg/dl (p <0-0001)
in the intervention group. The difference-in-differences analysis highlights the effectiveness of the intervention
in improving T. Chol level, knowledge, and behavioural outcomes. The intervention group demonstrated
a significant reduction in total cholesterol level (14-52 mg/dl; p=0-0054) as well as noteworthy increases in
knowledge (6-96; p <0-0001), fruit consumption (1-00 portion; p=0-0005), and vegetable consumption (1-34
portions; p <0-0001) compared to the control group (Table 2).

Table 3 presents a summary of the proportions and mean differences of the categorical outcomes, comparing
pre and post intervention results, as well as differences between the control and intervention groups at the
endline.

The intervention group experienced significant improvements in dietary habits and physical activity
compared to the baseline. Regular fruit consumption rose from 4-76% to 20-00% (mean difference 0-152,
p=0-0008), fruit juice intake increased from 3-81% to 16-19% (mean difference 0-124, p=0-0028), and vegetable
consumption improved from 8:57% to 28-57% (mean difference 0-20, p=0-0002). Additionally, there was a
borderline significant reduction in oil and fat intake, decreasing from 59-05% to 45-71% (mean difference 0-133,
p=0-0531).

Improvements were also noted in physical activity, with moderate exercise participation increasing from
29:52% to 53-33% (mean difference, 0-215; p=0-0019) and vigorous exercise increasing from 11-43% to 26-67%
(mean difference, 0-152; p=0-0049).

The control group showed no significant changes in healthy dietary or exercise patterns. In contrast, fast
food and pastry consumption increased from 2-94% to 13-73% (mean difference, 10-79%; p=0-0053), while
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[ Enrolment ]

Assessed for eligibility (n=864)

Excluded (n=638)
Not meeting inclusion criteria (n=620)
Declined to participate (n=18)

Randomised (n=226)

.

/ |

Allocation

1 \

Allocated to intervention (n=113)
Received allocated intervention (n=111)

take intervention) (n=2)

Did not receive allocated intervention (decline to

Allocated to intervention (n=113)
Received allocated intervention (n=113)
Did not receive allocated intervention (n=0)

| o |

Discontinued intervention (n=0)

Lost to follow-up for primary outcome (n=6):
Decline to give a blood sample (n=1)
Pregnancy (n=1)

Arrested (n=1)
Change workplace (n=3)

Discontinued intervention (n=0)

Lost to follow-up for primary outcome (n=11)
Change workplace (n=3)
Excluded due to pregnancy (n=4)
Refused to give end line data (n=4)

[ Analysis ]

Analysed for primary outcome (n= 105)
Excluded from analysis (n=0)

Analysed for primary outcome (n=102)
Excluded from analysis (n= 0)

Fig. 2. Trial flow diagram for the effectiveness of education interventions.

egg consumption also showed a borderline increase from 1-96% to 7-84% (mean difference, 0-068; p=0-0517)
compared to the baseline.

By the end of the intervention, significant improvements were observed in the intervention group compared
to the control group. Regular fruit consumption increased to 20-00% in the intervention group compared to
7-84% in the control group (mean difference, 0-122; p=0-0118). Vegetable consumption increased to 28-57%
in the intervention group, compared to 13-73% in the control group (mean difference, 0-148; p=0-0090).
Conversely, 13-73% of the control group reported regular consumption of fast food and pastries, compared to
1-90% in the intervention group (mean difference, 0-118; p=0-0015).

The intervention group also showed notable improvements in levels of physical exercise, with p-values of
0-0216 for light exercise, 0-0202 for moderate exercise, and 0-0035 for vigorous exercise. No significant differences
were found in alcohol consumption patterns, with approximately 93% of participants in both groups reporting
less than 14 units of alcohol per week (p=0-9552) (Table 3).

Table 4 presents the results of the impact evaluation for continuous outcomes, comparing the intervention
and control groups. The analysis utilised the Generalised Estimating Equations (GEE) model, adjusting for age,
sex, marital status, work experience, income, educational status, and background health conditions (diabetes,
hypertension, and cholesterol).

The results indicate significant effects of the intervention over time on total cholesterol, knowledge, fruit
and vegetable portion consumption. The intervention resulted in a notable decrease in t.chol (p=-14-249,
p=0-006, 95% CI —24-458 to —4-039), an increase in knowledge (3=7-194, p <0-001, 95% CI 5-351-9-037), and
improvements in fruit portion consumption (f=1-043, p<0-001, 95% CI 0-482-1-603) and vegetable portion
consumption (B=1-360, p<0-001, 95% CI 0-734-1-987). Conversely, there was also a significant reduction in
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Variables Intervention group (n=105) | Control group (n=102)
Sociodemographic characteristics
Age (Mean +SD) 39:71+7.57 39-18+7:99
Work experience (Mean+ SD) 13-95+6-86 13-44+6-29
Monthly income (Mean +SD) 33,645-11+13,971-58 33,281-93+14,588-51
Male 92 (87-62) 85 (83-33)
Sex Female (12-38) 17 (16-67)
Married 83 (79-05) 80 (78-43)
Marital status Single 6 (15-24) 18 (17-65)
Divorced 6 (5-71) 4(3-92)
Diploma 4 (3-81) 6 (5-88)
Education status Degree 46 (43-81) 46 (45-10)
Masters 55 (52-38) 50 (49-02)
Metabolic syndrome risk factors
WC (em) Male 101-58 £9-46 99-32+8:92
Female 101-54+12.-51 101-41+£9-60
SBP (mmbhg) 135-56+13-82 131-71+£15-26
DBP (mmhg) 89-87+8-82 88-43+9-01
T. Chol (mg/dl) 212-33+£43-96 196-00 £40-33
HDL-C (mg/d) Male 50-16+9-97 44-66£9-90
Female 50-54+8-94 43-24+9-24
LDL-C (mg/dl) 132-59£42-34 126-25+34-00
TGL (mg/dl) 142.27 £66-70 127-60 £ 80-20
FBG (mg/dl) 102-30+23-86 93.20+22.74
Knowledge and attitude
Knowledge 23-83+6-39 23-88+6-79
Attitude 55:06+7-60 56-19+6-07
Dietary
On average, how many portions of FRUIT do you eat daily? 0-74+1-49 1-37+£1-81
On average, how many portions of VEGETABLES do you eat daily? 1.10£1.87 1-46+2-07
Physical exercise
Yes 63 (60-00) 45 (44-12)
Light physical exercise
No 42 (40-00) 57 (55-88)
Moderate physical exercise Yes 31(2952) 31 (5039)
No 74 (70-48) 71 (69-61)
Yes 2 (11-43) 19 (18-63)
Vigorous physical exercise
No 93 (88-57) 83 (81-37)
Sitting time at the office each day 747 +1-29 7:09+1-48
Stress
Stress score 1670 +5-70 16-82+5-65
Alcohol consumption
Alcohol consumption on average in the last 7 days) Less than 14 units | 98 (93-33) 94 (5216)
More than 14 units | 7 (6-67) 8 (7-84)

Table 1. The baseline characteristics of study participants. WC=Waist circumference= >102 cm in

men, >88 cm in women. SBP = Systolic blood pressure =130 mmHg or greater. DBP = Diastolic blood
pressure =85 mmHg or greater. T. Chol = Total cholesterol = >200 mg/dl. HDL-C =High-density
lipoprotein -Cholesterol = <40 mg/dl in men and <50 mg/dl in women. LDL-C =Low-density lipoprotein
-Cholesterol = > 100 mg/dl. TGL = Triglycerides = > 150 mg/dl. FBG =Fasting blood glucose= =110 mg/dl

HDL cholesterol (f =—5-055, p<0-001, 95% CI —7-805 to —2-306). No significant changes were observed in WC,
BP, LDL-¢, TGL, FBG, attitude, stress management, and sitting time per day (Table 4).

Discussion

This trial offers strong evidence regarding the effectiveness of a workplace-based healthy lifestyle intervention
in reducing the metabolic risk factors and promoting healthy behaviours in low-income country contexts. The
findings will serve as valuable input for the design and implementation of future workplace health intervention
programs, both in similar contexts and beyond.
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Variables Intervention Control
Change from Change from
baseline (Mean +SD) baseline (Mean +SD)
Baseline Endline (Endline—baseline) | Baseline Endline (Endline—baseline) | Difference in difference
Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SE) | P
WC (cm) 101-57(+9-82) 96-24 (£9-79) -5-33 (£9-80) * 99-67 (£98-:00) | 9543 (£10-12) | —4-24(+11-87)* 1-18 (£1-30) 0-3997
SBP (mmHg) 135:56 (+13-82) | 128:59 (+11-86) | —6-96 (+13-00) * 13171 (£ 15:26) | 127-37 (+12:66) | —4-34 (£15-83)* 2:63 (+2-01) 0-1931
DBP (mmHg) 89-87 (£8-82) | 8566 (£9-43) | —4.21 (+7-83)* 8843 (£9-01) | 84-83 (£9-01) | —3-60 (+10-94)* 0-61 (£1-32) 0-6451
T. Chol (mg/dl) 212-33(+43-96) | 178-21 (£38:98) | —34-12(+25-23) * 195-99 (+40-33) | 176:38 (+35-92) | —19-61 (+46-29) * 14-52(+5-16) 0-0054
HDL (mg/dl) 50-21 (+9-81) 39:30 (£8:65) | —10-91 (£9-13) * 4442 (£9-76) 38:35 (+7-43) —-6-07 (£10-80) * 4.85 (£1-39) <0-0001
LDL (mg/dl) 132:59 (£42:34) | 111:91(+34-69) | —20-68 (+22-82) * 12624 (£34-00) | 109-89 (+30-84) | —16-35 (+38-04) * 4.33 (£4.35) 0-3208
TGL (mg/dl) 142-27(+66:70) | 137-05 (+60-00) | —5-22 (+56-42) 127-60 (+80-20) | 138-61 (+66-56) | +11-01 (£97-12) 16-23(+11-00) 0-1413
FBG (mg/dl) 102-30 (+£23-86 99-34 (£37-02) | —2-96 (+24-80) 93.20 (£22-74) | 92-30 (£20- 42) +0-89 (£29-89) 2:07 (£3-81) 0-5878
Knowledge 23.83 (£6:39) | 3111 (2421) | +729 (£5:84)* 23.88 (£6.79) | 2421 (6 +0-32 (£8-60) ~6:96 (£1.02) | <0-0001
Attitude 55-06 (+7-60) 5600 (+8-58) +0-84 (£8-36) 56:19 (+6-07) 5441 (+11- 15) —-1.77 (£11-30) —-2-61(+1-38) 0-0594
Sitting time 7-47 (+1:29) 7-26 (+1-19) +0-21 (£1-43) 7-09 (+1-48) 7-05 (+1:57) —-0-04 (£1-72) 0-17 (£-22) 0-4335
Fruit portion 0-74 (£ 1.49) 121(161) | +047 (£1.74)* 137 (£ 181) 0-84 (£1.48) | —0.53 (£2.29)* ~1.00 (£0-28) | 0-0005
Vegetable portion 110 (£ 1-87) 1.77 (£2-12) +0-43 (£2-44)* 1-46 (£2-07) 0-56 (+1-28) —0-90 (£2-25)* —1-34 (£0-33) | <0-0001
Stress 1670 (£5.70) | 1648 (£560) | —0-23 (+5-98) 1682 (£5:65) | 1694 (£6:35) | —0-12 (+7-44) 0-35 (+-94) 0-7156

Table 2. Differences in differences between baseline and end-line measurements and among intervention and
control groups of risk factors for metabolic syndrome, lipid profiles, and KAP in north-west Ethiopia. *=p
value <0-05. —=decreasing from the baseline. + =increasing from the baseline.

The study found significant reductions in key metabolic syndrome risk factors in the intervention group,
including WC, SBP, DBP, T. Chol, and LDL-c, compared to baseline measurements.

These findings align with previous workplace based interventions, including a study among university staff
in Jimma, Ethiopia®!, studies in Taiwan>? and from Iran, which reported reductions in WC and T.CHOL levels®?

The findings of our study demonstrate that workplace health education intervention effectively reduces
metabolic syndrome risk factors and improves lipid profiles. The significant decreases in these biomarkers
underscore the critical role of structured health education programs in reducing the prevalence of metabolic
syndrome. Thus, this study supports workplace health initiatives as a valuable strategy for preventing chronic
diseases. The control group also showed modest changes in metabolic risk factors from baseline measurements.
However, these improvements were less pronounced than those observed in the intervention group, even with
some increments in TGL levels. This outcome suggests that essential health interventions such as providing
general health advice, conducting screening activities, and informing participants about their health status
effectively reduce metabolic syndrome risk factors. Thus, continuous workplace health screening and education
that motivate individuals to adopt healthier lifestyle practices are important in preventing the development of
metabolic syndrome, even in the absence of structured, in-depth programs, as trialled in this study.

Despite the significant changes in the above risk factors, the intervention did not yield significantimprovements
in TGL and FBG levels, and an unexpected reduction in HDL levels was observed. These observations align
with findings from other studies. One study* noted that TGL levels remained unchanged post-intervention
among participants receiving the similar intervention. Another study conducted in Iran noted a decrease in
mean HDL-C levels along with a rise in FBG levels among the intervention group??

Understanding the mechanisms behind the insignificant changes in TGL, FBG, and the unexpected decrease
in HDL-c is crucial for guiding future interventions. The decrease in HDL-c is particularly noteworthy, as it is
generally regarded as a protective factor for cardiovascular disease. Several factors likely contributed to these
outcomes, including dietary focus, carbohydrate consumption, metabolic adaptations, impact of rapid weight
loss, exercise variability, and the duration of the intervention. The intervention aimed to reduce overall fat intake
but did not sufficiently prioritise the replacement of unhealthy fats with healthier options, which may have
limited potential benefits on HDL-c levels. Participants also failed to significantly reduce their consumption
of sweets and high-carbohydrate foods (injera, bread, rice, and noodles), which can lead to increased TGL
and FBG levels while lowering HDL-c%. Metabolic adaptations in response to variations in energy intake or
expenditure may have impeded improvements in HDL-c%, as individuals lose weight or modify their dietary
patterns, the body can undergo metabolic changes that initially disrupt lipid profiles. These adaptations may
encompass alterations in liver function as well as modifications in the synthesis and clearance of lipoproteins®”-3.
Insufficient improvements in insulin sensitivity may result in minimal changes in FBG and TGL due to increased
triglyceride production®”-*. Rapid weight loss can also raise TGL by mobilising fatty acids from adipose tissue,
negatively impacting HDL levels**%0. Furthermore, variations in exercise intensity and type may yield different
effects on HDL-c levels, particularly if participants engaged in high-intensity workouts without adequate
recovery or nutrition*!.

Lastly, the duration of the intervention may not have been long enough to achieve significant improvements
in lipid profiles and blood glucose levels, underscoring the need for longer interventions to foster meaningful
lifestyle changes and metabolic adaptations. To address these challenges, future interventions should emphasise
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Variables Intervention (n=105) Control (n=102) The endline mean
Mean Mean difference of
Difference Difference | intervention and
Baseline n (%) | Endline n (%) | (EL-BL) Baseline n (%) | Endline n (%) | (EL-BL) control groups P
Dietary patterns
Regularly 5(4-76) 21 (20-00) 0-152 7 (6-86) 8(7-84) 0-018 0-122
Fruits 0-0118
Irregularly 100 (95-24) 84 (80-00) 95 (93-14) 94 (92-16)
Regularly 4(3-81) 17 (16:19) 0-124 5 (4-90) 9 (8-82) 0-039 0-074
Fruit juice 0-1098
Irregularly 101 (96-19) 88 (83-81) 97 (95-10) 93 (91-18)
Regularly 9(8:57) 30 (28:57) 0-20 16 (15-69) 14 (13-73) 0-013 0-148
Any vegetable 0-0090
Irregularly 96 (91-43) 75 (71-43) 86 (84-31) 88 (86-27)
Regularly 5(4-76) 4(3-81) 0-009 11 (10-78) 8(7-84) 0-034 0-040
Roots and tubers 0-2144
Irregularly 100 (95-24) 101 (96-19) 91 (89-22) 94 (92-16)
Roots (c.g. sweet | Regularly 10 (9:52) 6(571) 0-038 8 (7-84) 12 (11.76) 0-039 0-061 01225
potatoes) Irregularly 95 (90-48) 99 (94-29) 94 (92-16) 90 (88-24)
Regularly 73 (69-52) 73 (69-52) 0-00 66 (64-71) 59 (57-84) 0-069 -0-117
Cereals 0-0805
Irregularly 32 (30-48) 32 (30-48) 36 (35-29) 43 (42-16)
Regularly 22 (20-95) 17 (16-19) 0-048 9(8-82) 15 (14-71) 0-068 -0-015
Meat 07677
Irregularly 83 (79-05) 88 (83-81) 93 (91-18) 87 (85-29)
Regularly 11 (10-48) 9(8:57) 0019 2 (1:96) 8 (7-84) 0-068 ~0007
Eggs 0-8487
Irregularly 94 (89-52) 96 (91-43) 100 (98-04) 94 (92-16)
Regularly 6(5-71) 3(2-86) 0-029 6 (5-88) 8(7-84) 0-026 0-059
Fish 0-1099
Irregularly 99 (94-29) 102 (97-14) 96 (94-12) 94 (92-16)
Regularly 25 (23-81) 20 (19-05) 0-048 19 (18-63) 28 (27-45) 0-088 0-084
Legumes 0-1521
Irregularly 80 (76-19) 85 (80-95) 83 (81-37) 74 (72-55)
Regularly 8(7-62) 7 (6:67) 0-009 5(4-90) 9(8-82) 0-039 0-022
Dairy 05613
Trregularly 97 (92:38) 98 (93-33) 97 (95-10) 93 (91.18)
Regularly 62 (59-05) 48 (45-71) 0-133 37 (36-27) 46 (45-10) 0-088 —-0-006
Oil and fat 0-9291
Irregularly 43 (40-95) 57 (54-29) 65 (63-73) 56 (54-90)
Regularly 17 (16-19) 11 (10-48) 0-057 18 (17-65) 16 (15-69) 0-026 0-052
Sweets and sugar 0-2658
Irregularly 88 (83-81) 94 (89-52) 84 (82-35) 86 (84-31)
Fastfoodand | Regularly 3(2:86) 2(1-90) 0-009 3(294) 14 (13-73) 1373 0-118 00015
pastry Irregularly 102 (97-14) 103 (98-10) 99 (97-06) 88 (86-27)
Physical activity participation in the last one week
Yes 63 (60-00) 71 (67-62) 0-076 45 (44-12) 53 (51-96) 0-078 -0-166 0-0216
Light exercise
No 42 (40-00) 34 (32:38) 57 (55-88) 49 (48-04)
Moderate Yes 31(29-52) 56(5333) | 0215 31(3039) | 38(37:25) 0076 ~0-160 0020
exercise No 74 (70-48) 49 (46-67) 71 (69-61) 64 (62-75)
Yes 12 (11-43) 28 (26-67) 0-152 19 (18-63) 11 (10-78) 0-078 —-0-168
Vigorous exercise 0-0035
No 93 (88-57) 77 (73-33) 83 (81-37) 91 (89-22)
Alcohol consumption
Alcohol Lessthan 14 | gg (g3 33) 98 (93-33) 0-00 94 (92:16) 95 (93-14) 0018 0002
consumption on | units 09552
average in the last '
7 dayf) ﬁ’fﬁtr: than 14 1 5 ¢ 67) 7 (6:67) 8 (7-84) 7 (6:86)

Table 3. The proportion and mean difference of dietary, physical exercise, and alcohol consumption patterns
among bank workers in Bahir Dar City, northwest Ethiopia. EL=endline. BL =baseline. - = decreasing from
the baseline.

balanced dietary guidance that includes healthy fats and educating participants about the sources of these foods.
Implementing gradual weight loss strategies is important to minimise rapid metabolic changes, allowing for more
stable adaptations and the maintenance of HDL-c levels. Tailored exercise programs should be designed based on
individual fitness levels, incorporating a mix of aerobic and resistance training to optimise improvements in lipid
profiles. Additionally, regular monitoring of lipid levels throughout the intervention provides valuable feedback;
if HDL-c levels decrease, adjustments can be made in real-time to dietary and activity recommendations.

Moreover, extending the duration of interventions is crucial for facilitating transformative lifestyle changes
that reshape dietary choices, ultimately leading to lower TGL levels and improved insulin sensitivity.

The difference-in-difference analysis indicates that the mean levels of T. Chol, knowledge acquisition, and
consumption of fruit and vegetable portions exhibited statistically significant differences in the intervention
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95% Confidence

Outcome variables interval

Waist circumference | SE Pvalue | Lower | Upper
Intervention 1.435 1.199 | 0-231 -0915 |3.785
Time -4-166 1145 <0-001 | —6-409 | —-1.922
Intervention* time | —1.501 | 1.301 | 0-249 -4-052 | 1.049
Systolic blood pressure

Intervention 3-870 1.867 | 0038 | 0211 7-528
Time —-5:000 | 1-530 | 0-001 -7999 | -2.001
Intervention * time | —2-453 | 1.957 | 0-210 -6289 | 1.382
Diastolic blood pressure

Intervention 1.521 1-188 | 0-200 -0-807 | 3-850
Time -3.821 |1.066 | <0-001 |-5919 |-1731
Intervention * time | -0-620 | 1.318 | 0-635 -3.181 |1.941
Total cholesterol

Intervention 16-147 | 5797 |0-005 | 4-788 27507
Time —20-518 | 4559 <0-001 | —29-454 | —11-582
Intervention * time | —14-249 | 5209 | 0-006 —24-458 | —4-039
High-density lipoprotein cholesterol

Intervention 6-002 1.333 | <0-001 | 3-498 8:614
Time -5713 | 1199 | <0-001 | —7-829 | -3-596
Intervention * time | -5-055 | 1.403 | <0-001 | -7-805 | -2-306
Low-density lipoprotein cholesterol

Intervention 6-968 5254 | 0-185 -3.339 | 17-265
Time —17:229 | 3.727 | <0:001 | —24-534 | -9:924
Intervention * time | —3-856 | 4312 | 0-371 —12-306 | 4-595
Triglycerides

Intervention 10-207 | 9:584 | 0-287 -8:578 | 28.991
Time 9-749 9651 | 0312 | -9-166 |28-664
Intervention * time | —16-281 | 11-377 | 0-152 —38-565 | 6-003
Fasting blood glucose

Intervention 7-186 2:699 | 0-008 1-896 12:476
Time -1.814 |2912 | 0-533 —7-522 | 3-894
Intervention * time | -1.714 | 3.931 | 0-663 -9-417 | 5990
Knowledge

Intervention —-0-051 | 0-864 | 0953 —1.745 | 1-643
Time -0-113 | 0-756 | 0-881 -1.595 | 1-369
Intervention * time | 7-194 0-941 | <0-001 | 5-351 9-037
Attitude

Intervention —1.244 | 0957 |0-194 -3-119 | 0631
Time -1.722 | 1.191 | 0-148 -4-057 | 0-612
Intervention * time | 2579 1403 | 0-066 -0171 | 5329
Fruit portion consumption

Intervention -0-603 | 0222 | 0-007 -1.039 | -0-167
Time -0-611 | 0233 |0:009 |-1.066 |-0-154
Intervention * time | 1.043 0-286 | <0-001 | 0-482 1.603
Vegetable portion consumption

Intervention -0-319 | 0274 | 0-244 -0-855 | 0217
Time -0-946 | 0224 <0-001 | -1-384 | -0-508
Intervention * time | 1-360 0-327 | <0-001 | 0-734 1.987
Stress management

Intervention -0-126 | 0:772 | 0-870 -1.639 |1-386
Time 0-191 0-746 | 0-798 -1.271 | 1653
Continued
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95% Confidence
Outcome variables interval

Intervention * time | —0-547 ‘0.934 ‘0'558 ~2378 | 1284

Sitting time
Intervention 0-353 0-186 |0-058 |-0-011 |0-718
Time -0-059 | 0165 |0-719 |-0-382 |0-263
Intervention * time | —0-137 | 0-214 | 0-522 | -0-557 | 0-282

Table 4. Model of generalised estimating equations for bank workers participating in this randomised control
trial study in Bahir Dar city, Northwest Ethiopia.

group compared to the control group. Furthermore, at the end of the intervention, significant enhancements in
fruit and vegetable consumption and physical activity engagement were observed relative to the control group.

These findings suggest an optimistic path: extending the duration of the intervention could yield even more
significant improvements in risk factors linked to metabolic syndrome. The increase in knowledge, coupled
with substantial behavioural changes in dietary practices and physical activity, serves as a foundation in the
transformation of metabolic health.

On the other hand, no significant changes were detected in participants’ attitudes, stress management, or the
reduction of alcohol consumption. Several factors may account for these non-significant changes.

Modifying one’ attitude is an inherently gradual process that typically requires sustained effort over time
to establish*2. The ongoing political conflict between the federal government and the Amhara Fano (the armed
force struggling for freedom) exacerbates stress levels by disrupting financial systems and fostering insecurity.
At the same time, regular physical activity remains unfeasible without a contextually aware approach for home
and workplace exercises. Our previous qualitative study (under review) highlighted that security concerns
significantly hinder outdoor physical exercise.

This situation highlights the negative impact of political instability on public health, as it increases the risk
of chronic conditions by hindering the adoption of healthy lifestyles. Context-specific interventions, such as
home-based exercise programs, may effectively address these challenges and help prevent chronic diseases in
these circumstances.

The assessment of alcohol consumption focused on participants’ experiences over the past seven days,
coinciding with the Ethiopian New Year and a True Cross holiday, when social gatherings typically increase
alcohol intake®. This cultural context likely contributed to the non-significant reduction observed. Additionally,
unmanaged stress may lead individuals to consume more alcohol as a coping mechanism**.

This randomised controlled trial provides crucial evidence on the effectiveness of a contextually tailored
workplace health education intervention in reducing metabolic syndrome risk factors and fostering healthier
lifestyles in low-income settings. Although the effectiveness was tested in Ethiopia, it is applicable to other nations
going through health transitions brought on by fast urbanisation and the switch from physically demanding
agricultural work to sedentary, high-stress office work. These revelations support the global efforts that try to
prevent NCDs. Policymakers should prioritise the creation of health-promoting workplace environments by
developing and implementing structured workplace health intervention programs. Additionally, implementing
general health advice, including regular health screenings, is essential to address the increasing burden of
metabolic syndrome and related NCDs. Future studies should look at these interventions” long-term effects on
health outcomes, as well as their scalability and sustainability in a variety of working contexts. This will guarantee
that successful strategies may be modified and used in diverse settings to improve public health worldwide.

A key strength of this study is its focus on low- and middle-income countries, assessing knowledge, attitudes,
and self-reported behaviors related to diet, physical activity, alcohol consumption, and stress management, rather
than solely measuring the effectiveness of a healthy lifestyle education intervention for metabolic syndrome risk
reduction among office workers. The study is not without limitations and it is important to acknowledge those
limitations. First, we employed a cluster randomised controlled trial design, which has inherent limitations due
to intra-cluster correlation. Individuals within the same cluster may share similarities that can lead to correlated
outcomes, causing standard errors to be underestimated and inflating the risk of type I errors. This correlation can
diminish the apparent effectiveness of the intervention, as the outcomes may not reflect true differences between
groups. To mitigate these effects, we utilised statistical methods such as generalized estimating equations, which
account for the clustering. However, it is important to note that more participants may be required to achieve
the same statistical power as individual randomisation due to the reduced effective sample size associated with
clustering. Therefore, careful planning for a larger sample size during the study design phase is crucial to ensure
adequate power and robustness of the results.

Second, the data on healthy lifestyle behaviors were collected through self-report methods, which are
susceptible to various biases. These include social desirability bias, where participants may overreport positive
behaviors, and recall bias, where they may struggle to accurately remember past behaviors. Additionally, response
bias can occur if participants provide answers they believe are expected rather than their true behaviors. To
enhance the reliability of future study findings, we recommend using objective measures, such as pedometers
and food diaries with cross-checking, alongside self-reported data. Providing training for participants can also
help improve the accuracy of their self-reports and reduce biases. Third, there is a potential for information
contamination between groups, as complete control over this factor is challenging due to the intervention’s
nature.

Scientific Reports |

(2025) 15:39266 | https://doi.org/10.1038/541598-025-22962-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Conclusion

This study demonstrated the impact of a tailored workplace-based healthy lifestyle education intervention on
lifestyle behaviors and risk factors for metabolic syndrome. The intervention successfully achieved positive
changes in several lifestyle behaviors and reduced certain metabolic syndrome risk factors. However, it did not
lead to significant improvements in others, such as TGL and FBG levels, and there was an unexpected decrease
in HDL-c. This HDL-c decrease may be linked to shifts in lifestyle, including reduced intake of fatty diets and
rapid weight loss, as well as other metabolic adaptation processes. This outcome underscores the need for careful
substitution of unhealthy fats with healthier options. Future studies should focus on targeted strategies and
long-term interventions to address the unexpected findings and enhance improvements in TGL and FBG levels.
Additionally, the absence of a supportive work environment for adoption of healthy lifestyle behaviours emerged
as a significant barrier. It is crucial to develop integrated policies and programs that foster health-promoting
workplace environments to overcome this problem.
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