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Abstract

Background Risk factor surveillance is vital for public health interventions in non-communicable diseases (NCD)
control due to a noticeable nutrition transition among the population affecting dietary patterns. The objec-

tive was to investigate the dietary risk factors and its associations based on a first-of-its-kind analysis employing

both Latent Class Analysis (LCA) and Structural equation modelling (SEM) to explore the hidden heterogeneity

and subgroups with shared dietary pattern and to demonstrate the complex interaction of dietary factors with other
risk factors in the development of NCDs.

Methods A cross-sectional survey was used. Secondary analysis of the 2017 Oman NCD Risk Factors Survey data
was performed to investigate three major dietary risk factors (fruits and vegetables intake, eating out, and the type
of oil used in cooking) of Omanis using LCA and SEM.

Results Dietary risk factors are prevalent in Omanis with 55.8% reporting intake of less than five fruit and vegeta-
ble servings per day, 45.3% ate outside the home 1-3 times per week, and 87.3% used vegetable oil for cooking.
LCA showed two distinct classes of Omani population with majority belonging to the class mainly eating out 1-3
times per week, eating less than the recommended servings of fruits and vegetables, vegetable oil users, educated,
and married young adults. SEM showed the intricate interplay of dietary factors with 8 direct paths and several indi-
rect paths with NCD indicators.

Conclusions These findings may have important implications for targeting health promotion strategies
among the high-risk group of Omanis identified in this analysis and inform decision makers for the reduction of NCDs.

Keywords Dietary risk factors, Latent class analysis, Structural equation modelling, Oman, Non-communicable
disease
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Introduction

Globally, there is a nutrition transition characterized by a
rise in the consumption of dense, processed, and conven-
ience foods with a reduction in the intake of healthy food
including fibre rich food. Dietary patterns and nutrient
intake are affected by this nutrition transition, which in
turn affects the risk of developing non-communicable
diseases (NCDs) [1]. Based on global burden of diseases
(GBD) reports, in 2019 dietary risk factors were attrib-
uted with 7.9 million deaths which is the cause of 30% of
all NCDs-related deaths and 187.7 million DALYs glob-
ally [2].

The reduction of NCDs burden can be set in motion by
targeting their predisposing risk factors including meta-
bolic, behavioural, and environmental risk factors and
by encouraging the increase of favourable behaviours,
including consuming more fruit and vegetables and less
salt. The reduction in NCDs is now a United Nations
global health priority, advocated by the World Health
Organization (WHO) Action Plan, targeting main risk
factors like unhealthy diet, harmful alcohol consumption,
tobacco use, and physical inactivity. A selection of cost-
effective policy options (‘best buys’) has been identified
of which promoting healthy consumption of food is one
of them [3], since there is substantial evidence of a causal
association between dietary habits and patterns, nutrient
consumption and NCDs [4].

Healthy food includes a high intake of fibre rich food,
not less than 5 servings of vegetables and fruits, low
intake of saturated fat replaced by unsaturated fat, low
salt intake, and low consumption of energy dense and
processed food [5]. In addition to minerals, vitamins and
antioxidants, fresh fruits and vegetables are considered
to be rich sources of dietary fibre [6]. There is substan-
tial empirical support indicating that the consumption
of fruits and vegetables in quantities exceeding five serv-
ings (or 600 g) per day is efficacious in the prevention of
various chronic diseases, including obesity, hypertension,
cardiovascular diseases (CVD), and certain forms of can-
cer [7]. The prevalence of these diseases may be effec-
tively gauged by monitoring trends in the consumption of
these health-promoting foods.

Studies have shown that fruits and vegetables are not
adequately consumed by most of the population residing
in the Arab Gulf countries [5, 8]. In addition, it is known
that some dishes traditionally consumed within the Arab
Gulf region have a substantially high fat content (5%
-20%) [5]. Fat is essential for energy, development, and
vitamin absorption. However, it is advisable to maintain
a moderate intake of fat. Based on its association to heart
disease and its consequent impact on elevated blood
cholesterol levels, dietary fats can be categorised into
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two types. Fat from animal sources, which can poten-
tially raise blood cholesterol levels, is generally found in
meat, whole milk, butter, cheese, chicken skin, and liver.
Conversely, it is posited that fats derived from vegeta-
ble sources do not elevate blood cholesterol levels to the
same extent as animal fats. However, the use of coconut
oil and palm oil presents ambiguous evidence regarding
their impact on cardiovascular health, in contrast to oils
such as olive, sunflower, and canola. Despite this, fats are
high in caloric content, and excessive consumption of fat-
rich foods, such as fast food, may significantly contribute
to the rising prevalence of obesity in the region. Conse-
quently, it is advisable to satisfy energy requirements
with plant-origin foods, including legumes, grains, seeds,
and nuts. Although the Ministry of Health in Oman has
endorsed the global objective to halt and reduce the
impact of NCDs through the Oman National Strategy for
the Prevention and Control of NCDs, which oversees the
execution of targeted measures to lessen their burden [9],
the FAO and the WHO continue to stress the impor-
tance of food-based dietary guidelines (FBDG).Hence,
FBDG for the Arab Gulf countries was set up by the Arab
Center for Nutrition for timely prevention and appropri-
ate control of diet-related diseases, with a specific focus
on chronic disease [5]. A recent modelling study suggests
that the environmental sustainability of these national
and global FBDG could be enhanced by reducing red
and processed meat with balanced energy intake whilst
increasing consumption of whole grains, fruits and veg-
etables, legumes, and nuts and seeds [10]. Realistic objec-
tives for national programmes need to be set along with
increased preventive measures and behavioural modifi-
cation for adolescents and youth. This requires a multi-
pronged approach that addresses their physical, social,
and economic ecosystem. However, significant research
gaps hinder our ability to design the most effective inter-
ventions and offset substantial economic costs. This is
coupled with the lack of a robust method to measure
the burden in order to inform these interventions poses
a significant limitation, which is vital to produce lasting
positive changes in dietary patterns and overall health
outcomes.

In this study, we perform a secondary in-depth analy-
sis on the data available from the STEPwise approach to
risk factor surveillance (STEPS) survey, the largest repre-
sentative survey on a national scale to identify the magni-
tude of NCD risk factors among the Omani population.
In order to enable countries to gather core information
on the main risk factors that contribute to disease bur-
den, the WHO conceived the STEPS survey, with a flex-
ible structure allowing countries to adapt it according to
their specific needs [11]. It consists of three main steps:
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a questionnaire to assess socio-demographic, nutritional,
and behavioural information; physical measurements;
and biochemical measurements of blood glucose and
lipid profile, including cholesterol. Nested within are fur-
ther questions to identify levels of dietary intake, in par-
ticular on intake of fruits, vegetables and salt along with
the consumption of food outside home and oils used in
cooking.

The main objective of this study was to investigate the
dietary risk factors of the Omani population using Latent
Class Analysis (LCA) to explore the hidden heterogeneity
and subgroups with shared dietary pattern to enlighten
and inform decision makers with more reliable informa-
tion that can guide them to build targeted action plans to
reduce the burden of NCDs.

Methods

Sampling

Data was derived from the dataset of a large cross-sec-
tional nationally-representative community-based Oman
NCD Risk Factors Survey adopting WHO STEPwise
methodology, and employing a multi-level stratified, geo-
graphically clustered sampling approach across all gover-
norates (regions) of the Sultanate of Oman. Adjustments
were done to the sample weights by primary and second-
ary sampling units as well as for household non-response
level. Further details of the survey methodology are avail-
able on the main NCD survey article [12]. The analysis
presented here included all eligible adult Omani citizens,
men and women, aged 18 years and above taken from the
total survey population (4,320 participants).

Questionnaire

Based on the WHO STEPS instrument, a questionnaire
for obtaining demographic and behavioural data in addi-
tion to the physical and biochemical measurements were
used. A section on dietary history related to salt, fat, and
fruit and vegetable intake was included in the question-
naire. The dietary questionnaire (Template in Text S1)
was based on stated consumption. Respondents were
provided with examples of foods high in salt content.

Variables

The variables were described by two categories of vari-
ables — the dietary factors (dependent variables) and par-
ticipant characteristics (independent variables). These
variables which were categorised belong to biophysical
indicators (waist-to-hip ratio, systolic blood pressure)
and biochemical indicators (blood glucose, total choles-
terol, high-density lipoprotein (HDL)) which were the
variables collected as part of a big WHO NCD STEP-
wise survey conducted in Oman. Dietary intake was
assessed through self-reported low consumption of fruits
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and vegetables by participants (representing intake of
fruits and vegetables, which are critical components of a
healthy diet), eating outside (used as a proxy for fast food
consumption, which is often associated with unhealthy
dietary choices due to less control over ingredients and
cooking methods) and the type of oil used for cook-
ing (saturated or unsaturated fat which can significantly
affect health). Inadequate intake of fruits and vegetables
was defined as intake of less than five portions (or 400g)
of fruits and vegetables per day, as recommended mini-
mal intake by the WHO [11]. In the course of the survey,
the questionnaire included frequency in terms of days
and servings to assess the consumption of fruits and veg-
etables. All the outcome variables were evaluated with
the several independent variables employed in this study,
including age, sex, education level, marital status, and
work status.

Statistical analysis

Statistical analysis was carried out with STATA (version
2016). Complex samples analysis was used to generate
estimates with adjustment for the complex, multi-level
sampling design, incorporating stratified sampling by
governorates and enumerator areas. Descriptive analysis
was calculated using proportions and testing relation-
ships between categorical variables using chi square vari-
ance analysis at 95% confidence level. regression analysis
then was performed to assess the significance of dietary
behaviours on some unhealthy bio-physical and bio-
chemical variables controlling for sociodemographic
variables.

An analysis through Structural Equation Modelling
(SEM) was used to assess the hypothesized relationships
between the observed variables (dietary habits) and the
latent variables (biophysical and biochemical indicators).
SEM allows for the evaluation of both direct and indirect
pathways, making it particularly useful for understanding
complex relationships between diet and health outcomes.
The standardized coefficients are used in the model to
control measurement differences, providing a way to
compare the strength and direction of associations across
different variables uniformly. Model outcomes were eval-
uated through goodness of fit to ensure adequate data
representation, along with showing how each dietary risk
factor influences the biophysical and biochemical indica-
tors both directly and indirectly.

In addition, there is a strong emphasis by many
researchers on the signs and statistical significance of
effects, but very little emphasis is often placed on the
substantive and practical significance of the results.
Using predicted or expected values to model hypotheti-
cal or prototypical cases can often result in more tangible
results [13]. Thus, marginal effect analysis was conducted
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to extract more meaningful results. Moreover, although
conventional variable-level studies (such as regression)
include important information, important aspects of
relationships that are often rooted in sample heteroge-
neity are not captured. Thus, LCA [14] was done which
is one of several person-centred techniques that can be
used to capture sample heterogeneity within and between
various groups. By using STATA, LCA was performed on
a weighted sample. The fact that a model is estimated and
a case has been selected by random selection to fit into
one specific class provides some information as to what
response pattern the case will have — to understand how
dietary patterns cluster among different demographic
segments. The selection of the best model was guided by
model fit indices such as Akaike’s Information Criterion
(AIC) and Bayesian Information Criterion (BIC), with
lower values indicating a better model fit. Maximum like-
lihood estimation using the expectation—maximization
procedure, a well-known indicator of a statistical model’s
goodness of fit, is typically used to calculate the param-
eters of the subdistributions [14].

Table 1 Socio-demographic attributes of the respondents,
Oman STEPS survey, 2017

Variable (n) Proportion (%) 95%
Confidence
interval

Age group, years

18-29(1,102) 337 31.3-36.2
30-44 (1,337) 25.7 23.8-278
40-49 (856) 19.0 17.0-21.1
50-59 (484) 10.7 9.2-12.5
60+ (542) 10.9 9.5-12.5
Sex
Men (1,665) 439 41.4-464
Women (2,655) 56.1 53.6-58.6
Education attainment
None (1,274) 218 20.1-23.7
Preparatory or less (487) 9.7 85-11.1
Secondary (1,648) 427 40.2-45.3
University or more (908) 257 23.6-280
Marital status
Not married (742) 282 25.8-30.8
Married (3,161) 64.0 61.4-66.5
Separated/Divorced (114) 27 1.9-38
Widowed (303) 5.1 41-63
Work status
Public sector (1,042) 239 21.9-26.0
Private sector (465) 134 11.6-155
Not working (2,810) 62.7 60.2-65.1
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Results

Participant characteristics

Table 1 presents the demographic attributes of the study
participants. 4320 Omani citizens were included in the
secondary data analysis, of which the majority of par-
ticipants were young in the age group of 18-44 years
(59.39%), women (56.13%), had secondary education
or above (68.44%), married (63.98%), and not currently
working (62.72%).

Prevalence of dietary risk factors

More than half of the surveyed respondents reported
taking less than five fruits and vegetable servings per day
(Table 2) while 45.3% ate meals outside the home 1-3
times per week. It was also found that 87.3% used vegeta-
ble oil for cooking in comparison to butter (4.3%, 95% CI:
3.4%-5.6%) (Table 2). The prevalence of high dietary salt
consumption was observed in 60.8% of the participants
(Table 2).

Dietary risk factor associations

Fruits and vegetables intake varied significantly within
the different age groups, education level groups, and
marital status groups (all p<0.001) (Table 3). The major-
ity of respondents who had an intake of less than 5 serv-
ings of fruits and vegetables were young (18-29 years
old) (37.4%), completed secondary school (42.2%) and
were married (57.9%)).

Similarly, eating outside the home was associated
with age, sex, education level, marital status and work-
ing status (all p<0.001). Most respondents eating
more than 4 times/week were 18-29 years (56.4%),
men (64.9%), and completed secondary school (48.8%),

Table 2 Prevalence of dietary risk factors

Dietary variable Proportion (%) 95%
Confidence
interval

High dietary salt 60.8 44.6-74.9

Fruit and/or vegetable intake

>5 servings/day 442 41.7-46.7

<5 servings/day 558 53.3-583
Eating meals outside the home

Never 386 36.2-40.9

1-3 times per week 453 42.7-47.9

4 or more times per week 16.2 14.2-183
Type of cooking oil used

Vegetable oil 873 85.7-88.8

Butter 43 34-56

Other 84 7.2-9.6
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Table 3 Prevalence of Fruits and Vegetables and its correlation to biophysical and biochemical risk factors of NCDs
Fruits and vegetables intake % (95% Cl) P value?
Column % Row %
>5 <5 >5 <5
Age group <0.001
18-29 29 (25.5-32.6) 374 (34-40.7) 38.1(33.7-42.6) 61.9 (57.4-66.3)
30-39 253(22.2-284) .1(23.5-286) 435 (39.2-47.7) 56.5 (52.3-60.8)
40-49 21.6(18.2-24.9) 16.9 (14.5-19.3) 50.3 (44.4-56.2) 49.7 (43.8-55.6)
50-59 8(9.71-15.8) 9.07 (7.49-10.7) 52.7 (44.8-60.6) 473 (39.4-55.2)
60+ 3(8.79-13.9) 6(8.79-124) 45.8(384-53.2) 54.2 (46.8-61.6)
Sex 0.399
Men 43.68 (39.72-47.72) 4402 (40.83-47.25) 44 (40-48.1) 56 (51.9-60)
Women 56.32 (52.28 -60.28) 5598 (52.75-59.17) 444 (41.2-47.5) 556 (52.5-58.8)

Education level
No formal education
Preparatory or less
Secondary completed
University +
Marital Status
Never married
Currently married
Divorced/Separated
Widowed
Work status
Working in public sector
Working in private sector
Not working
Blood pressure
SBP < 140 and DBP <90
SBP =140 and/or DBP =90 OR currently on meds
BMI
1) BMI<30
2) Obese BMI =30
Waist to Hip Ratio
Normal
Abnormal
Triglycerides
Triglycerides < 1.7
Triglycerides>1.7
Total cholesterol
Total Cholesterol > 5.3
Total Cholesterol < 5.3
HDL
HDL>1.53
HDL<1.53
Blood glucose
Blood glucose <6.1
Blood glucose>6.1and < 7.0
Blood glucose > 7.0 or on diabetes medications
Smoking
Currently not smoking

204 (17.6-23.3)
.2 (8.07-12.4)

429 (38.9-46.9)

26.5(23-29.9)

22.2(18.6-25.8)
71.7 (67.9-75.4)

63 (0.74-2.51)
4.48 (2.95-6)

24.5(21.1-27.8)
12.9(9.79-16)
62.6 (58.7-66.5)

67.3(634-71.2)
32.7 (28.8-36.6)

65.6(61.8-69.4)
34.4(30.6-38.2)

33.9(30.1-37.7)
66.1 (62.3-69.9)

783 (75.1-81.4)
21.7 (18.6-24.9)

28.8(25.2-32.4)
71.2(67.6-74.8)

19.5 (16.7-22.4)
80.5 (77.6-83.3)

723 (68.8-75.8)
11.4(9.52-13.3)
16.3 (13-19.5)

94.5 (92.7-96.4)

23 (20.6-254)
9.31 (7.64-11)
426 (39.3-45.8)
25.2(22.2-28.1)

33(29.7-364)

579 (54.5-61.2)
3.56 (2.09-5.04)
5.53(4.03-7.04)

23.4(20.8-25.9)
13.8(11.3-164)
62.8 (59.6-65.9)

69 (65.9-72)
31(28-34.1)

67.5 (64.5-70.4)
32.5(29.6-35.5)

396 (36.3-43)
60.4 (57-63.7)

80 (77.4-82.7)
20(17.3-22.6)

29.9(26.8-32.9)
70.1(67.1-73.2)

226 (19.9-253)
774 (74.7-80.1)

73.7 (71-76.3)
12.5(10.6-14.4)
13.8(11.7-15.9)

93 (91.4-94.5)

414 (36.8-45.9)
46.5 (39.4-53.6)
444 (40.2-48.5)
45.5 (40.4-50.6)

34.8 (29.5-40.1)
49.5 (46.6-52.4)
26.6 (13-40.1)

39.1 (28.4-49.7)

45.3 (40.4-50.2)
42.5(34.4-50.6)
442 (41-47.3)

43.6 (40.7-46.5)
45.5 (40.7-50.3)

435 (40.4-46.6)
45.6 (41.3-49.9)

40.7 (36.4-45)
46.8 (43.6-49.9)

43.7 (40.8-46.5)
46.3 (40.8-51.8)

433 (38.6-48.1)
44.6 (41.6-47.5)

40.6 (35.6-45.7)
45.2 (42.3-48.1)

43.7 (40.7-46.7)
42 (36.4-47.7)
48.3 (41.5-55.1)

446 (42-47.2)

58.6 (54.1-63.2)
53.5 (46.4-60.6)
556 (51.5-59.8)
54.5 (49.4-59.6)

65.2 (59.9-70.5)
505 (47.6-53.4)
734 (59.9-87)

60.9 (50.3-71.6)

54.7 (49.8-59.6)
57.5(49.4-65.6)
55.8 (52.7-59)

56.4 (53.5-59.3)
54.5(49.7-59.3)

56.5 (53.4-59.6)
544 (50.1-58.7)

59.3 (55-63.6)
53.2(50.1-56.4)

56.3 (53.5-59.2)
53.7 (48.2-59.2)

56.7 (51.9-61.4)
554 (52.5-584)

594 (54.3-64.4)
54.8 (51.9-57.7)

56.3(53.3-59.3)
58 (52.3-63.6)
51.7 (44.9-58.5)

55.4(52.8-58)

<0.001

<0.001

0.805

0.974

0.565

0.089

0.015

<0.001

0.235

0.533

0218
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Table 3 (continued)
Fruits and vegetables intake % (95% Cl) P value?
Column % Row %
>5 <5 >5 <5
Currently smoking 546 (3.62-7.29) 7.02 (5.46-8.58) 38.1(28.3-47.9) 61.9(52.1-71.7)
Sedentary lifestyle 0.019
<2h 226(19.1-26.1) 224 (19.9-24.9) 444 (39-49.7) 55.6 (50.3-61)
2-3h 36.7 (32.9-40.6) 36.2 (33.1-39.4) 445 (40.3-48.7) 55.5(51.3-59.7)
>3h 40.7 (36.8-44.5) 414 (38.2-44.6) 43.7 (39.8-47.6) 56.3 (52.4-60.2)

2 Chi square test was performed

never married (30.1%), and not currently working
(47.4%). Most of the women ate at home while most
of the men eat 1-3 times/week outside the home. In
general, as the education level increased, there was
a higher tendency for eating outside the home. Most
of those who were working were eating from outside
but those who were not working ate mostly at home
(Table 4).

We found that the type of oil used for cooking varied
significantly among sex, educational level, and work-
ing status groups (all p<0.001). Most respondents
who used vegetable oils were mostly women (56.2%),
completed secondary school (42.3%) and not working
(61.9%). Among all subcategories of the above which
showed significant correlation with the type of cook-
ing oil used, vegetable oil was the main oil used for
cooking (Table 5).

Those having high blood pressure were mostly eat-
ing outside the home (55%). However, most of those
who were eating more than 4 times outside had normal
systolic blood pressure. They mostly used vegetable oil
for cooking (88.2%). Fruits and vegetables did not vary
significantly between blood pressure groups.

Most of those who are eating outside more than 4
times/week and those using vegetable oil for cooking
are having normal weight but abnormal waist-to-hip
ratio. Higher total cholesterol is seen more with those
who are eating at home and eating less than five serv-
ings of fruits and vegetables but it is not correlated
significantly with type of oil used for cooking. Inter-
estingly, low HDL was seen mostly among those who
ate more than 4 times/week outside compared to those
who ate a home. We found that high blood glucose is
found more in vegetable oil users and those who are
eating at home. Regressing total cholesterol on the die-
tary risk factors and controlling for sociodemographic
(age, sex, work status, marital status, education level,
family history of hypercholesteremia), and biophysi-
cal factors (obesity, waist-to-hip ratio) we found that

dietary risk factors are significant indicators for total
cholesterol level (Table 6). Further analysis on mar-
gins, we found that higher total cholesterol level is
associated with eating less fruits and vegetables, using
vegetable oil for cooking, and eating at home (Fig. 1A,
B, C).

Latent class analysis

We compared two models for identifying possible pop-
ulation subgroups using LCA analysis and we selected
the two-class model as it had a lower Akaike’s Informa-
tion Criterion (AIC) and Bayesian Information Criterion
(BIC) (Table S1). Using the probabilistic rules based on
these two criteria in LCA, we found that there are two
distinct subgroups of dietary habits (Table 7), where most
Omanis (90%) are more likely to be in class 2. In other
words, each Omani is having 90% probability of being in
class 2. Table 8 presents Class 2 which are those who are
eating less than the recommended servings of fruits and
vegetables, following sedentary lifestyle, using vegetable
oil for cooking, and mostly eating at home. Putting the
dietary habits as indicators for waist-to-hip ratio in the
LCA, we found that those in class 2 were with higher
probability of having abnormal waist-to-hip ratio (64%)
(Table S2, S3).

When the LCA was extended to include sociodemo-
graphic factors with the dietary factors, we found 2 dis-
tinct classes with each Omani having a 67% probability
of being in Class 1 which were those in the 18-39 age
group, completed secondary school, married, not work-
ing, eating less than the recommended servings of fruits
and vegetables, having sedentary lifestyle, eating outside
for 1-3 times/week, and using vegetable oil for cooking
(Tables S4, S5). Regressing blood glucose on the above
classes’ variables using LCA, we found that on condi-
tion of categorised in Class 1, an individual would have
a 21% and 6% probability of developing pre-diabetes and
diabetes, respectively (Tables S6, S7). However, being in
Class 2 (being married, above 50 years of age, not having
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Table 4 Prevalence of fast food and its correlation to biophysical and biochemical risk factors of NCDs
Meal out % (95% Cl) P value?
Column % Row %
0 times 1to 3 times >4 times 0 times 1to 3 times >4 times

Age group <0.001

18-29 23(20.2-259)  354(314-394) 564 (49.5-633) 26.1(226-29.7) 47.1(424-51.8) 268 (224 31.2)
30-39 209(186-232) 29.8(263-33.2) 26.3(20.7-32) 31.3(27.8-347) 523(48-56.5) 16.5(13-19.9)
40-49 21.7 (19-24.4) 206 (17-242)  874(533-122) 43.8(38.1-494) 489 (42.8-549) 7.38(4.51-10.3)
50-59 143 (11.7-16.8) 888 (6.48-11.3) 6.15(1.56-10.7) 524 (43.9-60.8) 38.2(29.9-464) 944 (2.6-16.3)

60+ 1(17.1-23.1)  535(3.59-7.1)  24(1.16-3.65) 734 (66.7-80.1) 22.9(163-29.5) 3.67 (1.78-5.56)

Sex <0.001
Men 335(30.2-36.7) 46(419-502) 64.9(57.8-72.1) 29.2(25.8-325) 47.1(43.1-51.2) 23.7(203-27.1)

Women 66.5 (63.3-69.8) 54(49.8-58.1)  35.1(27.9-42.2) 46(42.9-49.2) 43.8 (40.5-47.1) 10.2(7.63-12.7)

Education level <0.001
No formal education 38.8(35.6-42.1) 125(102-14.8) 5(2.81-7.19) 699 (65.6-74.2) 264 (22.2-30.5) 3.77 (2.15-5.39)
Preparatory or less 11.8(9.82-13.7) 9.18(6.92-11.4) 558 (3.07-8.08) 47.3(40.2-54.5) 43.3(35.8-50.7) 9.38(532-134)
Secondary completed 333(30.2-364) 49.1 (45-532) 488(41.7-559) 299(26.6-332) 51.8(47.6-559) 183(149-21.8)
University + 16.1(134-188) 293 (256-329) 406 (33.7-476) 239(19.9-279) 509 (45.8-56) 252 (20.5-29.9)

Marital Status <0.001
Never married 173 (14.3-20.3) 29.2(25.3-33.1) 53 (46.1-60) 23.5(19.2-27.7) 46.5 (41-52) 30.1 (24.8-354)

Currently married 71.5(682-749) 649 (609-69) 44.6(37.7-514) 43(402-457) 458(429-48.7) 11.2(9.3-13.1)
Divorced/Separated 2.25(132-3.17) 3.21(142-5.01) 1.74(0453-3.02) 33.3(189-47.6) 559(39.3-726) 10.8(2.75-18.8)
Widowed 8.89(6.89-109) 2.6(1.24-395) 0626 (0.053-1.2) 72.9(62.1-83.7) 25(142-358) 2.15(0.179-4.11)

Work status <0.001
Working in public sector 158 (13.5-18.1) 27.6(24.2-31) 342(27.8-40.7) 253(21.5-29) 51.8(47-56.7) 229 (18.6-27.3)

Working in private sector 102 (7.92-124) 149(11.4-183) 184(13-23.7) 288(224-353) 494 (413-575) 21.8(154-28.1)
Not working 74 (71.1-77) 575(535-61.6) 474(403-545) 459 (42.8-489) 41.8(38.6-45) 12.3(9.84-14.8)

Blood pressure 0.003
SBP < 140 and DBP <90 63.3(59.9-66.7) 70.1 (66.1-74.1) 763 (70.7-81.9) 35.7(33.1-38.2) 46.4 (434-49.3) 18(15.4-20.6)

SBP > 140 and/or DBP >90 36.7 (33.3-40.1)  29.9(259-33.9) 23.7(181-29.3) 44.9(403-49.6) 429(38-479) 12.1(9.16-15.1)

OR currently on meds

BMI 0.003
1) BMI<30 61.8(585-652) 679(64.2-71.6) 679 (642-71.6) 357(33-384) 46(42.9-492) 18.2(156-209)

2) Obese BMI =30 382(34.8-41.5) 32.1(284-358) 32.1(284-358) 443(40.1-485) 43.8(394-48.1) 11.9(8.74-15.1)

Waist to Hip Ratio 0.001
Normal 309(27.8-34) 403 (36.2-44.5) 456(384-52.8) 31.6(28-35.1)  483(43.8-52.7) 20.2(16.2-24.1)
Abnormal 69.1 (66-72.2) 59.7 (55.5-63.8) 544 (47.2-616) 425(39.5-456) 43(39.8-46.2) 14.5(12.1-16.9)

Triglycerides 0.041
Triglycerides < 1.7 76.3(73.2-793) 825(79.5-855) 77.5(71.5-835) 37.1(346-396) 47.1(442-50) 15.8(13.5-18.1)
Triglycerides > 1.7 23.7(20.7-26.8) 17.5(145-20.5) 22.5(165-28.5) 44.2(388-49.6) 38.2(328-43.7) 176(129-22.3)

Total cholesterol <0.001
Total cholesterol > 5.3 36.8(33.6-40.1) 253 (21.7-29)  22.1 (156-286) 486(43.8-533) 39.2(344-44) 12.2(8.36-16)

Total cholesterol < 5.3 63.2(59.9-664) 747(71-783) 779(714-844) 344(319-37) 47.8(44.8-50.8) 17.8(15.3-20.2)

HDL <0.001
HDL>1.53 247 (219-275) 21.2(179-244) 124(831-166) 45.1(40.1-50.1) 454 (40.1-50.7) 9.51 (6.38-12.6)
HDL<1.53 753(725-78.1) 788(756-82.1) 87.6(834-91.7) 36.8(34.2-394) 452(423-48.2) 17.9(15.5-204)

Blood glucose <0.001

Blood glucose < 6.1
Blood glucose>6.1 AND<7.0

66.6 (63.5-69.7)
13.3(11.4-15.1)

Blood glucose>7.0 orondia- 20.1(17.3-23)

betes medications

75.2(71.7-78.8)
11.9(9.63-14.2)
12.8 (9.78-15.9)

83.5(79.3-87.8)
10.1 (6.55-13.6)
6.43 (4.01-8.84)

35.1(324-37.7)
42.2(36.7-47.7)
53.1 (46.2-60.1)

46.5 (43.5-49.6)
444 (38.5-504)
39.8 (32.6-46.9)

184 (15.8-21)
134 (9-17.7)
7.09 (4.46-9.73)
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Table 4 (continued)
Meal out % (95% Cl) P value?
Column % Row %
0 times 1to 3 times >4 times 0 times 1to 3 times >4 times
Smoking <0.001
Currently not smoking 96.1(94.6-97.6) 93.8(91.9-956) 87.3(83.2-914) 39.6(37.2-42) 454 (42.7-48)  15.1(13-17.2)
Currently smoking 391(245-538) 6.22(4.38-8.05) 12.7(855-16.8) 23.7(15.6-31.8) 44.1 (344-53.9) 32.2(23.1-41.2)
Sedentary lifestyle <0.001
<2h 226(19.6-256) 24.6(21.1-28.1) 13.8(9.52-18) 394 (34.4-44.5) 505 (45.2-55.9) 10 (6.97-13.1)
2-3h 343(31.2-374) 37.7(33.8-41.7) 386(31.5-458) 36.2(325-39.9) 46.8(42.5-51) 17(13.3-20.7)
>3h 43.1(39.8-464) 37.7(33.6-41.7) 47.6(40.5-54.7) 40.2 (36.6-43.8) 41.3(37.2-45.3) 185(15.3-21.8)
2 Chi square test was performed
formal education, not working, having sedentary lifestyle, Discussion

eating outside the home, and eating less serving of fruits
and vegetables, and using vegetable oil for cooking), an
individual would have a 32% probability of developing
diabetes. As a result, we can see that increasing age is a
strong indicator for diabetes as it raises the probability of
developing diabetes from 6 to 32% despite the individual
having almost the same dietary habits. Thus, most Omani
citizens in Class 1 would have a higher probability of
developing diabetes if they keep the same lifestyle habits
as they are aging.

Direct effects of dietary risk factors

Using Structural equation modelling, we proposed
the model in Fig. 2 which showed the standardized
coefficients to control for measurement differences.
The model showed good fit (Table S8), which sug-
gests that hypothesised model accurately represents
the data. Table 9 shows how each dietary risk factor
influences the biophysical and biochemical indicators
both directly and indirectly. It was found that dietary
risk factors have a direct effect through 8 paths on
main biophysical (Waist-to-hip ratio, Systolic blood
pressure) and main biochemical (blood glucose, total
cholesterol, and HDL) risk indicators of NCDs along
with several indirect effects (Table 9). Eating outside
the home had a direct and indirect effect on all meas-
ured indicators, influencing systolic blood pressure
and Waist-to-Hip ratio. There is a direct effect on total
cholesterol and negatively influencing HDL. Fruit/
Vegetable intake was generally associated with better
outcomes such as lower Waist-to-Hip ratio and more
favourable cholesterol levels. The fat used for cooking
affected all parameters with both direct and indirect
effects, showing significant influence on Waist-to-Hip
ratio and systolic blood pressure.

Relatively few studies have explored the spectrum of
dietary risk behaviors among Omanis and their interplay
with biophysical and biochemical risk factors in the etiol-
ogy of NCDs. This investigation reveals that diet-related
risk factors for NCDs are widespread in Oman, parallel-
ing trends observed globally, and display variation across
age, sex, and employment status. The intake of fruits and
vegetables significantly varies both among and within
nations, heavily influenced by economic, cultural, and
agricultural contexts, yet remains suboptimal in many
regions [15]. Notably, over half of the Omani popula-
tion consumes fewer than the recommended five daily
servings of fruits and vegetables, and a substantial por-
tion frequently eats meals outside the home (1-3 times
per week). Furthermore, this study identified that 60% of
Omanis exceed the recommended minimum salt intake,
corroborated by a 24-h urine analysis which also indi-
cated that fewer than 10% of participants met the WHO
potassium excretion targets [16].

Consumption of fruit and vegetables may mitigate the
risk of NCDs through the enhanced availability of an
assortment of nutrients and their ability to regulate associ-
ated risk factors. It has been shown that nutrients provided
by fruits and vegetables lower blood pressure and choles-
terol which are considered risk factors for cardiovascular
disease and stroke [17, 18]. We found that a low intake of
fruits and vegetables was strongly associated with raised
cholesterol level in Omanis, however it showed no signifi-
cant effect on blood pressure. The non-significance of the
effect on blood pressure might be due to the lack of time
series data which are more capable to pick this effect than
cross-sectional data used in this study.

Dietary fibre can also help to control insulin lev-
els which could have an effect on the risk of develop-
ing type 2 diabetes [19]. Our study observed that a low
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Table 5 Prevalence of type of oil used of cooking and its correlation to biophysical and biochemical risk factors of NCDs
Type of cooking oil % (95% Cl) P value®
Column % Row %
Veg Butter Others Veg Butter Others

Age group 0.084

18-29 33.6(30.9-36.2) 40.6 (26.9-54.3) 6(249-383) 869(839-90) 523(273-7.72) 7.82(586-9.79)
30-39 25.9(23.8-28) 16.7 (9.52-24) 28.2(20.7-35.7)  88(84.9-91.1)  2.83(1.64-4.01) 9.18(6.27-12.1)
40-49 1(169-21.3) 24 (13.1-34.9) 15.1(10.9-194) 87.9(84.6-91.2) 547(2.72-822) 6.65(4.7-8.61)
50-59 8(8.99-126) 9.31(2.64-16) 10.6 (6.6-14.6) 88(83.8-922)  3.77(1.02-6.51) 8.27(5.02-11.5)

60+ 106 (896-123) 933(439-143) 145(9.87-19.1) 852(81-89.3) 3.71(1.81-5.62) 11.1(745-14.8)

Sex <0.001
Men 43.8(41.1-46.5) 389 (265-513) 462 (39-534) 87.3(85.1-89.5) 3.85(2.37-5.33) 8.82(7.16-10.5)

Women 56.2 (53.5-589) 61.1(48.7-73.5) 53.8(46.6-61) 87.3(85.1-89.5) 4.71(3.13-6.29) 7.99 (6.3-9.68)

Education level <0.001
No formal education 6(196-236) 206(129-284) 249(19.1-30.8) 86.3(83.6-89.1) 4.1 (2.66-5.54) 9.56 (7.18-11.9)
Preparatory or less 9.72 (8.3-11.1) 4(495-238) 732(43-103) 87.3 (82 A4-92.2) 642(205-10.8) 6.29(3.67-891)
Secondary completed 423 (39.6-45.1) 359 (22.7-49) 50.1(42.7-574) 86.6(84.1-89)  3.64(1.91-538) 9.8(7.98-11.6)

University + 264 (24-288)  29.1(17-41.2) 17.7(10.1-25.2) 894 (85 9-929) 4.9(2.51-7.28) 5.72(2.97-847)

Marital Status 0.162
Never married 27.9(252-306) 36(22.4-49.7) 279(21.3-346) 86.2(82.7-89.7) 553(2.76-83)  8.25(5.94-10.6)
Currently married 64 (61.2-66.8)  585(45.1-71.8)  66.6 (59.7-73.5) 87.3(85.5-89.2) 3.96 (2.78-5.14) 8.7 (7.19-10.2)
Divorced/Separated 276 (1.74-378) 1.77(-0277-381) 2.72(0449-4.98) 888 (81-96.7) 2.82(0.87-8.80) 837(13-154)

Widowed 532(41-6.53) 3.74(066-6.83) 2.74(1.06-442) 92.2(88.3-96.1) 323(0.593-5.86) 4.55(1.71-7.38)

Work status <0.001
Working in public sector 238(21.6-26) 203 (9.67-30.9) 25.5(20-30.9) 874(845-90.2) 3.7(1.57-5.82) 894 (6.95-10.9)

Working in private sector 143 (12.1-165) 10.7 (254-189) 637(3.29-945) 92.6(89.2-96) 346 (0699-6.21) 3.95(1.98-5.93)
Not working 61.9 (59.3-64.6) 69 (56.8-81.2) 68.1(62.1-742) 86.2(84-883) 4.77(3.33-6.21) 9.06(7.38-10.7)

Blood pressure 0.048
SBP <140 and DBP <90 67.9 (65.2-70.5) 744 (63.8-85) 683 (62.2-745) 869 (849-839) 4.73(3.3-6.16) 837 (6.83-9.92)

SBP > 140 and/or DBP > 90 32.1(29.5-348) 256(15-36.2) 31.7(25.5-37.8) 88.2(85.8-90.5) 3.49(1.91-5.07) 8.32(6.55-10.1)

OR currently on meds or diag-

nosed by a physician

BMI 0.019
1) BMI<30 67.3 (64.7-69.8) 694 (57.9-80.8) 57.7(50.6-64.8) 882(86.3-90.2) 4.52(3.09-5.94) 7.24(5.79-8.69)

2) Obese BMI>30 32.7(30.2-353) 30.6(19.2-42.1) 423(352-494) 855(82.8-88.1) 3.97 (2.3-5.64) 10.6 (847-12.7)

Waist to Hip Ratio <0.001
Normal 38.1(354-40.8) 40.1 (26.5-53.7)  23.7(15.5-32) 90.1 (87.2-93.1) 4.68(2.58-6.77) 5.18(3.01-7.35)
Abnormal 61.9 (59.2-64.6) 599 (46.3-735) 763 (68-84.5) 86.1(84.2-88) 4.1 (2.79-542) 9.77 (8.3-11.2)

Triglycerides 0.161
Triglycerides<1.7 787 (76.5-81) 854 (76.1-948) 814 (76.2-86.6) 86.7 (84.9-88.6) 4.67 (34-595)  858(7.19-9.97)
Triglycerides > 1.7 21.3(19-235) 14.6 (5.2-23.9) 18.6(13.4-23.8) 89.5(86.5-924) 3.04(0957-5.13) 7.49(5.28-9.7)

Total cholesterol 0.066
Total Cholesterol>5.3 299 (274-324) 263 (15.6-369) 26.6(19-34.2) 88.6 (85.6-91.6) 3.87(2.15-5.58) 7.55(4.97-10.1)

Total Cholesterol <5.3 70.1 (67.6-72.6) 73.7(63.1-844) 734 (65.8-81) 86.8 (84.9-88.6) 4.53(3.15-5.92) 8.69(7.38-10)

HDL 0.696
HDL>1.53 21.1(19-23.2) 17.3(949-25.1)  25.1(17.5-32.7)  86.6(82.9-90.3) 3.53(1.93-5.13) 9.85(6.41-13.3)
HDL<1.53 789 (76.8-81)  82.7(749-90.5) 749(67.3-82.5) 87.5(85.8-89.2) 4.55(3.22-5.88) 7.95(6.76-9.14)

Blood glucose 0.007

Blood glucose < 6.1

Blood glucose>6.1 AND < 7.0
Blood glucose >7.0 or on dia-

betes medications

73 (70.6-75.3)
11.7(10.2-13.2)
153 (13.3-17.3)

757 (66.6-84.8)
159(9.06-22.8)
837(2.24-14.5)

724 (66.5-78.3)
134 (9.13-17.7)
14.1 (9.68-18.6)

87.2(85.3-89.2)
85 (81.2-88.7)
89.6 (86.5-92.8)

449 (3.09-5.9)
5.73 (3.39-8.07)
244 (0.622-4.25)

8.28 (6.82-9.74)
932(6.32-12.3)
7.93(531-10.6)
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Type of cooking oil % (95% Cl) P value®
Column % Row %
Veg Butter Others Veg Butter Others
Smoking <0.001
Currently not smoking 944 (93.2-95.6) 90.7 (82.8-98.6)  88.7 (84.4-93) 87.9(86.3-89.5) 4.19(3.08-5.31) 7.91 (6.69-9.12)
Currently smoking 561 (439-6.84) 93 (14-17.2) 11.3(6.96-156)  785(709-86) 6.45(0911-12) 15.1(9.23-21)
Sedentary lifestyle 0.003

<2h
2-3h
>3h

224 (20.1-24.6)
35.9(33.3-38.5)
41.7 (39.1-44.4)

24.2 (14-34.4)
33.3(21.2-45.5)
42.5(29.2-55.8)

22.8(16.8-28.7)
445 (37.1-51.9)
327 (26.2-39.3)

86.9 (83.8-90)
85.9 (83-88.7)
88.9 (86.5-91.2)

4.64 (2.55-6.74)
3.94(2.25-5.63)
4.46 (2.55-6.37)

847 (6.05-10.9)
10.2 (7.86-12.6)
6.68 (5.16-8.2)

2 Chi square test was performed

Table 6 Output of regression model of Total cholesterol on dietary risk factors controlling for sociodemographic and biophysical

factors
Covariates Coefficient (x 107%) 95% Confidence intervals (x 1073) p-value
Age (years) 79 46-11.1 <0.001
Sex (M&f) 130.6 484-212.8 0.002
Marital status? 357 -21.5-930 0.221
Educational levels® -56.1 -97.6-14.6 0.008
Working status® -131.2 -180.0-82.4 <0.001
Smoking 105.7 -41.6-253.0 0.16
Eating meal out® -2239 -275.8-172.1 <0.001
Oil used for cooking® -100.8 -157.4-443 <0.001
Family history of high cholesterol (y/n) 120.5 47.1-193.8 0.001
Fruit and vegetable intake® 1258 59.1-192.5 <0.001
Waist-to-hip ratio 89.9 184-161.5 0.014
Obesity 879 19.2-156.6 0.012
Sedentary lifestyle 12.7 -52.9-783 0.704
The coefficient value signifies how much the mean of the dependent variable (total cholesterol) changes given a one-unit shift in the independent variable
(participant characteristics) while holding other variables in the model constant
2 Units in Table 1
b Units in Table 2
(a) (b) (c)
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Fig. 1 Predictive Margins of Total Cholesterol by group of main dietary risk factors (a) by having meals out; (b) by type of cooking oil; (c) by fruit

and vegetable consumption
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Table 7 Latent class marginal probabilities for dietary subgroups

(x1079)

Class Margin Standard error 95%
Confidence
intervals

1 9.95 357 4.82-1943

2 90.04 357 80.56-95.18

Table 8 Latent class marginal means for dietary habits (X 1079

Class 1 Class 2

Margin 95% Margin 95% Confidence

Confidence intervals
intervals
Eating outside the home (times per week)
Never 0.00013 58.1 533-62.8
1-3 times 79.6 68.4-87.5 32.1 28.2-36.3
4 or more 204 12.5-316 9.7 83-114
times

Number of serving of fruit and/or vegetables per day

>5 20.6 12.6-31.9 39.2 37.3-412

<5 794 68.1-87.4 60.8 58.8-62.7
Fat used for cooking

Vegetable oil  62.6 41.3-79.8 90.6 89.4-91.7

Butter 049 0-98.9 4.0 3.3-48

Other 37.0 18.6-60.1 54 45-64

intake of fruit and vegetables was not directly associated
with raised blood glucose, though by LCA we found that
among other dietary risk factors and sociodemographic
features (but not in isolation), it increases the probabil-
ity of having high blood glucose. Increased fibre intake,
in addition to high water content of fruit and vegetables,
can help reduce the risk of obesity by supporting sati-
ety and reducing hunger thereby limiting overall energy
consumption [20]. Supporting this, we found that a low
intake of fruits and vegetables was strongly associated
with an abnormal waist-to-hip ratio (abdominal obesity)
although with no significant correlation with general
obesity.

Diets which include energy-dense, highly-refined
foods and processed starches contribute to overweight
and obesity, which in turn is associated with increased
all-cause mortality and elevated risk of disease or death
from cardiovascular disease, diabetes, and various types
of cancer [21]. It does so by raising blood pressure, insu-
lin resistance, and blood cholesterol as well as hormone
levels [21]. Several determinants with regard to fruits and
vegetable consumption in various populations worldwide
have been indicated, including preferences, ethnicity,
availability, affordability and cultural variations. Most of
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those who have low intake of fruits and vegetables in the
population of Omanis are young and educated (at least
completed secondary school). This might alarm health
promotion programmes offered to this group which are
often challenging to educate and often in need for mod-
ern, updated, and innovative channels for health educa-
tion outreach. Availability and affordability might not be
an issue in a country like Oman, but a comparably low
affordability and high availability of energy dense food
might reduce the intake of fruits and vegetables [22].

Consumption of fast food frequently is largely
unhealthy and leads to weight gain, obesity, type 2 dia-
betes, and heart disease [23, 24]. Fast food typically has
a high-energy density, which, coupled with bigger por-
tions, prompts overconsumption of calories [25]. The
Cardia study done on American population suggests that
regular consumption of fast-food is positively correlated
with increased weight gain and extended risk of insulin
resistance over a 15 years’ duration. Individuals who con-
sumed fast food for more than two times per week gained
4.5 kg in weight and had an insulin resistance increase of
104% when compared to individuals eating less than one
fast food meal per week [26]. We assume that a majority
of those eating outside the home are consuming fast food
due to its higher availability and affordability. Our study
revealed that most Omanis are eating 1-3 times/week
outside the home, and are largely young and educated
males. Further analysis discovered that among those who
with prevailing high blood pressure and high waist-to-hip
ratio, most of them ate outside the home. However, on
the contrary, we found that raised total cholesterol and
raised blood glucose was associated more with those who
ate at home. This can be explained by the availability and
affordability of ready-to-make high calorie, processed
food easily prepared at home which is similar to fast food
prepared at restaurants. Other studies have also found
associations with unhealthy diets in men and younger
people [27, 28]. This could possibly be owed to the migra-
tion among the youth to the main cities for career oppor-
tunities as well as the growing popularity of diets high
in processed foods from restaurants and fast food. Fall-
ing short of the recommended minimum intake of fruits
and vegetables was the most prevalent factor related to
unhealthy diet. Further studies are warranted to assess
knowledge and attitude on their intake which could con-
tribute to establishing strategies to improve the trend of
healthy diet consumption.

Although dietary fats and fatty acids are vital nutrients,
the type of fat along with the amount consumed have
contrasting effects on overall health as well as substan-
tial implications for prevention and treatment of chronic
disease, including type 2 diabetes, cancer, respiratory dis-
eases, and multiple sclerosis [29]. Furthermore, research
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indicates that dietary fats have distinct implications [30].
The latest dietary recommendations suggest replacing
saturated fats with unsaturated fats [31]. Saturated fats,
such as butter, raises the cholesterol level, which con-
sequently increases the risk of heart disease. As per the
recommendation of the American Heart Association,
substituting saturated fats with vegetable oils (which
contain linoleic acid, a polyunsaturated fat) is presumed
to contribute in reducing cholesterol levels, improving
overall heart health. Higher levels of linoleic acid are
found in certain vegetable oils, such as sunflower and
corn, whereas others like canola and olive have lower lev-
els [32]. The healthier oil choice to be used for cooking

is still debatable. A couple of recent reports have also
obfuscated the relationship between saturated fat and
cardiovascular disease. A meta-analysis of 72 studies
with over 103,052 people revealed that there was insuf-
ficient evidence that saturated fats increased the risk of
heart disease, although replacing them with polyun-
saturated fat might actually reduce this risk [33-35].
The finding was also corroborated by other major stud-
ies which concluded that substituting saturated fat with
polyunsaturated fats such as vegetable oils or high-fibre
carbohydrates is the best approach for heart disease
risk reduction, though notably substituting saturated fat
with highly processed carbohydrates could possibly be
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Table 9 Direct and indirect effect of dietary risk factors on the main biophysical and biochemical parameters (x 1072)

Waist-to-hip ratio Total cholesterol Blood glucose High-density Systolic
lipoprotein blood
pressure
Eating outside the home (times per week)
Total 373 1061 -3.71 -2.63 033
Direct 12.70 12.15 -3.90 7.32 0.09
Indirect 373 -1.54 020 84.10 0.25
Number of serving of fruit and/or vegetables per day
Total 151 453 0.08 -2.91 0.19
Direct 730 5.15 35.00 -291 7.10
Indirect 151 -0.62 0.08 9.20 0.19
Fat used for cooking
Total 7.95 2.15 0.67 15.00 491
Direct 717 542 26.00 7.00 4.28
Indirect 0.78 -3.27 0.67 9.30 0.63

counterproductive [36—39]. Our study found that most
Omanis use vegetable oil for cooking and it is signifi-
cantly correlated with raised cholesterol and abnormal
waist-to-hip ratio. Moreover, there is a 90% probabil-
ity for any Omani to be in a class of population who are
mostly users of vegetable oil. This could signify an area
to provide targeted interventions to target this particular
class to reduce the causative NCD burden [40].

To accurately capture the complex interactions
among dietary risk factors and other potential contrib-
utors to non-communicable disease NCD development,
SEM) was employed. This methodology provided a
comprehensive view of the interrelations between soci-
odemographic, behavioral, and metabolic factors, thus
offering a nuanced representation of the diverse influ-
ences on NCD pathogenesis. The analysis revealed that
dietary risk factors exert significant roles in the devel-
opment of NCDs, both directly and indirectly affecting
key biophysical and biochemical indicators. Notably,
fruit and vegetable consumption primarily exhibited
indirect effects, except for a direct impact on choles-
terol levels. Additionally, frequent consumption of
meals outside the home directly influenced blood glu-
cose and total cholesterol levels, while the type of cook-
ing oil used was directly associated with variations in
waist-to-hip ratio, total cholesterol, and blood pressure.

This study is pioneering in its use of both LCA and
SEM to explore the heterogeneity and intricate inter-
play of dietary risk factors with other indicators in
NCD development. However, a potential limitation of
this research is the susceptibility to recall bias, as the
dietary data were collected through self-reported food
recall questionnaires, relying solely on participants’

reported intake. Another limitation was that this study
only evaluated 3 dietary habits: intake of vegetables
& fruits, eating out and type of oil as a result of data
derived from the nutrition component of the WHO
STEPS survey. Further research needs to be done to
evaluate other strong associations with detrimental val-
ues for biomarkers of disease, inflammation and pres-
ence of non-communicable diseases including but not
limited to such as high intake of sugar/carbohydrates
and insufficient intake of w3 fatty acids.

Conclusions

The detrimental impacts of behavioural and dietary risk
factors on NCDs, along with the metabolic and physio-
logical mechanisms that mediate these effects, have been
well documented through prospective cohort studies and
randomized controlled trials. Nonetheless, there remains
a critical need to delineate the disease burden attribut-
able to dietary risk factors specifically within the Omani
context, necessitating comprehensive national-level
analysis based on data indicating prevalent risk factors
among adult Omanis [41]. Our study highlighted that
the dietary intake recommendations set by the WHO
were not met for most assessed variables. Furthermore,
the results underscore the importance of developing tai-
lored health promotion strategies that incorporate inno-
vative processes and techniques tailored to the Omani
demographic.
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