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Introduction: Obesity is most common among people with low incomes in high-
income countries, although being overweight affects all socioeconomic categories.
This study evaluated the nutritional and health status and their associated variables
in low-income Saudi females.

Methods: A structured questionnaire was used to collect participants’ (153
women) sociodemographic profiles and other health data (hypertension,
diabetes, thyroid, and anemia status). Nutrient intake, anthropometric indices,
minimal dietary diversity scores (MDDS), and lipid profiles were also measured.
Chi-squared and Student-t tests were used to detect significant variation among
groups, and Spearman correlation was used to determine factors affecting the
nutritional status of women.

Results and discussion: As their sociodemographic profiles varied greatly, some
participants’ nutrient intake was significantly lower (p < 0.01) than their dietary
recommended intake (DRI). However, the anthropometric indices differed significantly
between the women with high and low MDDS (p < 0.01). The rate of females with
obesity outperformed the other groups regarding MDDS, followed by those who
are overweight. Furthermore, a significant (p < 0.001) variation in lipid profile was
observed between subjects. Despite the majority of participants having normal
cholesterol, LDL-C, and triglyceride levels, their HDL-C levels were either at high
risk or borderline risk. The majority of the participants showed no signs of anemia,
hypertension, diabetes, or thyroid issues. Interestingly, whereas education level was
negatively and significantly at (p < 0.05 or p < 0.001) linked with some anthropometric
indices, the factors age, family size, source of income, social welfare benefits, and
marital status were positively and significantly associated with some of these variables.
According to this study, low-income Saudi females face several challenges in adopting
a nutritional and healthy lifestyle, as indicated by the parameters evaluated.

KEYWORDS

low-income women, nutritional status, questionnaire, malnutrition,
sociodemographic

1 Introduction

Malnutrition and unhealthy diets are major and significant factors that increase the risk
of developing and progressing several non-communicable diseases (Branca et al., 2019).
Current international policies have recommended increasing the availability of low-cost, high-
calorie foods from staple grain crops to reduce hunger worldwide, and accordingly, this has
influenced dietary diversity and led to the supplantation of native, often healthier, diets (Branca
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et al., 2019). However, access to a variety of micronutrient-dense
foods, such as fresh fruits, vegetables, legumes, pulses (beans, peas,
and lentils), and nuts, has not yet improved equally for all (Scott,
2017). On the other hand, hazardous diets rich in salt, sugar, saturated
fats, and trans fats are becoming more widely available and cheap to
the general public (Scott, 2017).

Non-communicable diseases are considered one of the most
important health concerns in the Kingdom of Saudi Arabia with
millions projected to be impacted by 2030 (Gosadi, 2019; Hazazi and
Wilson, 2022). In this region of the world, the mortality rate due to
non-communicable diseases is estimated to be 73.2% and is considered
the leading cause of the overall burden caused by disability (Hazazi and
Wilson, 2022). Such high rates were attributed to the subject’s
behavioral and lifestyle risk factors, including the over-consumption of
an unhealthy diet (Alqunaibet et al., 2021). Several studies have shown
that many factors increase the consumption of a healthy diet (Gurewich
et al., 2020; Hill-Briggs et al., 2021; Perez-Escamilla et al., 2018; Vilar-
Compte etal., 2021). Important components are the social non-medical
health determinants such as income, housing, education, and food
security (Hill-Briggs et al., 2021). Indeed, the social determinants of
health, or differences in health status between socioeconomic groups,
are regarded to be the root causes and underlying reasons for health
disparities (Gurewich et al, 2020). Nevertheless, the nutrition
disparities are reflected as undernutrition, overweight, and obesity,
which may occur under inequitable socioeconomic situations in the
nutritional context, such as urban poverty (Perez-Escamilla et al., 2018;
Vilar-Compte et al,, 2021). In this regard, it was shown that an
individual’s income is essential in contemporary life to secure a
nutritious diet due to the global cost of living crisis (Eskandari et al.,
2022). This becomes even more crucial during an emergency, as
demonstrated by the COVID-19 pandemic, which placed a double
burden on low-income populations (Fitzpatrick et al., 2021). According
to a national study on the eating habits of the Saudi population, only a
small portion complies with dietary recommendations, and high-
income households consume more fruits than low-income households
that tend to drink more sugar-sweetened beverages (IMoradi-Lakeh
et al, 2017). This phenomenon can be explained by the higher
consumption of low-income individuals of inexpensive and highly
calorie-dense diets with poor micronutrient content (Hamedi-Shahraki
et al., 2021). Therefore, financial accessibility is one of the four
fundamental pillars of food and nutrition security, including the
availability, utilization, and stability of food. This is accomplished when
everyone, at all times, has physical, social, and economic access to
enough safe and nutritious food to satisfy their dietary needs and food
preferences for an active and healthy life (Ryckman et al,, 2021). As a
result, a lack of affordable nutrition has been connected to several
adverse health consequences, such as stress, hypertension, obesity,
diabetes, and dyslipidemia (da Silva Miguel et al., 2020).

On the other hand, women remain the most vulnerable group
worldwide regarding food-related financial difficulties as they are
“disproportionately affected by health and economic crises in several
areas of the globe” (Botreau and Cohen, 2020). Women in Saudi Arabia
are far more likely than men to suffer infectious diseases. According to a
recent study on socioeconomic disparities and related infectious disease
variables in Saudi Arabia (Hanawi and Keetile, 2021), obesity and
overweight rates were higher among females than males, 67.5 and 63.1%,
respectively. Moreover, women with lower education and less income are
more likely to develop infectious diseases. Low-income Saudi women
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receive government and charity assistance such as welfare and food
assistance (Kaiser et al., 2019). Despite this, receiving these services does
not ensure healthier outcomes. In support, it was shown that food
assistance users have higher rates of poor health outcomes (Kaiser et al.,
2019). According to the National Supplemental Nutrition Assistance
Program (SNAP), Americans, diet-related chronic disease rates and poor
dietary habits among recipients remain high despite the dramatically
reduced food insecurity rates among low-income (Verghese et al., 2019).

In the Riyadh region, the capital of Saudi Arabia, social assistance
beneficiaries counted 135,520 by the end of November 2021, with
39,124 men and 96,396 women (Derbal, 2022). Even more, divorced
and widowed women receive welfare despite living with their families
and facing fewer financial difficulties than other women (Fadaak,
2010). Also, food relief programs in Saudi Arabia are generally
delivered by non-governmental organizations rather than national
government programs (Derbal, 2022). Studies on the nutritional status
of low-income people, particularly food assistance recipients, are rare
in Saudi Arabia. Therefore, this study aimed to evaluate the nutritional
and health status of low-income Saudi females in Riyadh who are
registered in food assistance programs, as well as to identify factors
associated with their nutritional status.

2 Materials and methods
2.1 Study design and sampling

This cross-sectional study focuses on low-income Saudi women
(153 women) aged 19 to 58 years old who are receiving governmental
food assistance in Riyadh. The Al-Nadah organization assisted in the
identification of the participants. Riyadh (the capital city of
Saudi Arabia) was chosen due to its large and diverse population, as
well as being the location with the highest number of welfare
claimants. Inclusion criteria were: Saudi women aged more than
18 years old, residing in Riyadh, and receiving food assistance. The
cross-section study’s accuracy and prevalence of satisfaction were
considered while calculating the sample size, and participants were
chosen using inclusion and exclusion criteria. Women who refused to
sign the informed consent form or had particular features, such as
pregnancy or a mental or physical handicap, were excluded because
they had specific requirements and were more likely to experience
additional problems that might interfere with the results. In
accordance, 153 women who fit the inclusion criteria were included
in the study. The data collection was broken down into three sections:
(1) interviewing and measurements of anthropometric parameters;
(2) blood sampling and collection; and (3) a health awareness
campaign including dietary and health habits by medical professionals.

To detect a median-sized main effect with a statistical power of
1—-4=0.80 (i.e., if the effect exists, there is a 80% chance of detecting
a true positive), a two-tailed test with an a of 0.05 (i.e., there is a 5%
risk of discovering a false positive) was used. To determine the
required N, the three main parameters (anticipated d, target power,
and o) were entered into G*Power, which utilized the following
formula (Faul et al., 2007)

4x( Zi-ar2=0.005 + Z1-p=0.90 )2
d(condition)2

N=
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Where Z o2 - 0025) = 1.96 and Z, - 50 = 0.84 are the critical Z values
associated with a two-tailed test with a=0.05 and 1 — 3 =0.80,
d =0.50, respectively. We simply assumed that the intervention
worked as expected, and a sample size of 125 participants gave us a
80% probability of observing the median-sized (or larger) effect of the
condition with p < 0.05.

2.2 Sociodemographic and health
information

A structured questionnaire and face-to-face interviews were
delivered to all participants to collect information about age, family
size, educational level, marital status, monthly income, social welfare
benefits received, and/or any other financial assistance obtained. The
questionnaire was also used to collect participants” history of any
chronic disorders such as hypertension, diabetes, thyroid, and anemia
and compare it with the existing medical report. All data were
gathered by certified researchers.

2.3 Anthropometric measurement

A multiple-frequency ACCUNIQ BC360 body composition
analyzer (SELVAS Healthcare Inc., Daejeon, Korea) was used to
measure anthropometric parameters as per the manufacturers’
instructions. Parameters analyzed were such as the percentage body
fat (PBF), BMI, and visceral fat (VF) (in duplicate). A non-stretchable
meter was used to gauge each subject’s height (H), hip circumference
(HC), and waist circumference (WC). The waist-to-height ratio
(WHIR) was computed by dividing WC over H, and the waist-to-hip
ratio (WHR) by dividing WC over HC. BMI was computed as a
weight-to-height ratio in Kg/m2. The classifications of the BMI,
WHIR, and WHR were performed following previous studies (Ashwell
etal.,, 2012; WHO, 2000, 2008).

2.4 Lipid profile of participants

A venous blood sample (10 mL) was drawn from each participant
at 8 to 12 h fasting. Samples were taken at two different times between
11 a.m. and 1 p.m. to eliminate the effects of timing and dietary intake
on the measured biochemical parameters and to ensure consistent
fasting duration at both times. All samples were transported to the
laboratory in sterile capped tubes and put in an ice container.
Thereafter, they were centrifuged (3,000 rpm/15 min) to collect
serum. The collected serum samples were preserved at —80°C until
biochemical analysis. Serum levels of cholesterol, HDL-C, LDL-C, and
triglyceride were assessed using Roche Cobas 6,000 equipment
(model ¢ 501/Germany) according to the manufacturer’ instructions.

2.5 Assessment of minimum dietary
diversity for women

Because it has been found to predict appropriate nutrient intake

(Kennedy et al, 2011) and can be used as a proxy indicator for
determining nutrient adequacy among pregnant females (Wen
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etal, 2010), the minimum dietary diversity for women (MDD-W)
was used to assess the overall dietary quality of participants. The
MDD-W indicator is based on the WDDS-10, a 10-food-group
women’s dietary diversity score. Starch staples (grains, roots, and
tubers), pulses/legumes, nuts and seeds, dairy, flesh foods (meat,
fish, and poultry), eggs, dark leafy greens and vegetables, vitamin
A-rich fruits and vegetables, other vegetables, and other fruits were
among these food groups. The WDDS (Wen et al., 2010), based on
a 24-h dietary recall period, was used to define the average normal
food intake of pregnant women in the research area. The women
were asked to recall all foods consumed from the above food groups
on the previous day. Responses were recorded as “yes” or “no” A
“yes” response was scored as 1, and a “no” response was scored as
0. The scores were summed up to indicate the women’s DD score.
Based on the MDD-W, the dietary scores were considered as low or
high diversity. Women with a diversity score of less than 5 were
classed as having low dietary variety, whereas women with scores
of 5-10 were classified as having high dietary diversity (FAO, 2016.).

2.6 Dietary intake measurement

For 1 day, 24-h dietary recall (24HDR) was completed by face-to-
face interviews for all items consumed the previous day, including
breakfast, lunch, dinner, and snacks, using an authorized structured
questionnaire. Dietitians and trained researchers recorded dietary
intake, assisting participants in reporting accurate serving size
measurements using standard measures, such as a teaspoon,
tablespoon, cup, gram, or liter, and encouraging participants to provide
detailed information about food types, cooking methods, food product
brand names, and food additives. Following each interview, the data
were examined to establish adequacy and to identify any missing or
confused information. According to AlZoubi et al. (2021), the dietary
data were analyzed using a software application for nutritional research
and therapeutic purposes (ESHAs Food Processor® Nutrition Analysis).
The resulting energy and nutritional values were compared to the DRI
using a Student two-tail t-test as defined by Meyers et al. (2006).

2.7 Statistical analysis

The statistical analysis was carried out using the Statistical Package
for Social Sciences (SPSS, version 25) (SPSS Inc., Chicago, IL,
United States). The sociodemographic variables, anthropometric
indices, and blood parameters of research participants were reported
as frequencies and percentages. A chi-squared test was conducted to
determine if there were significant differences within the group. The
mean and standard deviation (SD) of continuous data were calculated.
The subjects’ dietary intake and DRI mean values were compared
using a one-sample Student’s two-tailed t-test. The cutoff for
significance was set at p < 0.05 or p < 0.001. The Fisher exact test was
calculated to test the association between MDD-W food group
consumption and MDD-W score. To determine the risk factors for
low-income Saudi females, bivariate analysis was used. The
relationship between anthropometric measurements (BMI, PBE, VE,
WHR, and WHtR) and sociodemographic factors (age, family size,
monthly income, source of income, social welfare benefits, education,
and marital status) was investigated using Spearman correlation.
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3 Results

3.1 Demographic characteristics and
dietary intake of participants

Table 1 shows the sociodemographic characteristics of the
participants. A real positive statistical power has an 80% probability
of being detected, according to a G-power study of 125 individuals.
However, 153 eligible participants agreed to be involved in this study
after being approached. Sociodemographic factors generally differed
significantly (p < 0.01) between participants. Females aged 39 to 48
(45.8%) outnumbered those aged 29 to 38 (37.3%). Families with 5-7
members were the most common (45.8%), followed by those with 2
to 4 members (28.1%).

The majority of females have temporary occupations and rely on
assistance for income (50.33%), followed by those with no monthly
income (45.8%), those who exclusively get assistance (43.14%), and
those with incomes ranging from 3,000 to 5,000 SR (24.8%). The
participants’ social welfare benefits varied, with the majority (41.18%)
receiving 500-2,500 SR, 83.01% receiving no alimony, and more than
half enrolling in The Citizen Account Program. Most females (68.63%)
reside in rented apartments, while the remaining (22.22%) live in their
own homes free of debt, and 9.15% do so with debt. A high school
diploma or lower is the level of education held by 84.31% of females,
while a bachelor’s degree is held by 11.11%. Women who were married
(39.22%) and divorced (58.82%) represent the two major groups. Only
22.88% of women were employed, compared to 77.12% who were
unemployed. According to Table 1, the bivariate analysis revealed a
significant (p < 0.001) association between participants’ dietary
diversity for women and the sociodemographic factors. It revealed
that the proportion of women with lower dietary diversity scores
significantly increased with decreased socioeconomic benefits. It was
high in the women who have no monthly income, hold temporary
employment or receive assistance, are not receiving Alimony, are
enrolled in The Citizen Account Program, live in an apartment (rent),
have a low education level, and are divorced and unemployed.

The average nutritional consumption is compared to the DRIs in
Table 2. The results demonstrated that the low-income Saudi female’s
overall real intake of macro- and micronutrients fell short of the
recommended dietary requirement. Protein, fiber, minerals, vitamins,
cholesterol, and thiamin intake were significantly (p < 0.01 or p < 0.05)
lower than the daily essential quantity. However, calories, carbohydrates,
and total fat were significantly higher than the DRI, while unsaturated
fat intake was high but did not differ significantly from the DRI

3.2 Anthropometric characteristics of
participants

The females” anthropometric indices (BMI, PBE, VE, WHR, and
WHIUtR) were calculated, and the results are displayed in Table 3.
According to the statistics, there was a significant (p <0.01)
difference in BMI categories among the individuals. Females with
obesity, whether I, I, or III (62.8%), outperformed the other groups,
followed by those with overweight (24.18%). Bivariate analysis
revealed a significant (y*=45.37; p <0.05) positive connection
and women’s

between BMI categories minimum dietary

diversification. Because the distribution of adipose tissue varies
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between individuals, BMI as a measure of a respondent’s obesity may
not always precisely indicate the degree of a respondent’s visceral fat
level. As a result, in this study, in addition to using BMI as an
indicator, PBE, VE, WHR, and WHtR were measured to provide a
comprehensive assessment of a female’s nutritional status. In terms of
PBE there was a significant (p < 0.01) variance in PBF categories
across participants, with more than half of the participants (50.3%)
having a very high PBE, followed by those with a high PBF (31.8%).
The findings revealed a strong and positive relationship between the
PBE VE, WHR, and WHtR categories and women’s mini-mum
dietary diversity. However, the data showed that 64.1% of participants
had normal VE whereas 30.1% had high VE

Table 4 shows the MDD-W food group intake by BMI category
as well as the total MDD-W score. Each participant’s consumption of
10 food groups was measured to establish an MDD-W score.
Low-income Saudi females with MDD-W scores >5 consumed more
vegetables and fruits than women with MDD-W scores <5 (Table 4).
Overall, 52.8% of participants did not meet the minimal dietary
variety requirement, and only 47.2% had MDD-W scores. With few
exceptions, the majority of obese female participants did not consume
pulses, such as beans, peas, lentils, nuts, and seeds, as well as dark
leafy greens and vegetables, various fruits and vegetables high in
vitamin A, and other meals. Pulses were consumed by only 8.5% of
participants with minimum dietary diversity and 5.8% with poor
nutritional diversity scores. Meat, fish, and poultry were more
popular than eggs. Figure 1 depicts multiple regression analyses
between WHR and WHtR and participants BMI, PBE and
VE Multiple regression analyses of BMI, WHR, and WHtR
(Figure 1A) revealed a positive connection (R* = 0.738), indicating
that an increase in WHR or WHIR is associated with an increase in
BMI. Furthermore, a relationship between PBE, WHR, and WHtR
(Figure 1B) revealed that a rise in WHR or WHIR increased PBF
(R?*=10.512), as well as an increase in VF (R*> = 0.697).

3.3 Lipid profile and health characteristics
of participants

Table 5 depicts the basic hematological features of low-income
Saudi females. According to the findings, a significant (p < 0.001)
variance in cholesterol levels was noted across participants. The
majority of participants (61.4%) had normal cholesterol, whereas
4.6% had high cholesterol. HDL-C levels were either high (47.7%) or
normal (47.1%), with a significant (p < 0.001) difference between
groups. However, most females (70.6%) had normal LDL-C levels,
and those with normal levels (24.2%) came in second. There was also
a significant (p < 0.001) difference between categories. There was a
significant (p < 0.001) difference in the triglyceride levels of the
subjects. Most participants (83.0%) had low levels, while 11.76% had
normal levels. The majority of participants (88.9%) did not have
hypertension, diabetes, thyroid problems (96.1%), or anemia (93.5%).

3.4 Associated factors of nutritional status
of participants

Table 6 highlights some of the associated parameters expected to
influence the nutritional state of low-income Saudi females. The data
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TABLE 1 Demographic characteristics of participants (n = 153) and bivariate analyses of factors associated with women'’s minimum dietary diversity
(MDD-W).

Demographic Frequency Chi-square  p-value  (<5) F (%) (>=5) F (%) Chi-square
characteristics test®
Age
19-28 7 46
29-38 57 373
39-48 70 45.8 70.77 <0.001
49-58 19 124
Family size
2-4 43 28.1 29 (67.4) 14 (32.6)
5-7 70 458 41 (58.6) 29 (41.4) ¥2=56.33
8-10 35 229 56.12 <0.001 22 (62.9) 13 (37.1) p<0.001
11-13 5 33 2 (40.0) 3(60.0)

Family’s monthly income

There is no income 70 45.8 38 (54.3) 32 (45.7)
SAR < 1,000 4 2.6 3 (75.0) 1(25.0) ¥* =43.50
SAR 1000 < 3,000 14 9.2 85.07 <0.001 8(57.1) 6 (42.9) p<0.018
SAR 3,000 < 5,000 38 24.8 28 (73.7) 10 (26.3)
>SAR 5,000 27 17.6 17 (63.0) 10 (37.0)

Source of income

Job 10 6.5 6 (60) 4 (40) ¥’ =50.63
Assistance 66 43.1 50.63 <0.001 34 (51.5) 32 (48.5) p<0.001
Both job and assistance 77 50.3 54 (70.1) 23(29.9)

Social welfare benefits

Nothing 47 30.7 29 (61.7) 18 (38.3)
SAR < 500 2 1.3 52.57 <0.001 2 (100.0) 0(0.0) ¥ =52.57
SAR 500 < 2,500 63 41.2 42 (66.7) 21(33.3) P <0.001
SAR 2,500-5,000 41 26.8 21(51.2) 20 (48.8)
Alimony
Nothing 127 83.0 79 (62.2) 48 (37.8)
SAR < 500 0 0.0 173.06 <0.001 0 0(0.0) ¥ =17.36
SAR 500 < 2,500 22 14.4 12 (54.5) 10 (45.5) P <0.001
SAR 2,500-5,000 4 2.6 3(75.0) 1(25.0)

The Citizen Account Program’*

Nothing 44 28.8 26 (59.1) 18 (40.9)
SAR <500 7 4.6 114.43 <0.001 6(85.7) 1(14.3) %% =39.60
SAR 500 < 2,500 90 58.8 57 (63.3) 33 (36.7) p<0.001
SAR 2,500-5,000 12 7.8 5(41.7) 7 (58.3)

Housing
Apartment (rent) 105 68.6 64 (61.0) 41 (39.0) %% =59.69
Homeownership (without loan) 34 222 89.67 <0.001 24 (70.6) 10 (29.4) p<0.001
Homeownership (with loan) 14 9.2 6(42.9) 8(57.1)

Education
Secondary school and below 129 84.3 78 (60.5) 51 (39.5) ¥*=42.30
Diploma 7 4.6 179.92 <0.001 5(71.4) 2(28.6) p<0.001
Bachelor 17 11.1 11 (64.7) 6(35.3)

(Continued)
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TABLE 1 (Continued)

Demographic Frequency % Chi-square = p-value (<5) F (%) (>5) F (%) Chi-square

characteristics test®

Marital status
Married 60 39.2 37 (61.7) 23 (38.3) ¥ =19.63
Divorced 90 58.8 54 (60) 36 (40) P <0.001
Single 2 1.3 153.01 <0.001 2(100.0) 0(0.0)
Widow 1 0.7 1(100.0) 0. (0.0)

Occupation
Unemployed 118 77.1 70 (59.3) 48 (40.7) ¥ =45.03
Employed 35 22.9 45.03 <0.001 24 (68.6) 11 (31.4) P <0.001

a Two different types of chi-square tests were calculated and reported.

*The Citizen Account Program was established to protect Saudi families from the expected direct and indirect impact of various economic reforms, which may cause an additional burden on
some segments of society. The program redirects government benefits to eligible groups to encourage rational consumption and ensure that support is directed effectively to different eligible
groups, as support will be provided in cash and transferred directly to eligible beneficiaries.

TABLE 2 Average daily intake of nutrients as compared to the dietary requirement intake (DRI).

Nutrients DRI Mean intake Difference t-test p-value
Calorie (kcal) 1800 2101.75 301.75 33.70 0.001
Protein (g) 46 38.61 -7.39 —4.14 * 0.031
Carbohydrate (g) 130 142.82 12.82 2.03* 0.044
Fiber (g) 25 7.16 —17.84 —38.59 <0.001
Fat (% kcal) 30 38.07 11.15 8.07 * 0.050
Saturated fat (g) 20 11.25 —8.75 —1222% 0.034
Unsaturated fat (g) 45 46.15 1.15 0.407 0.685
Cholesterol (mg) 300 170.37 —129.63 -11.13 <0.001
Calcium (mg) 1,000 344.71 —655.29 —33.58 <0.001
Iron (mg) 18 5.52 —12.48 —53.52 <0.001
Magnesium (mg) 320 76.27 —243.73 —55.12 <0.001
Phosphorus (mg) 700 388.34 —311.66 —14.94 <0.001
Potassium (mg) 2,600 887.77 —-1712.23 —34.41 <0.001
Sodium (mg) 2,300 1466.34 —833.66 —11.61 <0.001
Zinc (mg) 8 2.59 —5.41 —1.91* 0.015
Vitamin A (mcg RAEd) 700 209.96 —490.04 —20.74 <0.001
Vitamin E (mg ATd) 15 1.90 —13.1 -9.56 <0.001
Vitamin D (mcg) 15 513 -9.87 —3.34 % 0.040
Vitamin C (mg) 75 30.32 —44.68 —15.07 <0.001
Vitamin K (mcg) 90 39.79 —50.21 —14.11 <0.001
Thiamin (mg) 1.1 0.496 —0.604 0.435 * 0.039
Riboflavin (mg) 1.1 0.715 —0.385 —0.281 0.238
Niacin (mg) 14 8.65 —5.35 —4.15 * 0.026
Vitamin B-6 (mg) 13 0.524 —0.776 —0.561 * 0.050
Vitamin B-12 (mcg) 2.4 1.29 —1.11 —0.651 * 0.019
Folate (mcg DFEd) 400 113.19 —286.81 —45.53 <0.001
Choline (mg) 425 110.16 —314.84 —41.11 <0.001

Difference = mean—DRI.
* t-test, p < 0.05.
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TABLE 3 Distribution frequency of anthropometric parameters (BMI, WC, WHR, FM, VF), and bivariate analyses of factors associated with women's
minimum dietary diversity (MDD-W).

10.3389/fsufs.2025.1510426

Anthropometric Frequency Percent Chi-square MDD-W Chi-square test®
GG S <SF  5F®%)
Body mass index (BMI)
Underweight (<18.5) 2 1.3 2 (100.0) 0(0.0)
Normal (18.5-24.9) 18 11.8 12 (66.7) 6(33.3)
Overweight (25-29.9) 37 242 54.09 19 (51.4) 18 (48.6) ¥* = 4537 *
Obesity I (30.0-34.9) 52 34.0 p=0.010 32(61.5) 20 (38.5) P =0.049
Obesity IT, III (>35) 44 28.8 29 (65.9) 15 (34.1)
Total 153 100.0
Percent body fat (PBF)
Low (<21) 0 0.0 0(0.0) 0(0.0)
Normal (21-35.5) 28 18.3 15 (53.6) 13 (46.4) X’ = 47.02
High (35.6-40) 48 31.4 23.80 28 (58.3) 20 (41.7) P <0.001
Very high (>40) 77 50.3 p=0.007 51 (66.2) 26 (33.8)
Total 153 100.0
Visceral fat (VF)
Low (<10) 4 2.6 4(100.0) 0(0.0)
Normal (10-14.9) 98 64.1 57 (58.2) 41 (41.8) x> =13.05
High (15-20) 46 30.1 154.48 29 (63.0) 17 (37.0) P <0.001
Very high (>20) 5 33 P =0.001 4(80.0) 1(20.0)
Total 153 100.0
Waist-to-height ratio (WHtR)
Underweight (<0.41) 1 0.7 1 (100.0) 0(0.0)
Normal (0.42-0.48) 11 7.2 5 (45.5) 6 (54.5) X =22.77
Overweight (0.49-0.53) 19 12.4 181.54 13 (68.4) 6 (31.6) P =0.002
Very overweight (0.54-0.57) 27 17.7 p =0.001 16 (59.3) 11 (40.7)
Obesity (>0.58) 95 62.1 59 (62.1) 36 (37.9)
Total 153 100.0
Waist-to-hip ratio (WHR)
Low (<0.80) 66 43.1 44 (66.7) 22(33.3) ¥:=22.56
Normal (0.81-0.85) 45 29.4 6.71 25 (55.6) 20 (44.4) p=0.021
High (>0.86) 42 27.5 p=0.035 25 (59.5) 17 (40.5)
Total 153 100.0

Two different types of chi-square tests are calculated and reported.

analysis using Spearman correlation coefficient analysis revealed
positive or negative correlations between female anthropometric
proxies as dependent variables and demographic factors as
independent variables. As proxies, females’ nutritional status was
assessed using BMI, PBE, VE, WHR, and WHtR. Females’ age was
shown to be positively and strongly (p < 0.05 or p < 0.001) related to
all anthropometric indices. All anthropometric indicators except PBF
are positively and significantly (p < 0.05) linked with participant
family size. The participants’ source of income and social welfare
benefits were positively and significantly (p < 0.05) linked with BMI,
WHR, and WHtR. Females education level was found to
be significantly (p < 0.05 or p < 0.001) and inversely related to BMI,
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VE WHR, and WHtR. Females marital status was found to
be positively and significantly (p < 0.05) related to BMI, WHR, and
WHItR. On the other hand, females’ occupation was related to all
dependent variables, although the relationship was not
statistically significant.

4 Discussion

In this study, we have explored the nutritional and health status
and associated characteristics of low-income Saudi females
participating in food assistance programs in Riyadh. According to the
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TABLE 4 MDD-W food group consumption according to total MDD-W score.

Food group BMI category (n = 153 women)
Underweight Normal weight Overweight Obese Overall

<5F (%) >5F(%) <5F(%) >5F(%) <5F(%) >5F(%) <5F(%) >5F(%) <5F(%) >5F (%)
Grains, roots, and 2(2.1) 0(0.0) 12 (12.8) 6(10.2) 19 (20.2) 18 (30.5) 61(650) = 35(59.32) = 94(61.4) 59 (38.6)
tubers
Pulses 0(0.0) 0(0.0) 1(11.1) 2(15.4) 3(33.3) 2(15.4) 5(55.6) 9 (69.2) 9(5.9) 13 (8.5)
Nuts and seeds 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 3 (50.0) 0(0.0) 3 (50.0) 1(0.7) 6(3.9)
Dairy 1(2.0) 0(0.0) 7 (14.0) 5(9.8) 13 (26.0) 16 (31.4) 29 (58.0) 30 (58.8) 50 (32.7) 51(33.3)
Meat, poultry, and 2(2.9) 0(0.0) 9 (12.9) 6(11.1) 18 (25.7) 17 (31.5) 41 (58.8) 31(57.4) 70 (45.8) | 54(35.3)a
fish
Eggs 2(1L.1) 0(0.0) 2(11.1) 4(10.5) 3(16.8) 15 (39.5) 11 (61.1) 19 (50.0) 18(11.8) = 38(24.8)a
Dark leafy greens and 0(0.0) 0(0.0) 0(0.0) 2(222) 0(0.0) 2(222) 1(100.0) 5 (55.56) 1(0.65) 9 (5.9)a
vegetables
Other Vitamin A-rich 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 1(100.0) 1(100.0) 1(0.65) 1(0.7)
fruits and vegetables
Other vegetables 1(2.0) 0(0.0) 6(12.2) 6 (12.0) 6(12.2) 15 (30.0) 36 (73.5) 29 (58.0) 49 (32.0) | 50(329)a
Other fruits 0(0.0) 0(0.0) 3(14.3) 4(11.8) 5(23.8) 8(23.5) 13 (61.9) 22 (64.7) 21(13.7) 34(22.2)

Values indicate the corresponding overall MDD-W score and consumption of a particular food category.
* Indicates that individuals who eat food from fewer than five food categories were less likely to consume this specific food group than those who consumed food from equal to or more than five food

groups. Overall intake comparisons between people consuming fewer than five food groups against those consuming equal to or more than five food groups were examined using Fisher’s exact test.

data, the frequency distribution of low-income Saudi females based
on sociodemographic factors revealed that the rates of participants
differed in all categories, as evidenced by the chi-square test. The
results showed that the majority of women between the ages of 39 and
48 had more than 5 family members, a reasonable monthly income
from either direct labor or donations, or both. The majority of them
were also divorced and had poor education (secondary education or
lower). These sociodemographic variations might be explained by
variations in tribes and living conditions. Bivariate analysis revealed a
significant and positive relationship between participants’ dietary
diversity scores and women’s sociodemographic traits.

It was found that the proportion of women with lower dietary
diversity scores increased significantly with decreased socioeconomic
benefits because the majority of the population now obtains food
commercially through markets due to a decline in smallholder
agriculture, and as a result, most poor communities are at high risk
of micronutrient deficiency due to a lack of fruits and vegetables.
Furthermore, due to high unemployment, rising food prices, and
agricultural abandonment, such participants are unable to consume
a more varied diet, leaving them overly dependent on market
purchases, resulting in low-nutrient diets that silently contribute to
hidden hunger (Otunchieva et al., 2022). According to Jayawardena
et al. (2013), dietary diversity is connected with numerous
sociodemographic factors and obesity among Sri Lankan adults.
Moreover, Olatona et al. (2021) found that healthy dietary habits and
a high nutritional diversity score were associated with low parity and
a higher socioeconomic status among Nigerian women. A Chinese
study also showed that dietary diversity is connected with general and
central obesity in adults, excessive energy intake, and the
micronutrient deficits of diversified diets. Although dietary diversity
is widely advocated, public health communications should emphasize
improving moderate and balanced dietary diversity in specific food
categories (Zhang et al., 2017).
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The findings of this study revealed a low level of nutrient intake
compared to DRI, which is consistent with the results of the recent
findings of Alageel et al. (2023). Those authors concluded that
maintaining a healthy lifestyle is heavily influenced by both social
and physical barriers, such as the high cost of maintaining a healthy
lifestyle and time constraints. The low-income women’s inadequate
nutritional consumption is comparable with previous related studies.
In this context, a recent Saudi health survey indicated that only 7%
of Saudi women have the recommended fruit and vegetable servings
in their diet (Bakhsh et al., 2021). In addition, low-income women
are less likely than males to meet the recommended dietary limit for
most macronutrients and micronutrients (Ma et al., 2021). In order
to explain this, Sawyer et al. (2021) found that a number of socio-
ecological factors influence dietary determinants. These factors
include resources, household finances, geographic accessibility, and
other individual, societal, and cultural influences that interact with
the food environment of low-income populations. Furthermore, a
study conducted on low-income women in Jeddah City,
Saudi Arabia, discovered that participants who are receiving
financial and food assistance might struggle to secure a balanced
diet, with half of the study sample being food insecure (Hanbazaza
and Mumena, 2022). The majority of women who were included in
this study live in leased homes or pay housing mortgages and other
living expenses, which further limit food affordability. This is in the
same line with other previous findings (Fafard St-Germain and
Tarasuk, 2020). A systematic review and meta-analysis were
conducted to investigate the relationships between anemia risk and
food insecurity; the results revealed that particular sub-groups
(adult women, infants, and toddlers) in food-insecure households
are at a higher risk of anemia (Moradi et al., 2018). Furthermore,
being a woman, food insecure, living alone, and other influencing
factors were discovered to place women at a higher risk of
malnutrition (Ganhdo-Arranhado et al., 2018). Another study that
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examined the relationship between poverty, calcium/vitamin D
consumption, and osteoporosis discovered that being poor increased
the likelihood of insufficient calcium intake in all participants with
a higher risk of inadequacy among both men and women (Marshall
et al., 2020).

In terms of anthropometric measurements, the participants’ BMI,
PBE, and WHIR were all higher than the normal range in our study
population. These results are consistent with previous reports, which
showed that low-income women were significantly more likely to
have obesity as compared to aged-match males (Ma et al., 2021).
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According to Park and Strauss (2020), the association between food
insecurity and body weight has been extensively studied. However,
there is no consensus on this link, and research suggests that food
insecurity may be a risk factor for obesity. A systematic review and
meta-analysis of 31 studies from 14 different countries revealed a
severe level of household food insecurity might be related to the risk
of being overweight or obese among adults, with women having a
higher risk of obesity than men (Moradi et al., 2018). In contrast,
Alazzeh et al. (2018) found that lower-income individuals were less
likely to be obese.
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TABLE 5 Frequency distribution of lipid profiles and health information of participants.

Lipid profile category Frequency Percent Chi-square
Cholesterol (mmol/L)
Normal (2.0-5.2) 94 61.4
Borderline (<5.2) 52 34.0 74.24 <0.001
High risk (> 5.2) 7 4.6
Total 153 100.0
HDL-C (mmol/L)
Normal (0.83-2.49) 8 52
Borderline (<2.49) 72 47.1 54.39 <0.001
High risk (> 2.49) 73 47.7
Total 153 100.0
LDL-C (mmol/L)
Normal (3.9-4.9) 108 70.6
Borderline (<4.9) 37 242 103.80 <0.001
High risk (> 4.9) 8 5.2
Total 153 100.0
Triglycerides (mmol/L)
Normal (0.34-2.28) 127 83.0
Borderline (<2.28) 18 11.8 170.86 <0.001
High risk (> 2.28) 8 5.2
Total 153 100
Hypertension
Suffered 17 11.1
Normal 136 88.9 92.56 <0.001
Total 153 100.0
Diabetes
Suffered 17 11.1
Normal 136 88.9 92.56 0.001
Total 153 100.0
Thyroid
Suffered 6 3.9
Normal 147 96.1 129.94 0.004
Total 153 100.0
Anemia
Suffered 10 6.5
Normal 143 93.5 115.61 <0.001
Total 153 100.0

Dover and Lambert (2016) reviewed the literature on social
determinants of health concerning food security, obesity, and food
intake to address the intricacy of decision-making in health behavior.
They asserted that there are always restrictions and limited choices
regarding food consumption. They attributed this to numerous
uncontrollable factors such as food availability, food system equity,
and the availability of food and nutrition interventions and policies.
Along the same line, Caamario et al. (2019) investigated the effect of
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eating valuation and satiation on food insecurity, diet, obesity, and
cardiometabolic disease. They emphasized that in developing
countries, where energy-dense meals that are low in nutrient content
are widely available, there is a desire to prolong satiation due to a fear
of feeling hungry. This data underscores the complexities of the food
insecurity experience and the significance of designing public health
policies that include a deeper knowledge of the reasons, behaviors,
and feelings associated with food insecurity. For example, a study
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TABLE 6 Spearman correlation coefficients between sociodemographic factors and anthropometric indices of participants.
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Abbreviations: BMI, body mass index; PBE, percent body fat; VE, visceral fat; WHR, waist to hip ratio; WHIR, waist to height ratio.
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discovered that psychological stress modulates the association
between neighborhood poverty and increases in central adiposity
over time (Kwarteng et al., 2017).

The findings of this study also revealed a significant and positive
link between the PBE, VE, WHR, and WHIR categories and women’s
minimum dietary diversity. According to the study by Kornatowski
and Comstock (2018), women who did not reach the requisite dietary
diversity were less likely to consume fruits and vegetables than women
who did meet the necessary dietary diversity (Azadbakht and
Esmaillzadeh, 2011). They also consumed low nutrient-density items.
In contrast to these findings, Azadbakht and Esmaillzadeh (Azadbalkht
and Esmaillzadeh, 2011) discovered an inverse relationship between
dietary diversity score and obesity. In general, dietary diversity is
regarded as a problem for women in poor and middle-income
countries (Chakona and Shackleton, 2017). However, different
approaches to analyzing food patterns yield similar results from
different datasets (Liese et al, 2015). The MDD-W score, an
established way of assessing dietary consumption at the population
level, reduces participant and researcher burden.

According to the current findings, the majority of the participants
had normal cholesterol levels, low levels of HDL-C, normal LDL-C, and
triglycerides. Interestingly, the majority of them showed no signs of
hypertension, diabetes, thyroid problems, or anemia. In addition to
obesity-linked poverty, dyslipidemia was found to be relative in this
study, with lipid cholesterol being within the healthy range but HDL-C
being significantly either at the borderline or high risk. These data
correspond with other recent studies that reported a positive association
between low income and HDL-C levels in adults and women (Liese
etal., 2015). Research on Korean men and women found that the lower-
income group had a higher prevalence of low HDL-C levels for both
genders (Cho, 2022). In addition, this study revealed that women have
a stronger direct link between poverty and low HDL-C levels than men
due to a variety of variables, including aging (Cho, 2022). This link could
be related to exercise and eating habits, as lower socioeconomic groups
are less likely to exercise consistently and more likely to consume fast
foods due to financial restrictions. In support, lifestyle has been linked
to reduced HDL-C levels and an increased risk of metabolic syndrome
(Bahadoran et al., 2013). A thorough review, however, showed no link
between food insecurity and dyslipidemia (Arenas et al., 2022).

The significant positive correlation between the independent
variables (sociodemographic variables) and the dependent variables
(anthropometric indices) of participants indicates that independent
factors such as age, family size, monthly income, source of income,
social welfare benefits, and marital status are positively correlated with
some or all anthropometric characteristics (BMI, PBE, VE WHR, and
WHIR). However, the participants’ education level was inversely
correlated with womens anthropometric characteristics, primarily
because the females’ education level was poor. Vajdi and Farhangi
(2020) discovered that education is more likely associated with a
healthier eating pattern, although age was positively connected with
“healthy” dietary patterns. A study found a negative relationship
between education and obesity, indicating that the burden of obesity is
common among individuals with less education (Sakboonyarat et al.,
2020). On the other hand, Mohajeri et al. (2020) discovered an inverse
connection between education and general and abdominal obesity in
Ardabil-Iran adults. Furthermore, compared to their counterparts,
women with a higher level of education are more likely to engage in
preventative health behaviors such as regular exercise and having a
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healthy diet and are less likely to have high parity, which is connected
with overweight and obesity (Cooper et al., 2021). However, Otunchieva
et al. (2022) showed no statistically significant link between dietary
diversity and women’s education, as well as a very slight negative
correlation between specific nutrient adequacy ratios and education.
They also stated that the results relate to income. This is mostly because
educated women are more likely to work and receive better
compensation, which may have a negative impact on their diet.

Among other socioeconomic factors, the results of this study
revealed a significant and negative relationship between education
level and obesity parameters, as reported by Witkam et al. (2021).
Salem et al. (2022) found similar results in the relationship between
education level and obesity in Saudi women, as well as in both Saudi
genders (Mosli et al., 2020) and non-Saudi women (Chung and Lim,
2020). This can be explained by the impact of education on living and
working conditions as well as social and community networks, which
in turn impact individual lifestyle factors and health. Therefore, the
educational level is a significant predictor of socioeconomic position
and life chances throughout adulthood (Witkam et al, 2021).
Supporting these data, Schvey et al. (2019) studied the association
between age and BMI. They discovered that while BMI increases with
age until the seventh and eighth decades of life, the average gains are
the largest in younger persons. According to Basto-Abreu et al.
(2018), BMI increases in adolescence and decreases in the elderly.
Moreover, Lawson et al. (2016) discovered that high income increases
females’ BMI and other anthropometrics, especially in wealthy
countries due to high caloric intake and reduced physical activity.
Because the study participants have lower nutrient intake, greater
rates of obesity, and lower HDL levels, they are more likely to develop
diet-related diseases. In terms of income, for example, a study
discovered an elevated risk of sudden cardiac mortality and nonfatal
myocardial infarction in low-income cohorts that persisted even after
adjusting for smoking and alcohol characteristics (Simoni
etal., 2022).

Low-income people may have the motivation and knowledge to
improve their lives, but change is hindered by modifiable social factors
(Alageel etal., 2023). According to Alageel et al. (2023), women are at
higher risk of dietary disparities, which motivates us to address this
issue through a holistic intersectionality strategy, which has been
applied and demonstrates promising results. Furthermore, a recent
study concluded that traditional food security methods might
be insufficient to reduce inequities if gender is viewed as a variable
rather than a foundation to describe inequities because gendered-
centered examination helps identify most underprivileged groups and
inform policies to target existing inequities (Kassie et al., 2014).
Innovative thinking and implementation approaches would be useful
when exploring and treating Saudi women concerning their health.

Because this study used a cross-sectional design, the comparison
of nutritional status and related features between high and
low-income groups was difficult; thus, cohort studies should
be considered in future relevant studies. Another weakness of the
study is its small sample size, which was due to its focus on a specific
Saudi Arabian region; it was not easy to cover the entire country due
to its large size. Self-reported data for sociodemographic
characteristics and dietary intake might include an error, which
we assume is marginal. A 24-h recall is a standard method for
assessing nutritional intake in target populations. However, it has
limitations, as it may not accurately reflect a respondent’s regular
food intake especially when done for 1 day due to time and fund
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problems. Additionally, all participants were chosen from a
Saudi Arabian organization that helps low-income women by
providing them with food assistance. It is also challenging to locate
the same number of low-income women who match the same
requirements as those located by the organization. The nutritional
status measurements in this study were not all-inclusive, but future
research might examine additional variables such as blood pressure,
blood serum glucose, vitamins, and other important nutrients for
this population.

5 Conclusion

This study found that low-income Saudi females had a variety of
sociodemographic, health, and anthropometric features. Despite some
of them having minimal nutritional intake, obesity and overweight were
common. The vast majority of participants did not acquire MDDS. The
participants’ education level was negatively correlated with some or all
anthropometric indices, whereas females’ age, family size, and source
of income were positively correlated with all or some of these variables.

5.1 Recommendations

National initiatives and policies that permit and support healthy
living are also required. Saudi Arabia has taken steps toward this goal,
such as establishing a food security authority to handle all areas of
food security and adopting associated international interventions to
reduce health inequities, such as via an all-policies approach. As a
result, there is a need to guide and inform these connected policies and
government activities and reduce the associated health implications.
Further research into this group of Saudi women is required.
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