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Abstract
Background Non-alcoholic fatty liver disease (NAFLD) is an important public health problem and a
signi�cant cause of morbidity and mortality. Little is known about the relation between food insecurity
and NAFLD. This study aimed to assess the relationship between food insecurity, risk factors associated
with food insecurity, and NAFLD prevalence in a sample of Iranian adults.

Methods In this age-matched and gender-matched case–control study, 210 subjects were recruited.
NAFLD diagnosis was performed by a single expert radiologist using ultrasonography. The demographic
and socioeconomic characteristics, anthropometric indices, body composition, along with food insecurity
and depression status were assessed. Blood samples were collected to determine the lipid pro�le
parameters. Chi-square, independent samples t-test, and uni-and multi-variate logistic regression tests
were used. Data were analysed using SPSS V.23.0.

Results The prevalence of food insecurity was 56.8% and 26.1% in cases and controls ( P<0.001 ),
respectively. According to �nal analysis model, food insecurity, depression, number of children ≥ 4,
overweight, and obesity were identi�ed as signi�cant independent risk factors for NAFLD. The chance of
NAFLD in the food insecure, depressed, overweight, and obese subjects was 2.2 (95%CI: 1.12-3.43), 1.9
(95%CI: 1.02-3.62), 2.6 (95%CI: 1.81-3.92), and 2.9 (95%CI: 2.02- 5.34) times higher, respectively.
Additionally, a higher waist circumference (men, OR = 2.9, P < 0.001 ; women, OR= 2.6, P< 0.001 ), an
elevated waist-to-hip ratio (men, OR=2.3, P<0.001 ; women, OR=2.7, P<0.001 ), an increased waist-to-
height ratio (OR=2.9, P<0.001 ), and a higher body fat percentage (men, OR=3.0, P<0.001 ; women,
OR=3.3, P<0.001 ) were independently associated with an increased risk of NAFLD. The odds of NAFLD
increased by increment in serum triglyceride (TG) levels (OR=2.6, P<0.001 ) and decreased by increase in
serum high-density lipoprotein cholesterol (HDL-C) (OR=0.34, P<0.001 ). Compared to controls, NAFLD
patients were more likely to have higher TG/HDL-C ratio (OR =3.3, P<0.001 ).

Conclusions The prevalence of food insecurity in patients with NAFLD was signi�cantly higher compared
to controls. Food insecurity was associated with an increased risk of NAFLD, even after adjusting for
potential confounding factors. Additionally, NAFLD was signi�cantly related to some indicators of
dyslipidemia.

Introduction
Food insecurity, a serious public health problem, is frequent in both developed and developing countries
(1, 2). Household food insecurity is de�ned as “limited or uncertain access to nutritionally adequate and
safe foods, or limited ability to obtain acceptable foods through socially admitted ways”(3). It is
estimated that more than 852 million people suffer from food insecurity in all over the world ;
approximately 9 million of these people are living in developed countries and rest of them are living in the
developing countries (4). Food insecurity has been identi�ed as a signi�cant social and health problem in
Iran as well (1, 2). According to recent meta-analysis, general food insecurity prevalence has been
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reported by 49% among Iranian households (2). Food insecurity is strongly associated with poorer health
outcomes (3, 5). Several studies have demonstrated associations between food insecurity and
overweight/obesity among children and adults using both self-reported and objective measures of body
mass index (BMI) (6, 7). Food insecurity has also been reported to be associated with higher anxiety and
depressive symptoms (5, 8). Neveretheles, there are few studies evaluating associations between food
insecurity and chronic diseases such as cardiovascular disease, diabetes, and hypertention among adults
(3, 6). It was well established that the status of head of household, socio-economic status (SES),
educational level, race/ethnicity, family size, age, marital status, and eating habits are factors in�uencing
food insecurity (2, 5, 9). In addition, previous studies have reported that food insecurity may be positively
associated with some indicators of dyslipidemia (10). Limited budgets for those in food insecure
households result in buying cheaper and high energy-dense diets with low amount of micronutrients,
which can contribute to overweight/obesity and lipid pro�le abnormalities, and consequently increasing
the prevalence rate of many chronic diseases like non-alcoholic fatty liver disease (NAFLD) (6, 9–11).
NAFLD indicating excess of fat accumulation in the liver has become a growing public health problem
(12, 13). NAFLD encompasses a broad spectrum of liver disorders ranging from simple steatosis to non-
alcoholic steatohepatitis (NASH), �brosis, NASH cirrhosis, and �nally NASH-related hepatocellular
carcinoma (HCC) (12, 13). This clinical–pathological condition affects approximately 25–30% of adult
population in both developed and developing countries (12, 13). However, NAFLD prevalence has been
estimated to be more than 70% in obese individuals, and also in patients with diabetes and metabolic
syndrome (13). It appears that NAFLD prevalence is lower in Asian countries in comparison with Western
countries (14). However, it has recently increased along with the increase in obesity, diabetes and
metabolic syndrome in this region (12, 14). NAFLD is now considered as a major chronic liver disease in
Asia (14). NAFLD onset and development are closely associated with dietary habits and lifestyle (12, 13).
Major risk factors for NAFLD are sedentary lifestyles and poor eating habits. Previous studies have
reported a signi�cant positive association between BMI and lipid accumulation in the liver resulting in a
higher risk of NAFLD (13, 15).

According to the recent studies, the prevalence rates of food insecurity and NAFLD are increasing in Iran
(2, 12, 14). Given that food insecurity and NAFLD have negative health consequences and there is no
previous study evaluating associations between food insecurity and NAFLD; thus, this study was desiged
in order to investigate the relationship between food insecurity, risk factors associated with food
insecurity, and NAFLD incidence in a sample of Iranian adults.

Materials And Methods
Study design and participants

This was a case-control study conducted in a sample of Iranian adults, aged 20–60 years, (n=210; 95
cases diagnosed with NAFLD and 115 controls without NAFLD). This study was carried out at Imam
Reza Hospital in Tabriz, Iran, from January to June 2019. The two study groups were matched in terms of
age, sex, and residential status (Tabriz, around of Tabriz, and other cities). Inclusion criteria included
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subjects aged from 20 to 50 years old, and those with ultrasound-diagnosed NAFLD for the cases, and
those without NAFLD for the controls. Exclusion criteria included individuals with a history of kidney
diseases, cardiovascular diseases, hypertension, diabetes, thyroid disorders, cancer, gastrointestinal
disorders, those diagnosed with some pathological conditions affecting the liver like viral hepatitis, acute
or chronic liver failure, and liver transplantation, and history of alcohol consumption in the last year,
pregnancy or breast-feeding, the use of any medication for hypertension, diabetes, adhering to a speci�c
diet during  past 3 months, and any lifestyle changes. Liver ultrasonography was utilized for NAFLD
diagnosis. Informed consent form was obtained from all participants before enrollment in the study. Also,
information on socio-economic and demographic characteristics including age, gender, marital status,
educational level, employment status, family size, and smoking status was collected through a face-to-
face interview with study participants.

Food security assessment

The 18-item USDA (US Department of Agriculture) household food security questionnaire was applied to
determine household food security status (16). This questionnaire assessing household food security
during the past 12 months has been previously validated in Iran (17). According to this questionnaire,
food security is classi�ed into four groups: food secure, food insecure without hunger, food insecure with
moderate hunger, and food insecure with severe hunger. As shown in Table 1, scoring method for this
questionnaire is described as follows: score of 1 is given to responses such as  “often”, “sometimes”,
“almost every month”, “some months”, and “yes” and responses such as “not correct”, “refused or did not
know”, “only once or twice a month”, and “no” were scored as 0.

Depression assessment

The Beck Depression Inventory (BDI) (18) was applied to assess the participants' depression status. This
questionnaire consists of a 21-item self-report instrument indicating existence and severity of symptoms
of depression. The BDI includes several kinds of questions and each question represents a state in the
individual. The respondent should choose the option that best represents his/her current feeling. Every
question includes four options, and each question was scored from 0 to 3. A total score, ranging from 0
to 63 was calculated by summing all scores. Based on the BDI, scores ranging between 0–9 indicate
minimal depression; 10–18 indicating mild depression; 19–29 indicating moderate depression; and 30–
63 indicating severe depression. According to the BDI questionnaire, participants with a score of 19 or
more than that were considered as depressed. This questionnaire is valid and reliable in Iran (19).
Cronbach's alpha coe�cient of BDI was calculated to be 0.92 in Iranian population (19).

Anthropometric measurements

Body weights and heights were measured using a digital scale and stadiometer (Seca, Germany). Waist
circumference (WC) and hip circumference (HC) were measured using the following points: the middle of
the lowest gear, the iliac crest high point, and on the biggest environmental gluteal muscle, respectively.
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Bioimpedance Analyzer device (Tanita MC-780 S MA, Amsterdam, The Netherlands) was utilized to
assess the participants' body fat percentage (BFP).

BMI was calculated through dividing weight by squared height (kg/m2).  The waist-to-hip ratio (WHR) was
estimated as WC (cm) divided by HC (cm), and the waist-to-height ratio (WHtR) was estimated as WC
(cm) divided by height (cm). Overweight was considered as BMI=25-29.9, and obesity was defined as
BMI ≥30 kg/m2. Gender-speci�c cut-offs were considered for WC, WHR, and BFP. Based on the National
Cholesterol Education Program (NCEP), high WC cut-off value was considered 102 cm in men and 88 cm
in women (20). In addition, high WHR cut-off value was considered ≥0.9 for males and ≥0.85 for
females (21, 22). Moreover, high WHtR cut-off value was considered values more than 0.5 for both
genders (22). Based on the World Health Organization (WHO) guideline, high BFP cut-off point was
considered 25% for men and 35% for women (23).

Assessment of physical activity status

An international physical activity questionnaire-short form (IPAQ-SF), previously validated in Iran was
used for estimating the participants' physical activity level (including walking, moderate-intensity, and
vigorous-intensity activities), through a face-to-face interview. The IPAQ form calculates and reports
physical activity in metabolic equivalents per minute (MET-min) per week. According to the IPAQ scoring
protocol, physical activity levels were reported as three categories as low activity levels (< 600 MET-
minutes/week), moderate activity levels (600 to < 1500 MET-minutes/week) and high activity levels (≥
1500 MET-minutes/week).

Biochemical measurements

To determine the lipid pro�le parameters, blood samples (5 mL) were obtained following a 12-h overnight
fast. After centrifugation at 3000 rpm for 5 min, serum levels of total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) were assessed
instantly on fresh blood samples using commercial kits by auto-analyzer (Mindray auto hematology
analyzer).

Sample size

A logistic regression of a binary response variable NAFLD on a binary independent variable food
insecurity with a sample size of 207 observations obtained 90% power at a 0.050 signi�cance level to
detect an odds ratio of 2.600. A two-sided Wald test was used. Information was obtained as the study
proceeded up to 15 samples per group.

Statistical analysis

Statistical analysis of all data was performed using IBM SPSS Statistics software (IBM SPSS Statistics,
Armonk, USA, version 23), and also P values less than 0.05 were considered as statistically signi�cant.
The Kolmogorov-Smirnov test was applied to examine normal distribution of data. The chi-square,
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independent samples t-test, and univariate logistic regression tests were used. Then, signi�cant factors in
univariate analysis model were entered into multivariate logistic regression model for controlling possible
confounder factors, and identifying important independent risk factors for NAFLD. The Mann-Whitney U
test was used for values with skewed distribution.

Results
210 subjects (cases= 95, controls= 115) were enrolled in this study. Mean age was 48.8 (standard
deviation [SD] 5.9) years old in patients with NAFLD and 47.3 (SD 6.2) years old in the controls. There
were no signi�cant differences in gender and age between the 2 groups as shown in Table 2. Food
insecurity prevalence was 56.8% in cases and 26.1% in controls, and this difference was statistically
signi�cant (P< 0.001). Odds ratio for NAFLD in the food insecure subjects was 2.7 (95% CI: 1.37-3.93)
times more in comparison with the controls. 46.3% of the patients with NAFLD and 24.3% of the subjects
without NAFLD were depressed and this difference was statistically signi�cant (P= 0.003). NAFLD
chance in depressed participants was 2.3 (95% CI: 1.34-3.51) times more in comparison with non-
depressed ones. Compared with the controls, patients with NAFLD had signi�cantly lower educational
level, physical activity, economic level, and income and also higher family size, number of children, and
children with the ages less than 18 years old (P < 0.05). There were no signi�cant differences in height,
employment status, marital status, and smoking status between the 2 groups (P > 0.05). NAFLD chance
in overweight subjects was 2.9 (95% CI: 1.81-4.44) times higher. Moreover, obesity prevalence was 32.6%
in cases, and 15.6% in controls and this difference was statistically signi�cant (P< 0.001). NAFLD chance
in male participants with WC >102 was 3.1 (95% CI: 2.12-5.76) times higher compared to those with
WC<102. Furthermore, 57.4% of female patients with NAFLD and 30.5% of female subjects without
NAFLD had WC >88, and this difference was statistically signi�cant (P< 0.001). The chance of NAFLD in
male participants with WHR ≥ 0.9 and female subjects with WHR ≥ 0.85 was 2.5 (95% CI: 1.92-3.91) and
2.7 (95% CI: 1.69-3.31) times higher, respectively. 64.3% of patients with NAFLD and 31.3% of subjects
without NAFLD had WHtR > 0.5, and this difference was statistically signi�cant (P< 0.001). Odds ratio for
NAFLD in male participants with BFP > 25% and female subjects with BFP > 35% was 3.3 (95% CI: 2.33-
5.88) and 3.7 (95% CI: 2.40-6.13) times higher, respectively. Moreover, there were signi�cant differences in
weight, BMI, HC, WHR, WHtR, and BFP between the 2 groups (P < 0.05, Table 2).

According to �nal analysis model, food insecurity, depression, number of children ≥ 4, overweight, and
obesity were identi�ed as independent risk factors for NAFLD. The chance of NAFLD in the food insecure,
depressed, overweight, and obese subjects was 2.2 (95% CI: 1.12-3.43), 1.9 (95% CI: 1.02-3.62), 2.6 (95%
CI: 1.81-3.92), and 2.9 (95% CI: 2.02- 5.34) times higher. In addition, a higher WC (men, OR = 2.9, P < 0.001;
women, OR= 2.6, P < 0.001), an elevated WHR (men, OR = 2.3, P < 0.001; women, OR= 2.7, P < 0.001), an
increased WHtR (OR = 2.9, P < 0.001), and a higher BFP (men, OR = 3.0, P < 0.001; women, OR= 3.3, P < 
0.001) were independently associated with an increased risk of NAFLD. (Table 3). The odds of NAFLD
increased by increment in serum TG levels (OR = 2.6, P < 0.001) and decreased by increase in serum HDL-
C (OR = 0.34, P < 0.001). Compared to controls, NAFLD patients were more likely to have higher TG/HDL-C
ratio (OR = 3.3, P < 0.001) (Table 4).
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Discussion
Although some previous studies have investigated the association between food insecurity and
prevalence of chronic diseases among adults (5, 6), to the best of our knowledge, this is the �rst study
evaluated the association between food insecurity, risk factors related to food insecurity, and NAFLD
prevalence in Iran.

More recently, Golovaty et al. (24) investigated the association of food insecurity with NAFLD among
2627 adults in the United States. They found that the estimated prevalence of NAFLD did not differ
signi�cantly by food security status (food secure 31% compared with food insecure 34%, P = 0.21). In the
same study, in the multivariable model, food-insecure adults were more likely to have NAFLD compared
with food-secure adults (24). In the present study, food insecurity prevalence was 56.8% in patients with
NAFLD and 26.1% in controls, and this difference was statistically signi�cant. Unhealthy eating habits in
patients with NAFLD may contribute to this difference. It is well established that NAFLD is closely
associated with overweight and obesity (12, 14). Most of previous studies have reported a signi�cant
positive association between inappropriate dietary patterns and NAFLD (12, 25). Nutritional problems in
patients with NAFLD include excess consumption of energy, carbohydrates, and lipids, and vitamin and
mineral de�ciencies (13, 25). In fact, consumption of high-energy-dense foods increases in patients with
NAFLD. These foods with a higher energy density including saturated and trans fatty acids, re�ned grains,
and foods with added sugars, tend to have poor nutritional quality (25). On the other hand, previous
investigations have also reported a positive association between food insecurity and obesity (5, 22). Food
insecure adults may depend on high-energy foods, which can result in overconsumption of energy and
result in obesity and obesity-related complications such as NAFLD (3, 6). Accordingly, these inappropriate
eating habits in NAFLD patients may contribute to incidence of high food insecurity in these patients.

Patients with NAFLD experience symptoms such as fatigue, anxiety along with depression (26). These
symptoms signi�cantly affect patients’ well-being and health-related quality of life. In this study, NAFLD
chance in depressed participants was 2.3 (95% CI: 1.34–3.51) times more in comparison with non-
depressed ones. Also, numerous population-based studies have reported high prevalence of depression in
patients with NAFLD, which is in agreement with this study. Le Strat et al. (26) reported occurrence of 12-
month major depression in participants with a liver disease (17.2%), which was signi�cantly higher
compared to participants without liver disease (7.0%; Adjusted OR:2.2; CI: 1.2–4.1), after adjusting for a
number of socio-demographical, medical and behavioral factors. In addition, a case-control study by
Elwing et al. (27) suggested that subjects with NASH showed a signi�cant increase in their lifetime rate of
major depressive disorder (MDD) in comparison with control subjects without liver disease matched for
age, gender, BMI, and WHR. Interestingly, after adjusting for other clinical confounders, the diagnosis of
MDD tended to be associated with steatosis grade (27). Youssef et al. (28) studied the relationship
between depression and severity of histological features in 567 patients with NAFLD. Subclinical and
clinical depression was reported in 53% and 14% of patients with NAFLD, respectively (28). Importantly,
after adjusting for confounders, depression was signi�cantly correlated with more severe hepatocyte
ballooning and patients with subclinical depression had a higher possibility of having more severe portal
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�brosis (28). Depressive mood in�uences self-care practices inversely, and thereby elevating risk of long-
term complications (29). Some previous studies have indicated the association between dietary patterns
and depression (30). In a case control study on a sample of Iranian subjects, it was found that a healthy
dietary pattern characterized by a high intake of various vegetables and nuts was associated with a low
prevalence of depression after adjusting for non-depression drug use, job, marital status, the number of
children, and BMI (30). Additionally, a recent study conducted in Korean adults demonstrated that a
healthy dietary pattern rich in vegetables, soybeans, mushroom, white �sh, shell�sh, and fruits was
associated with low depression risk. Whereas an unhealthy dietary pattern rich in white rice, meats,
noodles, bread, and coffee increased the risk of depression after controlling for various social, health, and
dietary confounders (31). Moreover, observational studies have found an inverse association between
adherence to a Mediterranean diet and depression risk (32). Therefore, high prevalence of depression in
patients with NAFLD may also be a result of poor nutritional patterns in these patients.

Results of the present study indicated that the prevalence of overweight and obesity was statistically
higher in cases in comparison with the controls. Furthermore, patients with NAFLD had signi�cantly
higher WC, WHR, WHtR, and BFP compared to those in the control group. Numerous studies reported the
association between BMI and NAFLD, which is in agreement with the present study (25). BMI was
con�rmed as the most useful predictive factor for NAFLD onset in both sexes, in a community-based
longitudinal cohort study on 6403 Japanese subjects (33). Additionally, cumulative onset rate of NAFLD
was signi�cantly higher in the group with high BMI in comparison with the group with low BMI in both
sexes (33). Compared to normal BMI, NAFLD risk was found to have an approximately 4.1 to 14-fold
increase in the group with higher BMI (34). Moreover, Fan et al. (15) demonstrated that higher BMI
(overweight/obesity) was an independent, dose-dependent risk factor for fatty liver.

NAFLD prevalence is associated not only with higher BMI, but also is strongly related to central fat
deposition (35). WC, WHR and WHtR have been considered as alternative indices for abdominal (visceral)
obesity in previous studies (35, 36). Abdominal obesity is closely associated with development of
metabolic diseases and adverse health outcomes. Measures of body fat distribution, such as WC, WHR,
and WHtR have been indicated to be better predictors of morbidity and all-cause mortality compared to
overall adiposity (35, 37). Visceral fat compared to subcutaneous fat was considered as better predictor
of hepatic steatosis and was associated with NAFLD histological severity (13, 35). In line with our
�ndings, results of a study conducted on 250 patients with NAFLD and 240 non-NAFLD individuals
demonstrated that BMI, WHR, and WHtR were signi�cantly higher in patients with NAFLD (38). Moreover,
BMI and WHR were identi�ed as the most important NAFLD prognostic factors (38). Findings of our study
were also in agreement with another study on 164 cases with NAFLD and 164 controls without NAFLD,
which indicated that patients with NAFLD were signi�cantly more likely to be overweight, have abdominal
obesity, and a signi�cantly higher body fat content (39). In a recent cohort study conducted on 960
people in north of Iran, a signi�cant positive relationship was reported between anthropometric indices
(BMI, WC, WHR, and WHtR) and NAFLD (35). Fung et al. (40) demonstrated that relative risk of NAFLD in
subjects with high WC was 2.99. In addition, degree of steatosis signi�cantly elevated with the increase in
the WC (40). As mentioned above, an association between overweight, obesity, food insecurity has been
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reported in previous studies (7, 22). Therefore, both general and abdominal obesity may also indirectly
increase the risk of NAFLD. Although some cross-sectional studies failed to identify a direct relationship
between obesity and food insecurity in adults (41, 42), most previous studies carried out in Iran and other
countries have reported a signi�cant positive association between obesity and food insecurity (5, 22).
Prior studies have identi�ed several potential mechanisms including physiological, behavioral, and
psycho-social-cultural factors related to this association (43). Generally, behavioral mechanisms resulting
in poor dietary quality and physical inactivity are most important factors contributing to the increase in
the prevalence of obesity (22, 43). Intake of low-cost and less-varied diets along with high-calorie and
nutrient-poor foods coupled with lower intake of fruits and vegetables and lack of physical activity may
cause excess weight and obesity. Nutrient deprivation and �uctuations in eating behavior may lead to
physiological shifts towards greater energy e�ciency, elevated storage of body fat, obesity, and
subsequently development of NAFLD (5, 43). In addition, depression related to food insecurity and its
subsequent effect on eating behavior is another possible factor in�uencing relationship between food
insecurity, obesity and associated metabolic disorders like NAFLD.

Our �ndings indicated that patients with NAFLD had lower physical activity levels in comparison with the
controls. In agreement with our result, previous studies have demonstrated that individuals with less
physical activity are more likely to be affected with NAFLD (44). Increased physical activity decreases
hepatic fat content and improves insulin resistance. Improved insulin resistance decreases excess
delivery of free fatty acids and glucose for free fatty acid synthesis to the liver. Besides, exercise
enhances fatty acid oxidation, reduces fatty acid synthesis, and prevents mitochondrial and
hepatocellular damage, in the liver (44).

In the present study, patients with NAFLD had lower SES. In addition, family size, number of children, and
children with the ages less than 18 years old were signi�cantly higher in patients with NAFLD in
comparison with the controls. In agreement with our �ndings, many previous studies have found a
signi�cant positive relationship between household size, number of children, having children with the
ages under 18 years old, lower SES and food insecurity (5, 22, 45). These socio-demographic factors may
in�uence household food security, resulting in changes in dietary patterns and risk of NAFLD. Several
studies have demonstrated that NAFLD is more prevalent among men and elderly people (46). Gender
distribution was similar between two groups of the present study. Moreover, there was no signi�cant
difference in age of the study participants.

In the present work, NAFLD associated with some indicators of dyslipidemia including high TG and low
HDL-C levels. In agreement with the present study, a growing body of evidence has shown a close
relationship between NAFLD and dyslipidemia (47–49). In a cross-sectional study, high serum levels of
TG, TC, LDL-C and VLDL-C and low serum levels of HDL-C were observed in patients with NAFLD (48). In
the same study, a signi�cant relationship between TC, HDL-C, LDL-C and VLDL-C and increasing grades
of NAFLD was also reported (48). In line with our �ndings, Tomizawa et al (47) reported that serum
concentrations of TG was signi�cantly higher and serum levels of HDL-C was signi�cantly lower in
patients with NAFLD compared to those without NAFLD. Importantly, among markers of hyperlipidemia,
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TG was the strongest predictor of NAFLD (χ2 = 9.89, P = 0.0017). More recently, a cross-sectional study
showed that TG/HDL-C ratio was associated with NAFLD in an apparently healthy population, after
adjustment for confounding factors (50). A population-based cohort study also demonstrated that higher
TG/HDL-C was an independent predictor of incident fatty liver (50). Similarly, in a cross-sectional study
involving a large sample of children and adolescents, the odds ratios for NAFLD increased signi�cantly
with the increasing tertile of TG/HDL-C ratio, after adjusting for confounding factors (51). Consistently, a
close association between TG/HDL-C and NAFLD was found in our present study.

Strengths of the present study were assessing food insecurity as a risk factor for NAFLD, as well as a
case-control design in which the controls were selected from the same population with similar
characteristics. This study had also some limitations. Sample size was relatively small and the study
population did not re�ect general population, therefore our results may not be generalized to other
populations.

Conclusions
The prevalence of food insecurity in patients with NAFLD was signi�cantly higher compared to controls.
Food insecurity was an important risk factor for NAFLD, even after adjusting for potential confounders.
Additionally, some indicators of dyslipidemia signi�cantly increased the risk of NAFLD. However,
prospective studies with large sample sizes are required to verify our �ndings. Future strategies should
also assess whether healthy eating habits will decrease the growing burden of NAFLD among at-risk
adults.
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Tables
Table 1: The household food security status based on the food security questionnaire final score
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Food security status Code Number of positive answer

Families with children under 18

(total scote:18)

Families without children under 18

(total score 10)

Food secure 0 0-2 0-2

Food insecure without hunger 1 3-7 3-5

Food insecure with moderate hunger 2 8-12 6-8

Food insecure with severe hunger 3 13-18 9-10

Guide to Measuring Household Food Security (Bickel et al, 2000)

Table 2: Demographic and socioeconomic characteristics, food insecurity and depression status, anthropometric indices, body

composition, and physical activity status in NAFLD and Non-NAFLD participants
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Variables   Cases
(n=95)

 

Controls
(n=115)

 

OR (95% CI) P-
value

                    Number (%)    

Food security
status

Food secure   41 (43.1) 85 (73.9) 1  

  Food
insecure

Food insecure without
hunger

31 (32.6) 25 (21.7) 2.7 (1.37-
3.93)

< 
0.001 *

    Food insecure with
moderate hunger

19 (20) 5 (4.4)    

    Food insecure with severe
hunger

4 (4.3) 0 (0)    

Depression
status

Not
depressed

  51 (53.6) 87 (75.6) 1  

  Depressed   44 (46.3) 28 (24.3) 2.3 (1.34-
3.51)

0.003 *

Physical activity
level

High   0 (0) 0 ( 0) 1  

  Moderate   28 (29.4) 52 (45.2) 1.9 (1.11-
2.71)

 

  Low   67 (70.5) 63 (54.7) 2.9 (1.93-
4.21)

< 
0.001 *

Smoking status Non-smoker   49 (51.6) 61 (53.1) 1  

  Current
smoker

  46 (48.4) 54 (46.9) 1.08 (0.96
-1.19)

0.28 *

Educational
level

Bachelor &
higher

  17 (17.9) 31 ( 26.9) 1  

  Diploma &
lower

  56 (58.9) 79 (68.7) 1.7 (1.01-
2.51)

 

  Illiterate   22 ( 23.1) 5 ( 4.3) 2.6 (1.48-
3.91)

< 
0.001 *

Economic status Rich ≥7 living items 11 (11.5) 24 (20.9) 1  

  Average 4–6 living items 36 (37.9) 61 (53.1) 2.1 (1.67-
2.45)

 

  Poor ≤3 living items 48 (50.5) 30 ( 26) 2.9 (1.91-
4.86)

< 
0.001 *

Monthly income ≥6,000,000
Riyal

  46 (48.4) 78 (67.8) 1  
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Variables   Cases
(n=95)

 

Controls
(n=115)

 

OR (95% CI) P-
value

                    Number (%)    

  <6,000,000
Riyal

  49 (51.6) 37 (32.2) 2.3 (1.21-
4.30)

0.001 *

Family size < 5    34 (36) 68 (59.1) 1  

  ≥ 5   60 (64) 47 (40.9) 1.9 (1.01-
3.91)

0.003 *

Number of
children

< 4   37 (38.9) 66 ( 57.3) 1  

  ≥ 4   58 (61.1) 49 (42.6) 2.2 (1.1-
4.47)

0.002 *

Having children
<18

No   45 ( 47.3) 71 (61.7) 1  

  Yes   50 ( 52.7) 44 ( 38.2) 2.3 (1.9-
3.99)

0.002 *

BMI (Kg/m2) 18.5-24.9   21 (22.1) 68 (59.2) 1  

  25-29.9   43 (45.3) 29 (25.2) 2.9 (1.81-
4.44)

 

  ≥30   31 (32.6) 18 (15.6) 3.1 (2.71-
6.87)

< 
0.001 *

WC (cm)  ≤102 Men  11 (26.9) 32 (57.1) 1  

  >102   30 (73.1) 24 (42.9) 3.1 (2.12-
5.76)

< 
0.001 *

  ≤88 Women 23 (42.6) 41 (69.5) 1  

  >88   31 (57.4) 18 (30.5) 2.9 (1.89-
6.43)

< 
0.001 *

 

 

WHR

 

 

<0.9

 

 

Men

 

 

16 (39)

 

 

34 (60.8)

 

 

1

 

  ≥0.9   25 (61) 22 (39.2) 2.5 (1.92-
3.91)

< 
0.001 *

  <0.85 Women 26 (48.1) 31 (52.6) 1  

  ≥0.85   28 (68.2) 28 (47.4) 2.7 (1.69-
3.31)

< 
0.001 *
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Variables   Cases
(n=95)

 

Controls
(n=115)

 

OR (95% CI) P-
value

                    Number (%)    

WHtR ≤0.5   34 (35.7) 79 (68.6) 1  

  >0.5   61 (64.3) 36 (31.3) 3.2 (2.49-
6.88)

< 
0.001 *

BFP ≤25  Men      12 (29.3) 33(58.9) 1  

  >25   29 (70.7) 23(41.1) 3.3 (2.33-
5.88)

< 
0.001 *

  ≤35  Women     25 (46.2) 43(72.8) 1  

  >35   29 (53.8) 16(27.2) 3.7 (2.40-
6.13)

< 
0.001 *

Employment
status

Employed   34 (35.8) 52 (45.3) 1  

  Housewife   61 (64.2)         63
(54.7)

1.08 (0.96-
1.19)

0.08 *

Marital status Single   12 (12.7) 21 (18.2) 1  

  Married   83 (87.3) 94 ( 81.8) 1.00 (0.90-
1.14)

0.31 *

Gender Males   41 (43.2) 56 (48.7) 1  

  Females   54 (56.8) 59 ( 51.3) 1.08 (0.96-
1.19)

0.27 *

      Mean (SD)    

Age (years)     48.8 (5.9) 47.5 ( 6.2)   0.24 ‡

Weight (Kg)     76.6 (9.9) 62.9 (9.4)   0.001 ‡

Height (cm)     166.5
(9.1)

165.9 (8.7)   0.81 ‡

BMI (Kg/m2)     28.9 (3.9) 23.2 (3.6)   < 
0.001 ‡

WC (cm)     95.8
(10.1)

83.9 (9.7)   < 
0.001 ‡

HC (cm)     98.9 (8.8) 93.6 (9.2)   0.03 ‡

WHR     0.95
(0.09)

0.89 (0.07)   < 
0.001 ‡
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Variables   Cases
(n=95)

 

Controls
(n=115)

 

OR (95% CI) P-
value

                    Number (%)    

WHtR     0.56
(0.09)

0.51 (0.06)   < 
0.001 ‡

BFP     31.9 (6.4) 28.7 (4.9)   < 
0.001 ‡

* Logistic regression

 ‡ Independent t-test 

 BFP, body fat percentage, BMI, body mass index, CI, confidence interval, HC, hip circumference, OR, odds ratio, SD, standard

deviation, WC, waist circumference, WHR, waist-to-hip ratio, WHtR, waist-to-height ratio

 Statistically significant (p < 0.05)

Table 3: Odds ratio (OR) and 95% confidence intervals (CI) of variables describing the important risk factors for NAFLD
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Factors   OR (95% CI) P-value

Food security Food secure 1 0.006*

  Food insecure 2.2 (1.12-3.43)  

Depression Non-depressed 1 0.023*

  Depressed 1.9 (1.02-3.62)  

Number of children <4 1 0.003*

  ≥4 2.1 (1.02-3.3.98)  

BMI (Kg/m2) 18-24.9 1 < 0.001*

  25-25.9 2.6 (1.81-3.92)  

  ≥30 2.9 (2.02- 5.34)  

WC (cm) ≤102 (Men) 1 < 0.001*

  >102  2.9 (1.13-5.68)  

  ≤88 (Women) 1 < 0.001*

  > 88  2.6 (1.11-4.12)  

WHR <0.9 (Men) 1 < 0.001*

  ≥0.9  2.3 (1.01-4.44)  

  <0.85 (Women) 1 < 0.001*

  ≥0.85  2.7 (1.16-5.12)  

WHtR ≤0.5 1 < 0.001*

  >0.5 2.9 (1.69-5.89)  

BFP ≤25 (Men) 1 < 0.001*

  >25  3.0 (1.11-4.67)  

  ≤35 (Women) 1 < 0.001*

  >35  3.3 (2.21-5.78)  

* Multivariate logistic regression. 

BFP, Body fat percentage, CI, confidence interval, OR, odds ratio, WC, waist circumference, WHR, waist-to-hip ratio, WHtR, waist-to-

height ratio. 

Statistically significant (p < 0.05).
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Table 4: Lipid profile characteristics in NAFLD and Non-NAFLD participants

Variables NAFLD (n=95)

 

Non-NAFLD (n=115)

 

OR (95% CI) P-value

TC (mg/dl) ¶ 197.6 (37.3) 193 (34.6) 1.0 (0.99-1.03) 0.24 ‡

TG (mg/dl) † 195 ( 161-243) 111 (92-149) 2.6 (1.71-3.98) <0.001 §

LDL-C (mg/dl) ¶ 126.9 ( 21.7) 122.7 (27.4) 1.0 ( 0.98-1.01) 0.71‡

HDL-C (mg/dl) ¶ 38.8 (5.4) 47.9 (9.4) 0.34 (0.20- 0.54) <0.001 ‡

LDL-C/HDL-C ratio ¶ 2.41 (0.69) 2.38 (0.71) 1.0 (0.99-1.01) 0.34 ‡ 

TC/HDL-C ratio¶ 4.61(1.03) 4.57 (0.98) 1.0 (0.99-1.03) 0.22 ‡ 

TG/HDL-C ratio¶ 3.62 (0.87) 3.11 (0.67) 3.3 (1.91-5.82) <0.001 ‡

†Variables with non-normal numeric scales are reported as median (25th, 75th). 

‡Independent samples t-test.

§Mann- Whitney U test.

¶Variables with normal numeric scales are reported as mean (SD).

HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides. 

Statistically significant (p < 0.05).
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