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“limited or uncertain availability of nutritionally 
adequate and safe foods or limited or uncertain 
ability to acquire acceptable foods in socially 
acceptable ways.”[1] Food insecurity is a risk for 
developing chronic health conditions such as diabetes, 
hypertension, hyperlipidemia, and cardiovascular 

INTRODUCTION

One potentially modifiable risk factor for adverse 
diabetes outcomes among socially underprivileged 
populations is food insecurity, which is defined as 

Background: We sought the prevalence of food insecurity and whether cardiovascular risk markers and metabolic syndrome 
components are significantly different in categories of food insecurity in patients with type 2 diabetes. Materials and Methods: In 
this cross‑sectional study, 520 patients with type 2 diabetes from the Kerman coronary artery disease risk study aged between 23 
and 87 years (60.8 ± 11.4) who selected by one‑stage cluster sampling were assigned into four groups of “food secure” and “mild,” 
“moderate,” and “severe” food insecure. Household food insecurity was assessed by a 9‑item household food insecurity access scale 
questionnaire. Results: The prevalence of food security and mild, moderate, and severe food insecurity in patients with diabetes was 
24.4%, 33.1%, 28.9%, and 13.6%, respectively. There was a significant difference among the food‑secure/insecure sex groups (P = 0.001). 
The prevalence of food insecurity and risk factors such as total cholesterol, high low‑density lipoprotein cholesterol, and visceral 
obesity in mild food‑insecure females was significantly higher than males (P < 0.001, 0.001, and 0.001, respectively). The fasting 
blood sugar significantly increased  (P  =  0.020) in diabetic females with food security than the other female groups. Diastolic 
blood pressure significantly increased (P = 0.028) in diabetic females with severe food insecurity than the other female groups. 
The glycosylated hemoglobin significantly increased (P = 0.013) in diabetic males with severe food insecurity than the other male 
groups. Food insecurity odds ratio in females was 1.74 (95% confidence interval  [CI]: 1.10–2.70), 2.39 (95% CI: 1.48–3.88), and 
2.73 (95% CI: 1.49–5.01) times higher than in males for mild, moderate, and severe food insecurity, respectively. Conclusion: Food 
insecurity may deteriorate some cardiometabolic biomarkers in type 2 diabetes. Improving food security in patients with diabetes 
may help reduce cardiovascular disease.
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disease.[2] Among patients with diabetes, food insecurity 
has been associated with poor control of glycemia and 
low‑density lipoprotein cholesterol (LDL‑C).[3,4] The 
issue of food insecurity was further compounded by 
socioeconomic status. Individuals of low socioeconomic 
status with food insecurity also reported low diabetes 
self‑efficacy.[4] Based on one study, patients with diabetes 
who live in low‑income families could not achieve and 
maintain a healthy diet as part of their self‑management. 
Therefore, low‑income patients with diabetes had 
experienced food insecurity, and they reported that 
accessibility and affordability issues had a strong 
influence on their dietary patterns.[5]

The risk of clinical diabetes was 50% higher among 
adults living in food‑insecure households compared with 
adults living in food‑secure households. Food insecurity 
was associated with self‑reported hypertension and 
hyperlipidemia but not diabetes. However, food insecurity 
was associated with the laboratory or examination 
evidence of hypertension and diabetes. These data showed 
that food insecurity was associated with cardiovascular 
risk factors.[6]

A cross‑sectional analysis of the National Health and 
Nutrition Examination Survey data revealed that the 
prevalence of metabolic syndrome (MetS) was higher 
among members of households with marginal and 
very low food security than among fully food secure 
contributors.[7] In another similar study, participants 
experiencing food insecurity had higher glycosylated 
hemoglobin (HbA1c), poorer self‑efficiency, and low 
consumption of fruit and vegetables.[8] In contrast, 
another study has not found differences in diastolic blood 
pressure (BP), hyperlipidemia, and concentrations of 
total cholesterol (TC), blood glucose, and HbA1c by food 
security status.[9] Another study found that the 10‑year 
predicted risk for cardiovascular disease was increased 
among food insecure participants aged 30–59 years, 
particularly those with very low food security.[10]

Subsequently, those considerations suggest that food 
insecurity could be associated with increased cardiovascular 
disease risk. Therefore, our understanding of the extent 
and nature of food insecurity remains limited due to the 
lack of population‑level data. Then, based on previous 
conflicting studies in concern with the relationship 
between food insecurity and some of these indicators, this 
paper investigated the prevalence of food insecurity and 
whether cardiovascular risk markers and MetS components 
were significantly different in various categories of food 
insecurity in patients with type 2 diabetes as part of a 
population‑based study from the Kerman coronary artery 
disease risk study (KERCADRS).

MATERIALS AND METHODS

Participants
The current study is a cross‑sectional study conducted on 
patients with type 2 diabetes from the KERCADR cohort 
study. KERCADRS is a cohort study on 5900 (3238 females) 
individuals aged 15–75 years who were recruited in the 
household survey on Kerman province residences (during 
2009–11). The sampling method was a one‑stage cluster 
sampling. In the first stage, 250 postal codes (called seeds) 
were selected randomly among an updated roster of 
residential addresses in the provincial post office. The data 
collection team first mapped the seeds and then contact 
them one by one. After briefing the household member, 
all the eligible members (15–75 years old) have been listed 
on the Kish household coversheet and recruited to the 
study. In case of any household being absent for twice, the 
other neighborhood households from the right direction 
of the seed were approached systematically, and with the 
same method, eligible people were asked to participate 
in the study. The recruitment was continued to reach 
24 individuals in each cluster.[11] All recruited people were 
given an appointment card having the date, time, and 
place of attending collaborating clinic for blood sampling 
and face‑to‑face interview. They were asked to be fasted 
for 12–14 h before the appointment time in the morning 
and bring their medicines with themselves. Based on the 
sampling methods (nonproportionate to size), the younger 
age groups were undersampled and the older groups have 
been oversampled. Although this will bring more precision 
to age‑stratum‑specific estimates, the total combined 
estimates have to be always standardized based on the 
real‑age distribution of the target population.[11]

Kerman province is one of the 31 provinces of Iran. 
Kerman is in the southeast of Iran with its administrative 
center in the city of Kerman. It is the largest province of 
Iran that encompasses nearly 11% of the land area of Iran. 
The population of the province is about 3 million (9th in 
the country). The baseline protocol has been previously 
described in detail.[11] The written informed consent was 
signed by all of the participants after ensuring their good 
understanding of the participation in the survey. It should be 
noted that the study protocol and procedures were reviewed 
and approved by the Research Review Board of the Kerman 
University of Medical Sciences (Ethic code 88‑110KA).

Inclusion criteria for individuals in the current study 
were (1) willingness to contribute in the study and sign 
the informed consent, (2) presence of type 2 diabetes 
at least for 1 year (according to the American Diabetes 
Association criteria) and those patients with diabetes 
with fasting blood sugar (FBS) 126 or higher than 
126 mg/dl and/or under treatment for their diagnosed 
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disease,(3) noninsulin therapy, (4) patients receive either diet 
therapy or diet therapy with combination of oral antidiabetic 
medications, (5) no history of myocardial infarction (MI), 
stroke, cardiovascular disease, active cancer, liver, kidney, 
and thyroid dysfunction, and infectious diseases. The 
exclusion criteria were the opposite of inclusion criteria.[12] 
Patients were selected by census and the total number of 
patients with diabetes was 851 in the KERCADR study, of 
whom 325 patients were not accessible. Therefore, from 
526 patients, six patients did not have complete data. As a 
result, the exact number of patients was 520.

Food security assessment
Household food insecurity was assessed by a 9‑item 
household food insecurity access scale (HFIAS) 
questionnaire, which the validity and reliability have 
been measured in one of the studies.[13] The HFIAS had 
good internal consistency (Cronbach’s α =0.95). The 
questionnaires were completed by telephone interview.

Patients were divided into four groups of “food secure” 
with the result “0–1,” “mild food insecure,” “moderate food 
insecure,” and “severe food insecure” with the results “2–7,” 
“8–14,” and “15–27,” respectively. Answers were scored as 
“has never happened or no” with “0,” “has happened once 
or twice or rarely” with “1,” “has happened 3–10 times 
or sometimes” with “2,” and “has happened more than 
10 times or quite often” with “3.”

Clinical and biochemical examinations
MetS components include FBS, high‑density lipoprotein 
cholesterol (HDL‑C), triglyceride (TG), systolic and diastolic 
BP, and waist circumference (WC). Cardiovascular risk 
markers include weight, body mass index (BMI), TC, LDL‑C, 
and HbA1c.

As previously in the other studies described,[11,12] all 
measurements were performed according to the standard 
protocol. The patients fasted for 12–14 h before admission. 
FBS (KIMIA Kit, Code 890410, Iran) was measured using 
the glucose oxidase‑peroxidase method. HDL‑C (PARS 
Kit, Code 89022, Iran) and TG (KIMIA Kit, Code 890201, 
Iran) were measured by standard enzymatic procedures. 
BP was recorded using an automated oscillometric BP 
monitor (standard mercury manometer–Model RISHTER, 
Germany) after at least 10 min of rest in a chair and arm 
supported at heart level. WC was measured at the umbilical 
level using a nonstretchable measuring tape, without any 
pressure to the body surface.

Weight and BMI (weight in kilograms divided by height 
in meters squared) were measured and recorded in 
questionnaires. TC (KIMIA Kit, Code 890303, Iran) and LDL‑C 
were calculated based on Friedewald formula (LDL‑C = TC 

− [HDL‑C + TG/5]). HbA1C (NycoCard Kit, Code 1042184, 
Austria) was determined based on Bio‑Rad Variant 
high‑performance liquid chromatography assay.

Statistical analysis
Statistical analysis was performed using SPSS software 
(IBM Corp. Released 2013. IBM SPSS Statistics for Windows, 
ersion 22.0. Armonk, NY BM Corp). Significance was 
assumed at P < 0.05. Normal distribution of biomarkers 
was investigated by Kolmogorov–Smirnov test. All the 
cardiometabolic biomarkers had normal distribution. We 
compared the MetS components and cardiovascular risk 
markers values between four groups of household food 
security/insecurity with the use of analysis of variance, 
in which all pairwise comparisons among the four 
groups were performed with the use of Tukey’s honestly 
significant difference procedure. The Chi‑square test was 
used to determine the relationship between different 
categories of food security and the categorical variables. 
Multinomial logistic regression analysis was used to 
predict the probability of cardiometabolic biomarkers on 
household food security/insecurity groups. Therefore, 
multinomial logistic regression is a predictive analysis 
to explain the relationship between one dependent 
variable such as four food security/insecurity groups and 
independent variables such as cardiometabolic biomarkers, 
controlling for the gender variable. The outcome variable 
is a categorical variable that included four groups of 
household food‑secure/insecure status. Food‑secure group 
is a reference group in the predicted model. The odds 
ratios (ORs) with 95% confidence interval (CI) all of the 
cardiometabolic biomarkers were computed.

RESULTS

Patients characteristics
The rate of response among all respondents was 
99% (520 participants from 526 patients with diabetes). 
Six were excluded due to incomplete data. The 
mean (±standard deviation [SD]) age of participants was 
60.82 ± 11.42 years (56% females and 44% males). Baseline 
characteristics of food‑secure/insecure of patients with 
diabetes are shown in Table 1. Absolute and relative 
frequency distributions of patients with diabetes in 
food‑secure/insecure groups are also shown in Table 1. There 
were significant difference among the food‑secure/insecure 
sex groups (P = 0.001) [Table 1]. The prevalence of food 
security and mild, moderate, and severe food insecurity in 
patients with diabetes was 24.4%, 33.1%, 28.9%, and 13.6%, 
respectively. Food‑secure male patients (32.0%) were higher 
than female patients in this category (18.3%).

Patients divided into four age groups as <49, 50–64, 
65–74, and >75 years. About 44% patients were in 
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50–64 years age group that 62% were female in this age 
group (P = 0.035) [Table 1]. In comparison with males, 
the prevalence of food insecurity was higher in females. 
Table 1 shows that in 50–64 years age group, one‑third and 
two‑third of patients with food insecurity were males and 
females, respectively.

The Chi‑square test revealed that more percentage of 
female patients in household food insecurity groups were 
overweight or obese with a significant difference in the 
moderate food‑insecure group. However, this percentage 
difference in WC between males and females in food‑secure/
insecure groups was more significant, except in severe food 
insecure. In general, more percentage of female patients 
compared with male patients with a significant difference 
had hyperlipidemia [Table 2].

Cardiovascular risk markers
Table 3 indicates the mean (±SD) for selected cardiovascular 
risk markers of patients with diabetes in studied 
food‑secure/insecure groups. There was no significant 
difference between both sex groups in cardiovascular 
risk markers such as weight, BMI, TC, and LDL‑C 
among food‑secure/insecure categories. In general, BMI 
and the levels of TC and LDL‑C in food‑secure/insecure 
categories for females were higher than males. The 
HbA1c significantly increased (P = 0.013) in diabetic males 
with severe food insecurity than the other male groups. 
However, the trends of HbA1C level in males and females 
among food‑secure/insecure categories were conversely. 
Food insecurity OR in diabetic women was 1.74, 2.39, and 
2.73 times higher than in men for mild, moderate, and severe 
food insecurity, respectively (OR = 1.74, 95% CI: 1.10–2.70; 
OR = 2.39, 95% CI: 1.48–3.88; OR = 2.73, 95% CI: 1.49–5.01). 
Mild, moderate, and severe food insecurity significantly 

associated with BMI (OR = 1.06, 95% CI: 1.01–1.11, P = 0.030; 
OR = 1.06, 95% CI: 1.01–1.12, P = 0.024; OR = 1.11, 95% CI: 
1.04–1.18, P = 0.001 respectively). Interestingly, when data 
split by gender (results not showed), mild and severe food 
insecurity remained significantly associated with BMI for 
males and females, respectively.

Metabolic syndrome components
Table 4 indicates the mean (±SD) for MetS components 
of patients with diabetes in studied food‑secure/insecure 
groups. A variation in TG levels among male and female 
patients with diabetes was very high. There were no 
significant differences in HDL‑C, TG, systolic BP, and WC 
among food‑secure/insecure categories for both gender 
groups. The FBS significantly increased (P = 0.020) in 
diabetic females with food security than the other female 
groups. Diastolic BP significantly increased (P = 0.028) in 
diabetic females with severe food insecurity than the other 
female groups. Trends of variations for all of the components 
among different food insecure categories were not regular 
along with the intensity of insecurity. Table 5 indicates the 
results of the multinomial logistic regression analysis all 
of the cardiometabolic biomarkers in various categories 
household food security. Moderate food insecurity was also 
associated with TG concentration (OR = 0.99, 95% CI: 0.99–
0.99, P = 0.003), and severe food security was associated 
with HDL‑C (OR = 1.03, 95% CI: 1.00–1.07, P = 0.027). No 
significant associations between food insecurity status and 
the other cardiovascular risk markers and MetS components 
were observed. Females in moderate food insecurity had 
lower risk based on HbA1c in compared with males in this 
group (OR = 0.75, 95% CI: 0.60–0.95, P = 0.016), and males 
in severe food insecurity had higher risk based on HbA1c 
compared with females in this group (OR = 1.81, 95% CI: 
1.23–2.66, P = 0.003). Therefore, the risk of the diabetic males 

Table 1: Absolute and relative frequency distribution of patients with diabetes in food‑secure/insecure groups based 
on sex and age groups
Age groups/
sex

Food 
secure (%)

Mild food 
insecure (%)

Moderate food 
insecure (%)

Severe food 
insecure (%)

Total (%) P

Male 74 (32.0) 77 (33.3) 56 (24.3) 24 (10.4) 231 (100.0) 0.001
Female 53 (18.3) 95 (32.9) 94 (32.5) 47 (16.3) 289 (100.0)
Total 127 (24.4) 172 (33.1) 150 (28.9) 71 (13.6) 520 (100.0)
<49

Male 11 (28.2) 14 (35.9) 9 (23.1) 5 (12.8) 39 (100.0) 0.259
Female 6 (12.5) 17 (35.4) 17 (35.4) 8 (16.7) 48 (100.0)

50‑64
Male 27 (31.0) 29 (33.3) 23 (26.4) 8 (9.2) 87 (100.0) 0.035
Female 25 (17.4) 43 (29.9) 51 (35.4) 25 (17.4) 144 (100.0)

65‑74
Male 25 (33.8) 24 (32.4) 16 (21.6) 9 (12.2) 74 (100.0) 0.329
Female 16 (21.1) 27 (35.5) 23 (30.3) 10 (13.2) 76 (100.0)

>74
Male 11 (35.5) 10 (32.3) 8 (25.8) 2 (6.5) 31 (100.0) 0.421
Female 6 (28.6) 8 (38.1) 3 (14.3) 4 (19.0) 21 (100.0)
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with severe food insecurity was high. A similar trend was 
observed for FBS in males and females.

DISCUSSION

We sought the relationship between food insecurity with 
cardiovascular risk markers and MetS components in 
patients with type 2 diabetes in a population‑based study 
from KERCADRS. Therefore, in addition to determining 
the prevalence of household food insecurity based on sex 
and age groups, we determined significant differences in 
cardiovascular risk markers and MetS components between 
various categories of food insecurity in patients with type 2 
diabetes.

The prevalence of food insecurity in females with diabetes 
was higher than males with diabetes [Table 1]. This result 
was paralleled with the other studies.[14,15] In our study, a 
higher proportion of patients with diabetes particularly 
females were food insecure. In fact, diabetes was more 
prevalent in food‑insecure households. This conclusion 
explained by Gucciardi et al.[16] Of course, diabetes incidence 
may occur in every household. One of the most important 
reasons could be inadequate accessibility to high‑quality 
and/or high‑quantity foodstuff due to an inappropriate 
socioeconomic situation. Galesloot et al. demonstrated that 
severe food insecurity, indicating reduced food intake and 
disrupted eating patterns, may influence population’s ability 
to follow a healthy eating pattern necessary for effective 
diabetes management.[17] In another study, food‑insecure 

Table 2: Absolute and relative frequency distribution of patients with diabetes in food‑secure/insecure groups based 
on sex and selected risk markers
Variables/sex Food secure (%) Mild food insecure (%) Moderate food insecure (%) Severe food insecure (%) P
Overweight/obesity¶

Male 45 (60.9) 50 (65.0) 31 (55.4) 18 (75.0) 0.012
Female 43 (82.7) 72 (75.8) 77 (81.0) 34 (75.6)
P 0.022 0.346 0.007 0.170

Hypertension/sys†

Male 27 (36.5) 26 (33.8) 16 (29.1) 12 (50.0) 0.062
Female 19 (35.8) 27 (28.4) 33 (34.4) 19 (40.4)
P 0.941 0.450 0.505 0.442

Hypertension/diastolic‡

Male 21 (28.4) 21 (27.3) 18 (32.7) 11 (45.8) 0.168
Female 12 (22.6) 18 (18.9) 26 (27.1) 16 (34.0)
P 0.467 0.195 0.463 0.333

Hyper‑TG∫

Male 47 (63.5) 38 (49.4) 29 (51.8) 16 (66.7) 0.003
Female 35 (66.0) 69 (73.4) 57 (59.4) 33 (70.2)
P 0.769 0.001 0.363 0.760

Hypercholesterol***
Male 13 (17.6) 11 (14.3) 4 (7.1) 1 (4.2) 0.031
Female 19 (35.8) 33 (35.1) 22 (22.9) 16 (34.0)
P 0.037 0.000 0.019 0.016

High LDL#

Male 9 (13.4) 10 (13.7) 6 (11.3) 1 (4.3) 0.191
Female 15 (31.3) 29 (34.1) 20 (21.7) 14 (32.6)
P 0.050 0.000 0.041 0.018

Low HDL*
Male 69 (94.5) 71 (92.2) 55 (98.2) 22 (91.7) 0.002
Female 45 (84.9) 83 (88.3) 82 (85.4) 42 (98.4)
P 0.070 0.395 0.011 0.758

High WC§
Male 13 (17.6) 19 (24.7) 11 (19.6) 10 (41.7) 0.487
Female 37 (69.8) 56 (58.9) 57 (59.4) 29 (63.0)
P 0.000 0.000 0.000 0.082

Percentage in bracket expressed within sex. Chi‑square test analyzed the relationship between two qualitative variables in food secure/insecure status classes. ¶BMI categorized into 
normal, overweight, obesity and morbid obesity; †Hypertension/systolic divided into normal BP (≤139 mmHg) and high BP (≥140 mmHg); ‡Hypertension/diastolic divided into normal 
BP (≤89 mmHg) and high BP (≥90 mmHg); ∫Triglyceridemia divided into normal TG (<150 mg/dl) and at risk (≥150 mg/dl); ***Cholesterolemia divided into desirable (<200 mg/dl), 
borderline (200‑239 mg/dl), and high (>240 mg/dl); #LDL‑C divided into desirable and good (<129 mg/dl), borderline (130‑159 mg/dl), and high (>160 mg/dl); *HDL‑C divided into 
undesirable or low (<40 mg/dl for male and<50 mg/dl for female), and good (≥40 mg/dl for male and≥50 mg/dl for female); §WC categorized into male (normal: <101 and high risk: 
≥102) and female (normal: <87 and high risk: ≥88). BMI=Body mass index; HDL‑C=High‑density lipoprotein cholesterol; LDL‑C=Low‑density lipoprotein cholesterol; WC = Waist 
circumference; BP = Blood pressure; TG = Triglyceride
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participants reported lower overall dietary quality and 
lower intake of fruit and vegetables.[18] A suggestive 

mechanism might be that foods that are inexpensive and 
easily accessible tend to be energy dense and nutrient 

Table 3: Mean±standard deviation of selected cardiovascular risk markers of patients with diabetes in studied 
food‑secure/insecure groups

Food secure Mild food insecure Moderate food insecure Severe food insecure Significant
Weight

Male 75.0±12.5 78.5±12.7 74.6±13.7 79.4±17.5 0.190
Female 68.8±8.6 69.7±11.5 72.2±13.2 74.4±16.8 0.080
Total 72.4±11.5 73.6±12.8 73.1±13.4 76.1±17.1 0.297

BMI
Male 25.7±4.0 27.4±5.2 25.9±4.6 27.5±5.5 0.079
Female 27.7±3.1 28.0±4.2 29.0±5.1 29.8±6.6 0.094
Total 26.6±3.8 27.8±4.7 27.8±5.1 29.0±6.3 0.008

TC
Male 195.8±50.4 186.3±47.5 187.2±37.2 197.2±25.1 0.462
Female 215.4±57.0 224.3±48.3 210.0±49.6 226.5±66.1 0.195
Total 204.0±54.0 207.2±51.4 201.6±46.6 216.6±57.2 0.225

LDL‑C
Male 121.0±40.4 116.6±40.0 120.8±33.9 125.6±25.2 0.745
Female 136.8±41.3 147.3±45.3 134.1±36.3 143.8±41.0 0.148
Total 127.8±41.3 133.3±45.5 129.3±35.9 137.4±37.1 0.370

HbA1c
Male 7.9±1.7 8.2±1.5 8.2±1.8 9.7±1.7 0.013
Female 9.0±2.2 8.5±1.7 8.1±1.5 8.3±1.8 0.100
Total 8.4±2.0 8.4±1.6 8.1±1.6 8.7±1.8 0.369

One‑way ANOVA analyzed the differences between cardiovascular risk markers in food secure/insecure status classes both genders. ANOVA = Analysis of variance; 
HbA1c = Glycosylated hemoglobin; LDL‑C = Low‑density lipoprotein cholesterol; TC = Total cholesterol; BMI = Body mass index

Table 4: Mean±standard deviation of selected metabolic syndrome components of patients with diabetes in studied 
food‑secure/insecure groups

Food secure Mild food insecure Moderate food insecure Severe food insecure Significant
FBS

Male 160.5±52.9 167.6±60.6 157.3±59.9 191.2±69.9 0.104
Female 196.5±87.8 180.5±59.5 169.8±65.6 156.7±59.4 0.020
Total 175.5±71.6 174.7±60.1 165.2±63.7 168.4±64.8 0.474

HDL‑C
Male 33.6±8.5 33.5±9.3 33.9±8.0 36.3±8.2 0.562
Female 38.3±9.9 37.6±9.8 38.7±10.0 40.0±9.8 0.569
Total 35.6±9.4 35.8±9.8 36.9±9.6 38.8±9.4 0.092

TG
Male 216.5±172.4 183.0±104.2 174.2±101.1 176.5±81.5 0.214
Female 233.3±193.7 215.4±110.5 176.8±79.3 218.9±180.4 0.058
Total 223.5±181.0 200.8±108.6 175.8±87.7 204.6±154.9 0.027

Systolic BP
Male 131.6±21.4 130.0±19.2 129.3±17.0 130.5±20.9 0.925
Female 133.2±23.8 126.4±20.3 127.9±20.4 133.3±23.9 0.146
Total 132.2±22.3 128.0±19.9 128.4±19.2 132.4±22.8 0.190

Diastolic BP
Male 82.5±12.2 81.8±8.4 81.4±9.1 82.4±11.3 0.928
Female 82.1±12.2 79.5±10.5 80.4±8.7 84.7±10.2 0.028
Total 82.3±12.2 80.5±9.6 80.8±8.9 83.9±10.6 0.064

WC
Male 93.1±10.1 95.0±10.1 93.0±11.8 97.2±12.5 0.291
Female 91.7±9.0 90.6±11.7 91.0±12.5 93.6±14.7 0.557
Total 92.5±9.6 92.6±11.2 91.7±12.3 94.8±14.0 0.325

One‑way ANOVA analyzed the differences between metabolic syndrome components in food secure/insecure status classes both genders. FBS = Fasting blood sugar; 
HDL‑C = High‑density lipoprotein cholesterol; TG = Triglyceride; WC = Waist circumference; BP = Blood pressure; ANOVA = Analysis of variance
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poor.[7] Therefore, micronutrient deficiency due to lack 
of micronutrient dense foods in a dietary pattern is more 
prevalent in food‑insecure patients with type 2 diabetes. 
Consequently, food insecurity might be associated with 
deterioration of glycemic control in patients with type 2 
diabetes.[3, 18‑20] In another word, due to low socioeconomic 
status in food‑insecure households, food insecurity was 
associated with less obedience to recommended self‑care 
activities and worse glycemic control.[19]

On the other hand, more percentage of females in compared 
with males in food‑insecure groups with the significant 
difference had risk factors such as hyperlipidemia and 
general and visceral obesity [Table 2]. Nevertheless, these 
significant differences were showed between male and 
female patients in food secure group. The results of an 
11‑year study confirmed that relative risks of conventional 
cardiovascular risk factors for the occurrence of MI in 
postmenopausal women were higher than in men in all 
age groups.[21] Therefore, gender could act as a discrepancy 
factor between biomarkers. With regard to overweight 
and obesity were prevalent in patients with diabetes, but 
this matter was more prevalent in food insecure groups. 
In another study, higher BMI was associated with severe 
food insecurity in patients with diabetes; moderate and 
severe food‑insecure patients with diabetes similarly 
were associated with poor glycemic control.[3] The study 
of Holben and Pheley revealed that when the results 
stratified by gender, only BMI and HbA1c were significantly 
greater among women from food‑insecure households 
than among those from food‑secure households. For 
men, only HbA1c was significantly greater among those 
from food‑secure households than among those from 
food‑insecure households.[22] In our study, BMI was also 
greater among female participants from food‑insecure 
households than among those from food‑secure households. 

The regular incremental trend in BMI was revealed 
among females by insecurity severity. This trend among 
male was not regular. Unlike the study of Holben and 
Pheley, HbA1c was significantly greater among males 
from food‑insecure households than among those from 
food‑secure households. The regular incremental trend in 
HbA1c was revealed among males by insecurity severity. 
The reason for this disparity in HbA1c between males and 
females was unknown. From the other viewpoint, HbA1c 
variation corresponded with FBS variation among males 
and females from food‑secure/insecure households. This 
correspondence is predictable for HbA1c and FBS. About 
one‑third of patients were hypertensive. However, we could 
find exclusively a BP increment in hypertensive participants 
with severe food‑insecure patients. The number of patients 
with low HDL‑C was 3.5 times more than patients with high 
LDL‑C. The reason for this disparity is the deteriorating 
effect of general and visceral obesity and hypertension 
of patients on their HDL‑cholesterol [Table 2]. Lipid and 
lipoprotein profiles such as TG, TC, and LDL‑C levels 
were greater among females from food‑secure/insecure 
households than among males from food‑secure/insecure 
households. As we mentioned previously, this disparity 
is due to more prevalence of overweight/obesity and 
hypertension among females than males.

Overall, food insecurity was associated with a decreased 
likelihood of good cardiovascular health (CVH). Participants 
who were food insecure were significantly less likely to 
have good CVH compared to participants who were food 
secure.[23] Then, we computed OR of cardiometabolic 
biomarkers in food insecurity status. However, no 
significant associations between food insecurity status 
and cardiometabolic biomarkers, except for BMI and TG 
concentration, were observed. These results were similar 
to the results of Ford.[10] Nevertheless, Ford indicated that 

Table 5: Results of multinomial logistic regression of cardiometabolic variables which affect the probability 
household food secure status
Cardiometabolic biomarkers Mild food insecure Moderate food insecure Severe food insecure

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Weight 1.01 (0.99‑1.03) 0.444 1.00 (0.99‑1.02) 0.678 1.02 (0.99‑1.04) 0.065*
BMI 1.06 (1.01‑1.11) 0.030** 1.06 (1.01‑1.12) 0.024** 1.11 (1.04‑1.18) 0.001
TC 1.00 (0.99‑1.01) 0.587 0.99 (0.99‑1.00) 0.698 1.01 (0.99‑1.01) 0.106
LDL‑C 1.00 (0.99‑1.01) 0.266 1.00 (0.99‑1.01) 0.763 1.01 (0.99‑1.01) 0.121
HbA1c 1.00 (0.85‑1.17) 0.998 0.92 (0.77‑1.09) 0.326 1.10 (0.90‑1.34) 0.356
FBS 1.00 (0.99‑1.00) 0.914 0.99 (0.99‑1.00) 0.178 0.99 (0.99‑1.00) 0.464
HDL‑C 1.00 (0.98‑1.03) 0.872 1.02 (0.99‑1.04) 0.242 1.03 (1.00‑1.07) 0.027**
TG 0.99 (0.99‑1.00) 0.197 0.99 (0.99‑0.99) 0.003 0.99 (0.99‑1.00) 0.423
Systolic BP 0.99 (0.98‑1.00) 0.083 0.99 (0.98‑1.00) 0.128 1.00 (0.99‑1.01) 0.971
Diastolic BP 0.98 (0.96‑1.01) 0.122 0.99 (0.96‑1.01) 0.198 1.01 (0.991.04) 0.317
WC 1.00 (0.98‑1.02) 0.948 0.99 (0.97‑1.02) 0.570 1.02 (0.99‑1.04) 0.181
OR (95% CI) and P values of cardiometabolic biomarkers in household food secure status. Food secure is reference. *When gender entered the model, the P value got 
significant; **When gender entered the model, the P value got nonsignificant. OR = Odds ratio; CI = Confidence interval; FBS = Fasting blood sugar; HDL‑C = High‑density 
lipoprotein cholesterol; TG = Triglyceride; WC = Waist circumference; BP = Blood pressure; HbA1c = Glycosylated hemoglobin; LDL‑C = Low‑density lipoprotein cholesterol; 
TC = Total cholesterol; BMI = Body mass index
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adults aged 30–59 years with very low food security showed 
evidence of increased predicted 10‑year cardiovascular 
disease risk.[10] In contrast, Parker et al. revealed that adults 
in households with marginal and very low food security 
had a 1.80‑fold (95% CI: 1.30–2.49) and 1.65‑fold (95% 
CI: 1.12–2.42) increased odds of MetS, respectively.[7] 
Generally, women are greater than men at risk of food 
insecurity. Food insecurity OR in nondiabetic and diabetic 
women was 3.2 (95% CI: 1.3–7.7) and 2.4 (95% CI: 1.02–5.5) 
times higher than in men. Food security scores were 
significantly different between males and females.[14] In our 
study, household food insecurity OR in diabetic women 
was also 1.74, 2.39, and 2.73 times higher than in men for 
mild, moderate, and severe food insecurity, respectively.

One of the limitations of our study was drop out a number 
of patients with diabetes who did not participate in our 
investigation. One of the limitations of this research was to 
be cross‑sectional; however, the second phase of this cohort 
study has already begun. Therefore, the patients with type 2 
diabetes will be evaluated in terms of food insecurity.

CONCLUSIONS

Food insecurity may deteriorate some cardiometabolic 
biomarkers in type 2 diabetes. Finally, these results 
emphasize the need for interventions focus on prevention 
of household food insecurity and the decreasing prevalence 
of type 2 diabetes. Hence, further interventional research 
is needed in this population to determine associations 
between improvement of food security and decreasing 
of cardiovascular risk markers and MetS components. 
Therefore, food security can play a significant role in the 
prevention and management of diabetes, and improving 
food security in patients with diabetes may help reduce 
cardiovascular disease. Food dietary assessment and 
screening with a validated measure may facilitate 
identification of patients at risk of food insecurity.
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