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Abstract

Background: The prevalence of food insecurity (FI) as “the limited or uncertain availability of enough food for an
always active and healthy life” and diabetes as “the most common metabolic disease” are rising in Iran. The aim
was to assess the FI, depression, and socioeconomic status as risk factors for type 2 diabetes (T2D).

Methods: This case-control study was conducted on 135 patients with T2D as cases (99 females, 36 males, mean
age 46.83 years) and 135 subjects without diabetes (89 females, 46 males, mean age 45.93 years) as controls. They
had been referred to clinics of Shiraz University of Medical Sciences, Shiraz, Iran. The prior major inclusion criterion
for diabetes was fasting blood sugar (FBS) ≥126 mg/dl. General, demographic, and socioeconomic characteristics
and FI status were assessed using the general and 18-items United States Department of Agriculture (USDA)
household food security questionnaires, respectively. Chi-square, t-test, and uni-and multi-variate logistic regression
tests and SPSS16 statistical software were used.

Results: The prevalence of FI was 66.7% in cases and 41.5% in controls. According to final analysis model, FI (Odds
Ratio [OR] = 1.9, P = 0.016), depression (OR = 2.0, P = 0.018), body mass index (BMI) ≥ 25 kg/m2 (OR = 1.8, P = 0.025),
number of children ≥4 (OR = 1.7, P = 0.046), and having children under 18 years. (OR = 2.1, P = 0.011) were
significant independent risk factors for T2D.

Conclusion: The prevalence of FI in patients with T2D was significantly higher compared to the controls. FI was an
important risk factor for T2D, even after controlling for the potential confounders. Further studies are suggested.
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Background
Food insecurity (FI) as the lack of enough food for an ac-
tive and healthy life [1–3] ranges from concern about
availability and accessibility of food at the household level
to starvation among children. Although FI and famine
occur from financial constraints, the measurement of pov-
erty and income data would not give clear information on
the household food security status [4]. Food and nutrition

are fundamental needs in the mental and physical health
of humans [5]. FI has the different potential health conse-
quences including overweight or obesity, chronic diseases,
hypertension, dyslipidemia, mental disorders especially de-
pression [3, 6], cancer [2, 7, 8], and low intelligence quo-
tient [9]. The Economic Research Service (ERS) of USDA
reported about half of FI is in Asia and likely near to 20%
of them are faced with hunger [2]. According to previous
studies, FI is affected by various factors such as the age,
status of the household head, economic level, the employ-
ment status, the ethnicity, the family size, and the dietary
habits [10].
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T2D as one of the most common metabolic diseases
and a World Health Organization (WHO) priority is re-
lated to different damages, chronic diseases [11, 12], and
dietary fats [13, 14]. It estimated the prevalence of T2D
in Iran about 7% up to 2025 [15]. However, the recent
prevalence of diabetes in Iranian adults was 8.9% [16].
Budget limitations in food insecure individuals lead to

buying cheaper and high dense calorie foods; which
might contribute to obesity, and increased susceptibility
to chronic illnesses including depression, T2D, and other
medical condition [3]. Two previous studies in Canada
and the USA have described the relationship between FI
and diabetes [10, 17].
According to recent studies, the prevalence of FI [17–

25] and the T2D [15, 26, 27] are rising in Iran. Due to
the adverse consequences of FI and diabetes on health
and no previous Iranian studies on FI as a risk factor for
T2D, this study was designed to assess FI and associated
socioeconomic factors and depression as risk factors for
T2D among the newly diagnosed patients.

Methods
This case-control study was conducted on 135 patients
(99 women and 36 men, average age of 46.83 years) with
T2D as cases and 135 similar participants without T2D
(89 women and 46 men, average age of 45.93 years) as
controls in 2012. The locations of random sampling
were clinics of Shiraz University of Medical Sciences,
Shiraz, Iran.
In the beginning, a pilot study was done on 40 newly

diagnosed patients with T2D to calculate the sample
size, know the conditions, and determine the accuracy.
According to the pilot study in four clinics called Gha-
mar-e-Banihashem, Nader Kazemi, Yaghtin, and Hazrat-
e-Abolfazl, the prevalence of FI in the participants with
and without T2D was 60% (P1) and 42% (P2), respect-
ively. The type I and type II errors were considered 0.05
and 0.2. The sample size was calculated 122 subjects by
the proper formula. Also, the sample size was calculated
29 subjects according to the formula and the prevalence
of depression in previous studies as 11.3 and 40.6% in
participants with and without T2D [28]. Thus, it was de-
termined a 135 subject sample for each group by consid-
ering an 8% dropout rate (the lack of cooperation until
the end of the questioning). However, the dropout rate
was zero at the end.
From 12 diabetes screening clinics, four above-

mentioned clinics were randomly selected. The inclu-
sion criteria were the age 30–60 years, fasting blood
sugar (FBS) ≥ 126 mg/dl and newly diagnosed T2D
(within less than 1 month) for the cases, and FBS < 126
mg/dl for the controls. The exclusion criteria were a
history of the cardiovascular diseases, cancer, diabetes
within more than0 1 month, and any medication for

hypertension, dyslipidemia, and diabetes, any dietary
changes, pregnancy or breastfeeding, and not informed
consent for the enrollment.
First, the patients with T2D according to the screening,

lab results, and eligibility criteria were identified and re-
ferred to the principal investigator as the interviewer. The
clinics were located in different parts of Shiraz and in-
cluded different social and economic classes. After neces-
sary explanations about the study and signing the
informed consent form, the questionnaires including the
general, food security status, Beck depression, and MET
physical activity were completed by interviewing, respect-
ively. The general questionnaire included the demographic
and socioeconomic characteristics such as age, marital sta-
tus, employment status, education level, number of chil-
dren, family size, having children under 18-year-old,
monthly income, menopause status, and the type of oil
consumed. The food security status was determined using
the 18-item USDA household food security questionnaire
[29] that is valid and reliable in Iran [18, 22]. The scoring
method for this questionnaire was: a positive score (score
1) to answers “often”, “sometimes”, “almost every month”,
“some months”, and “yes” and score 0 to answers “not cor-
rect”, “refused or didn’t know”, “only once or twice a
month”, and “no” (Table 1) [29]. This study lasted from 24
September 2012 until 22 August 2012. The duration of
the study was nearly 6months.
The Beck depression questionnaire for assessing de-

pression status was the usual form with 21 items. Beck
is a self-report test to measure the intensity of depres-
sion. The questions are scored from 0 to 3 and the over-
all score is determined by summing all of the scores and
ranged between 0 and 63. According to Beck, scores 0–9
is considered as no depression, 10–18 mild depression,
19–29 moderate depression, and 30–63 severe depres-
sion (Table 2). In this study according to Beck et al. [30]
scores ≥19 were considered as depressed. This question-
naire is valid and reliable around the world (Cronbach’s
alpha between 0.73–0.92 [30, 31] and 0.92 in Iran [32]),
doesn’t need the specialized knowledge for carrying out,
and can be completed in a short time.
The weight was measured using the Germany Seca-

760® analog scale with a 100-g accuracy with minimum
coverage and without shoes, the height was measured
using the tape measure on the wall with a 0.5 cm accur-
acy according to standard instructions. The body mass
index (BMI) was calculated using dividing the weight
(kg) into the square of height (meter) (as weight/height2)
. The BMI of subjects with normal weight and over-
weight/obesity was between 18.5–24.9 kg/m2 and ≥ 25
kg/m2, respectively.
The classified physical activity questionnaire was based

on the metabolic equivalents (METs) of tasks with 9 ac-
tivity levels from rest and sleep (METs = 0.9) to severe
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activity (METs> 6) [33]. Activities with MET< 3 were
considered as sedentary activities, with MET between 3
and 6 as moderate activities, and with MET> 6 as severe
activities. This questionnaire was valid and reliable in
Iran [34]. The design of it is simple with 9 rows accord-
ing to the intensity of physical activity from up to down
as METs 0.9, 1, 1.5, 2, 3, 4, 5, 6, and > 6. The amount of
activity as MET.Hour/day and the weight were used to
determine the expended energy of activities per day.
Given that the type of dietary oil affects the incidence

of metabolic disorders including diabetes [14], it was
assessed as a risk factor.
The chi-square, t-test, and univariate logistic regres-

sion tests and the statistical software SPSS16 were used.
Finally, all of the significant statistically factors in the
univariate analysis models were entered backward to the
multivariate logistic regression model to control the
likely confounders and identify the important independ-
ent risk factors. The p-value ≤0.05 was statistically con-
sidered significant.

Ethical considerations
This case-control study was approved by the ethics com-
mittee of the Tehran University of Medical Sciences
(Registration No. 146).

Results
The gender distribution was 73.3% female and 26.7%
male in the patients with T2D and 65.9% female and
34.1% male in the participants without T2D. The average
age was 46.83 years in cases and 45.93 years in controls.
The age and gender between the two groups were nearly
similar, although matching has not been done for partici-
pants at the beginning.

The marital and menopause status, age, gender, height,
and employment status were not significantly related to
T2D in newly diagnosed patients (Table 3).
The prevalence of FI was 66.7% in the patients with

T2D and 41.5% in controls and this difference was sig-
nificant (P < 0.05). The chance of diabetes in the food in-
secure participants was 2.8 (95% CI: 1.71–4.63) times
more than the food secure ones. 43.7% of the patients
with T2D and 26.7% of the participants without T2D
were depressed (P < 0.05). The odds ratio of diabetes in
the depressed participants was 2.1 (95% CI: 1.28–3.55)
times higher. Also, the patients with T2D had signifi-
cantly lower educations, economic level, and income
and higher family size and the number of children than
controls (P < 0.05). The difference of consumed oil type
between the two groups was significant, so that, 53% of
the patients with T2D and 77% of the controls used li-
quid oil. The overweight or obesity was nearly 65%
among the patients with T2D and about 46% in the par-
ticipants without T2D and this difference was statisti-
cally significant (P < 0.05). The odds ratio for diabetes in
overweight/obese subjects was 2.1 (95% CI: 1.30–3.47)
times higher. In addition, the differences between
weight, BMI, MET, and final energy of various activities
in the participants with and without T2D were signifi-
cant (P < 0.05, Table 3).
According to the final analysis model, FI, depression,

overweight/obesity, the number of children ≥4, and hav-
ing children under 18 years were important independent
risk factors for T2D, even after controlling for the poten-
tial confounders. The chance of T2D in the food inse-
cure, depressed, and overweight/obese participants was
1.9 (95% CI: 1.13–3.33), 2.0 (95% CI: 1.13–3.61), and 1.8
(95% CI: 1.07–3.08) times higher (Table 4).

Discussion
The prevalence of mild-to-severe FI in the participants
with and without T2D was 66.7 and 41.5%, respectively.
43.7% of the patients with T2D and 26.7% of the partici-
pants without T2D were depressed. These differences
were statistically significant. According to the final ana-
lysis model, FI, depression, overweight/obesity, number
of children ≥4, and having children under 18 years were

Table 1 The household food security status based on the food security questionnaire final score

Food security status code Number of positive answers

Families with children under 18 (total score: 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) [29]

Table 2 The classification of depression status based on scores
of the Beck questionnaire

Depression status Total score

No depression 0–9

Mild depression 10–18

Moderate depression 19–29

Severe depression 30–63
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Table 3 General characteristics, socioeconomic factors, anthropometric measurements, consumed oil type, and physical activity
status in the participants with and without type 2 diabetes (T2D)

Variables Cases Controls OR (95% CI) P-value

Number (%) or Mean ±
SD

Number (%) or Mean ±
SD

Food security status Food secure 45 (33.3) 79 (58.5) 1 <
0.001*
<
0.001○

Food
insecure

Food insecure without hunger 64 (47.5) 51 (37.8) 2.8 (1.71–
4.63)

Food insecure with moderate
hunger

20 (14.8) 5 (3.7)

Food insecure with severe hunger 6 (4.4) 0 (0)

Depression status Not depressed 76 (56.3) 99 (73.3) 1 0.003*
0.004○

Depressed 59 (43.7) 36 (26.7) 2.1 (1.28–
3.55)

Educational level Diploma and higher 38 (28.1) 66 (48.9) 1 <
0.001*
0.001○Under diploma 97 (71.9) 69 (51.1) 2.4 (1.47–

4.04)

Economic status Good (wealthy & average) 59 (43.7) 85 (63.0) 1 0.002*
0.002○

Poor 76 (56.3) 50 (37.0) 2.1 (1.34–
3.56)

Family size Less than 5 people 53 (39.3) 72 (53.3) 1 0.020*
0.021○

5 people and more 82 (60.7) 63 (46.7) 1.7 (1.09–
2.86)

Number of children Less than 4 children 50 (37.0) 73 (54.1) 1 0.005*
0.005○

4 children and more 85 (63.0) 62 (45.9) 2.0 (1.23–
3.25)

Having children under
18

No 83 (61.5) 105 (77.8) 1 0.004*
0.004○

Yes 52 (38.5) 30 (22.2) 2.1 (1.28–
3.73)

Income status ≥6,000,000 riyal IRN 61 (45.2) 92 (68.1) 1 <
0.001*
<
0.001○

< 6,000,000 riyal IRN 74 (54.8) 43 (31.9) 2.5 (1.58–
4.26)

Consumed oil type Liquid 72 (53.3) 104 (77.0) 1 <
0.001*
<
0.001○

Solid and liquid 63 (46.7) 31 (23.0) 2.9 (1.73–
4.96)

BMI 18.5–24.9 (normal) 48 (35.6) 73 (54.1) 1 0.002*
0.002○

≥25 (overweight/obese) 87 (64.4) 62 (45.9) 2.1 (1.30–
3.47)

Marital status Single, deceased spouse and divorced 18 (13.3) 15 (11.1) – 0.57*

Married 117 (86.7) 120 (88.9)

Employment status Housewife 90 (66.7) 75 (55.6) – 0.06*

Employed 45 (33.3) 60 (44.4)

Menopause status female Menopause 52 (38.5) 36 (26.7) – 0.10*

Non-menopause 47 (34.8) 53 (39.3)

Male 36 (26.7) 46 (34.1)

Gender Female 99 (73.3) 89 (65.9) – 0.18*

Male 36 (26.7) 46 (34.1)

Age (yrs) 46.8 ± 5.4 45.9 ± 5.9 – 0.19●

Weight (kg) 74.4 ± 9.7 71.6 ± 9.3 – 0.016●

Height (cm) 165.1 ± 8.2 166.9 ± 7.7 – 0.06●

BMI ð kgm2Þ 28.0 ± 4.0 26.1 ± 3.3 – <
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the important independent risk factors for T2D, even
after controlling for the potential confounders.
Two separate cross-sectional studies had been previ-

ously conducted on the relationship between FI and dia-
betes in Canada and the United States of America (USA)
. According to the study in the USA on adults above 20
years, the prevalence of diabetes in the food secure, low
food insecure, and severe food-insecure participants was
11.7, 10, and 16.1%, respectively. The prevalence of dia-
betes in severe food-insecure participants was signifi-
cantly higher compared with the food secure and low
food insecure subjects even after controlling for the po-
tential confounders. So, FI was considered as a risk fac-
tor for diabetes [35]. In another study on patients with
diabetes in Canada, the prevalence of FI among the par-
ticipants with and without diabetes was 9.3 and 6.8%,
and this difference was significant [36]. A case-control
study in Latin America showed the chance of T2D in
very low food insecure participants was 3.3 times higher
compared with others [37]. The dietary intake of cheap
foods with high energy and poor nutrients in food inse-
cure subjects may play an important role in this relation-
ship [35]. In other words, FI can lead to a decrease in
costs for foods, dietary intake reduction, and change of
the consumed food type [6, 38, 39]. So, the variety of
consumed food decreases and the use of high-calorie

foods will increase. These high-calorie foods include re-
fined grains and trans or saturated fats and are cheaper
and lower nutritional quality [40]. Thus, these dietary
patterns can increase the risk of metabolic diseases such
as obesity and diabetes [41].
In line with our results, four separate studies reported

the prevalence of moderate-to-severe depression in the
patients with diabetes 40.6% [42], 41.9% [43], 40.6% [44],
and 41% [45]. However, the prevalence of depression in
the general population of Iran was reported between 4.2
to 37% [46] and in the American adults above 65 years
was 46.6% [47]. According to other studies in Iran, the
prevalence of depression in patients with diabetes was
reported 78% [32], 53% [48], and 64% [49]. The likely
reason for the difference is score borderline for depres-
sion in these studies. According to the results of two
separate studies, the chance of depression in patients
with diabetes was 2 times more than the participants
without diabetes [50, 51]. The depressed subjects are
usually different from others in dietary intakes, control-
ling blood sugar, and self-caring [52]. Also, brain seroto-
nergic activity and prolactin response are lower in
subjects with metabolic syndrome and insulin resistant
[53]. Some studies have shown emotional reactions may
increase glycogenolysis, gluconeogenesis, and insulin re-
sistance, decrease insulin secretion and subsequently in-
crease the risk of diabetes in the patients [54]. In
addition, hypothalamus-pituitary-adrenal-neurotrophin
axis, neurotransmitters, and inflammatory factors are in-
volved in pathology and the development of depression.
Similarly, disorders of the immune system can also in-
crease insulin resistance and the risk of T2D [55, 56].
In a study in 2003, a positive and significant relationship

was observed between the chance of diabetes and high
BMI [43]. Another study indicated that BMI < 25 kg/m2

can reduce the risk of diabetes [13]. In previous studies, a
strong positive correlation between obesity (BMI ≥ 35 kg/
m2) and the risk of diabetes have been reported. The over-
weight and obesity were related to FI in previous studies
[57, 58] and so, they may indirectly increase the risk of
diabetes. In the separate studies on women of California
[59, 60], rural households of Malaysia [61], American
adults [62], and groups of women [63], the prevalence of

Table 3 General characteristics, socioeconomic factors, anthropometric measurements, consumed oil type, and physical activity
status in the participants with and without type 2 diabetes (T2D) (Continued)

Variables Cases Controls OR (95% CI) P-value

Number (%) or Mean ±
SD

Number (%) or Mean ±
SD

0.001●

The amount of activity ðMET :Hrday Þ 36.7 ± 3.3 40.1 ± 4.9 – <
0.001●

Final energy of activities Kcal Hr 2630.5 ± 454.2 2782.3 ± 525.5 – 0.012●

*Chi-square test; ○Logistic regression; ●Independent t-test

Table 4 Odds ratio (OR) and 95% confidence intervals (CI) of
variables describing the important risk factors for type 2
diabetes (T2D)

Factors OR (95% CI) P-value

Food security Food secure 1 0.016

Food insecure 1.9 (1.13–3.33)

Depression Non-depressed 1 0.018

Depressed 2.0 (1.13–3.61)

BMI 18.5–24.9 (normal) 1 0.025

≥ 25 (overweight/obese) 1.8 (1.07–3.08)

Number of children < 4 1 0.046

≥ 4 1.7 (1.01–2.97)

Children under 18 No 1 0.011

Yes 2.1 (1.19–3.88)
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overweight was significantly higher in the food insecure
group compared with food secure group. The most previ-
ous studies in Iran showed a positive and significant cor-
relation between BMI and FI [18, 21, 64]. However, in
some studies, BMI was not significantly related to FI [65–
67]. Usually, the food insecure subjects use high calorie
and cheap dietary patterns and thus are in the risk of over-
weight, obesity, metabolic syndrome, insulin resistance,
and subsequently diabetes. Also, high BMI and obesity
can increase the risk of metabolic diseases such as T2D by
affecting inflammatory factors.
Only a cross-sectional study on patients with T2D in

Tehran, Iran, 2010 showed a negative relationship be-
tween family size and the number of children > 3 and
consuming fruits and vegetables that is a protective fac-
tor for diabetes [68]. In addition, FI is positively and sig-
nificantly related to family size, the number of children
[22, 63, 69–71], and having children under 18 [17, 18,
72, 73] according to different studies. The family size,
number of children, and having children under 18 may
affect the household food security and subsequently diet-
ary patterns and risk of T2D. Children under 18 are not
independent financially and routinely their parents pro-
vide their needs.
According to several studies, the physical activity level

was negatively correlated with the risk of T2D [13, 74,
75]. Increasing physical activity can improve metabolism,
insulin resistance, obesity, and T2D [76].
Several studies have shown a significant relationship

between T2D and socioeconomic factors [77] although
some results were controversial [78, 79]. The lower
socio-economic levels may affect FI, dietary patterns,
and subsequently T2D. The menopause status and risk
of diabetes were related in some studies [80]. In this
study, the menopause status was similar between the
two groups. According to previous studies, the relation-
ship between gender and T2D is controversial [75, 81–
87]. The distribution of gender in two groups of this
study was similar. Commonly, T2D increases with age
[75, 79, 81, 88]. The range of age in two groups of our
study was similar.
The budget limitations in FI individuals lead to pur-

chase cheaper and high dense calorie foods; which might
contribute to obesity, and increased susceptibility to
chronic illnesses including depression, T2D and other
medical conditions [3]. Finally, in the interpretation of
the results and the potential underlying mechanisms of
the association between FI and T2D, we can point to the
adverse effects of the lower socioeconomic status as
more number of the children and having the children
under 18 years. on the increasing FI and consequently
developing the BMI, depression, stress, and dietary inad-
equacy. Anyone of these changes can separately increase
the incidence of T2D.

The strengths were first assessing FI as a risk factor for
T2D, case-control design as the controls were selected
from the same population with the same characteristics,
and selecting the newly diagnosed patients which prevent
bias. However, the limitations were the disadvantages of
the case-control study such as the fact that they generally
do not allow calculation of incidence (absolute risk) and
slow sampling because of selecting the newly diagnosed
patients and specific clinics and the lack of cooperation of
some patients. We think slow sampling does not have sig-
nificant effects on the results because all participants were
equally likely to have been selected.

Conclusion
According to the final analysis model, the important in-
dependent risk factors for T2D were FI, depression,
overweight/obesity, and family size, even after control-
ling for the potential confounders. So, it would be neces-
sary to assess FI and associated factors and depression
as the likely risk factors for metabolic diseases such as
T2D. However, the causality needs to further be studied
by different studies, including cohorts or other case-
controls.
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