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Abstract

Background: There is mixed evidence about food insecurity and overweight/obesity coexisting, however it is unclear about associa-
tion between food insecurity and weight status in people with type 2 diabetes. Therefore, the aim of this study was to evaluate the rela-
tionship between food insecurity and weight status in individuals with type 2 diabetes in rural areas in Iran.

Methods: 1847 patients with type 2 diabetes who were residence in rural areas completed Household Food Security Scale (six-item
short questionnaire). Logistic regression model was applied to assess the independent effect of food insecurity on weight status.

Results: Mean age of the study population was 62.6+11.8 years, and the majority of them were female (70.4%). Most of the study
population (70.4%) had unhealthy weight status. Food insecurity affected more than 46% (n=852) of the households of the study popu-
lation. According to weight status, more than 40% (n=565) of overweight and obese subjects and 60% (n=18) of underweight subjects
lived in households with food insecurity. The results of multiple logistic regression model showed that food insecurity was not an in-
dependent significant predictor of overweight or obesity in patients with type 2 diabetes. However, low food security (LFS) was an
independent significant predictor for underweight in patients with type 2 diabetes (OR=2.35, P=0.041).

Conclusion: It is concluded that food insecurity was frequent in all levels of weight status of patients with type 2 diabetes in rural
regions. However this association observed in underweight individuals but there was no significant overall relationship between
household food insecurity and in overweight and obesity in this group of patients.
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Introduction

Overweight and obesity are major public health issues
which its prevalence is intensely increasing in the world
(1) and efforts to decrease the spread demonstrate a priori-
ty of the public health issue. Overweight/obesity is related
to the prevalence of chronic diseases, including cancers,
type 2 diabetes, and cardiovascular disease (2). Obesity is
defined as the fat increase in a too much shape in adipose
tissue; it may cause some serious health worries that can
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vary from a disability to death (1). Remarkable considera-
tion is being focused on the obesity complications in at-
risk people (3). Causes of the rise in overweight/obesity
are not completely understood, even though the low level
of exercise and eating high-fat foods or using carbohy-
drates are believed to be participating factors (4). Howev-
er, it has also been recommended that overweight/obesity
may happen because of inadequate food accessibility, and

1What is “already known” in this topic:

There have a limited number of studies investigating the rela-
tionship of weight status with food insecurity in patients with
type 2 diabetes, and they have revealed conflicting and com-
plex results.

— What this article adds:
The findings of this study emphasize the necessity to consider

household food insecurity as an effective factor related to un-
derweight among the individuals with type 2 diabetes who live
in rural areas.
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Table 1. Ttems of household food security short questionnaire

Item

1 In the last 12 months, did you or any other in your household ever had to cut the size of your meals or skipped meals entirely because there

was not enough money for food?
If yes, how often did this happen?

[V NSNUS I )

other members of your household in the last 12 months?

In the last 12 months, did you ever eat less than you felt you should because there was not enough money to buy food?
In the last 12 months, were you ever hungry, but did not eat because you could not afford enough food?
The food that I/we bought just did not last, and I/we did not have money to get more. Was this often, sometimes, or never true for you or the

6 I/we could not afford to eat balanced meals. Was this often, sometimes, or never true for you or the other members of your household in the

last 12 months?

this happens if food insecurity leads to an intake of obesi-
ty-enhancing foods (5). Food security is a condition in
which individuals have the accessibility of adequate and
nourishing diet for a healthy life at all times (6). Food
insecurity has been related to lower dietary intakes of vital
foods (7). Various factors can be associated with food
insecurity (such as economic, social and environmental
factors) (8-10). Food insecurity has limited availability or
accessibility of food in socially appropriate means. Over
time, these fewer consumptions could increase the risk of
developing diet-related to chronic diseases. Food insecuri-
ty could have a bad effect on well-being (11). Additional-
ly, food insecurity has been related to poor disease con-
trolling in persons with chronic diseases like diabetes (12).
People with food insecurity may consume more calori-
cally dense food which allowing individual potentially
access higher bodyweight (13). Studies have shown that
the risk of type 2 diabetes is increased with over-
weight/obesity (14-15). Despite of the increasing numbers

Table 2. Characteristics of study population by their weight status

of overweight and obese individuals, the underweight
population was also observed in same households (16-17).
Therefore, it is possible that we observe underweight and
overweight people in food secure or insecure households.

There have found a limited number of studies investi-
gating relationship of overweight/obesity and underweight
with food insecurity in type 2 patients with diabetes, and
they have revealed conflicting and complex results. Alt-
hough the significant relationships between food insecuri-
ty with overweight/obesity and underweight were reported
in some studies (12, 18-20), the other studies did not re-
port any significant relationship (21-23), or it was found
an opposite association (24). The effects of over-
weight/obesity, underweight and food insecurity are dam-
aging to health. The bad health consequences resulting
from overweight/obesity, underweight and food insecurity
are sometimes permanent and may result in a decreases in
the quality of life and well-being (3).

Given that few studies have investigated in the area of

Variable All Normal Underweight Overweight Obese

(n=1847) (n=547) (n=30) (n=809) (n=461)
No % N (%) N (%) N (%) N (%)

Sex

Male 547 29.6 164 (30) 14 (2.6) 252 (46.1) 117 (21.4)

Female 1300 70.4 383 (29.5) 16 (1.2) 557 (42.8) 344 (26.5)

Age

<62y 993 53.8 243 (24.5) 14 (1.4) 455 (45.8) 281 (28.3)

>62y 854 46.2 304 (35.6) 16 (1.9) 354 (41.5) 180 (21.1)

Marital status

Married 1471 79.6 406 (27.6) 18 (1.2) 664 (45.1) 383 (26)

Single™ 376 20.4 141 (37.5) 12 (3.2) 145 (38.6) 78 (20.7)

Education levels

Illiterate 1229 66.5 389 (31.7) 23 (1.9) 543 (44.2) 274 (22.3)

Elementary or above 618 335 158 (25.6) 7(1.1) 266 (43) 187 (30.3)

Current cigarette use

No 1361 73.7 387 (28.4) 27 (2) 612 (45) 335 (24.6)

Yes 486 26.3 160 (32.9) 3(0.6) 197 (40.5) 126 (25.9)

Household income***

<200% 1476 79.9 459 (31.1) 26 (1.8) 642 (43.5) 349 (23.6)

>2008 371 20.1 88 (23.7) 4(1.1) 167 (45) 112 (30.2)

Family size*

<3 984 58.5 322 (32.7) 18 (1.8) 417 (42.4) 227 (23.1)

>3 699 41.5 176 (25.2) 9(1.3) 318 (45.5) 196 (28)

Duration of disease

<10y 1114 60.3 282 (25.3) 16 (1.4) 513 (46.1) 303 (27.2)

210y 733 39.7 265 (36.2) 14 (1.9) 296 (40.4) 158 (21.6)

Food insecurity

HFS 995 53.9 278 (27.9) 12 (1.2) 446 (44.8) 259 (26)

LFS 433 234 134 (30.9) 4(0.9) 184 (42.5) 111 (25.6)

VLFS 419 22.7 135(32.2) 14 (3.3) 179 (42.7) 91 (21.7)

*Some data were missing in these variables. ** Including single, widow and divorced.

**% 200$ = 6000000Rials.

Abbreviations: High or marginal Food Security (HFS), Low Food Security (LFS), Very Low Food Security (VLFS)
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food insecurity, overweight/obesity and underweight
among patients with type 2 diabetes with mixed results
therfeore this study aimed to assess the relationship
between of food insecurity with overweight/obesity and
underweight in people with type 2 diabetes who live in
rural areas in northeast of Iran.

Methods

This survey was carried out on 1847 patients with type 2
diabetes. These patients were recruited and selected from
health centers in rural regions of Neyshabur city located in
northwest of Iran .

Then, data were gathered through home interviews by
trained researchers. All participants were informed about
the purpose of this study. Additionally, verbal consent was
taken from all patients to take part in this study. A final
sample was recruited to have the following eligibility cri-
teria: diagnosed with type 2 diabetes, age 30 years or more
at the time of data detection, placed in Neyshabur rural
regions (six months prior to interview), having no audio-
visual problems and agree to participate in the study.
Socio-demographic information including; age, gender,
marital status, education levels, current cigarette status,
household income, family size, duration of disease and
anthropometric data were asked.

The anthropometric assessment was performed according
to the CDC (25) measures that included the weight and
height of all eligible patients with type 2 diabetes in the
selected households. Standing height was assessed using a
stadiometer with 1-mm accuracy. Weights were calculated
with a digital scale with 100-g accuracy. From these di-
mensions, the body mass index (BMI) was measured, as
weight (kg)/height (m2). Patients were categorized as un-
derweight (BMI<18.5kg/m2), normal weight (BMI=18.5—
24.9 kg/m2), overweight (BMI=25.0-29.9 kg/m2), and
obese (BMI>30 kg/m?2).

Persian version of Household Food Security Scale (six-
item short questionnaire) was applied for assessing house-
hold food security in the study population (Table 1) (26).

Households were classified as ‘food-insecure’ if the re-
spondent answered positively to two or more of the 6
household food security questions. For questions, number
1, 3 and 4, “Yes” was regarded as positive answers, and
for item number 2 “Almost every” and “some months”
were positive answers. “Often” and “sometimes” were
noted positive answers for items five and six.

Households that reply to all items negatively or just a
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positive answer, were classified as high or marginal food
security (HFS), households with 2-4 positive answer were
classified as low food security (LFS), and those answered
5-6 positive answer were classified as very low food secu-
rity (VLES).

Multiple logistic regression model was also applied to
assess the effect of food insecurity on weight status. P-
values less than 0.2 in univariate analyses and less than
0.05 in multiple analyses were considered as statistically
significant.

Results

Characteristics of the Study population

Table 2 presents the descriptive statistics for surveyed
variables as well as subject demographics. The mean+SD
age of our study population was 62.6+11.8 years. Female
patients made up the majority of the study population
(70.4%). Almost one in five patients was living alone.
Based on the percentile cutoffs for BMI, as suggested by
the CDC, most individuals (70.4%) in the study popula-
tion were considered to have an unhealthy weight status
(1.6% of them was underweight, 43.8% was overweight,
and 25% was obese) while just 29.6% (n=547) of the sub-
jects had the healthy weight (normal weight). Food inse-
curity affected approximately 46.1% (n=852) of the
households of the study population. According to weight
status, more than 40% (n=565) of overweight and obese
subjects and 60% (n=18) of underweight subjects lived in
households with food insecurity (Fig. 1). Participants in
households with food insecurity had a BMI of 27.0 (SD =
4.8) on average, compared to participants in households
with food security who had an average BMI of 27.3 (SD =
4.5) (p=0.2).

Univariate associations

Associations between weight status of patients with type
2 diabetes and the surveyed variables are listed in Table 3.
The results show that VLFS had an association with un-
derweight, overweight and obesity in the patients (p<0.2).
But, the LFS did not have an association with under-
weight, overweight and obesity in the patients (p>0.2).

Results from multiple logistic regression models

Results from the multiple logistic regression models
have shown in Table 4. Food insecurity (LFS & VLFS)
was not a significant predictor for overweight or obesity in
patients with type 2 diabetes, as controlled for potential
confounders. Nonetheless, food insecurity (VLFS) was a

mLFS mVLFS

]
n
wn
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19.9

Obese

Fig. 1. Distribution of samples according to food security and weight status
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Table 3. Unadjusted odds ratio (OR) estimates of different variables based on univariate analyses

Underweight Overweight Obese
Variable OR p OR p OR p
(95% CI) (95% CI) (95% CI)
Sex (Female) 0.49 0.058 0.95 0.647 1.26 0.11
(0.23,1.03) (0.75, 1.20) (0.95, 1.66)
Age (>62y) 0.91 0.810 0.62 <0.001 0.51 <0.001
(0.44,1.91) (0.50,0.77) (0.40, 0.66)
Marital status (Single)* 1.92 0.091 0.63 0.001 0.59 0.001
(0.90, 4.09) (0.48,0.82) (0.43,0.80)
Education levels ( Elementary or above) 0.75 0.514 1.21 0.120 1.68 <0.001
(0.32,1.78) (0.95,1.53) (1.29,2.18)
Current cigarette use (Yes) 0.27 0.033 0.78 0.045 0.91 0.50
(0.08 , 0.90) (0.61,0.99) (0.69 , 1.20)
Household income (>200$) 0.80 0.689 1.36 0.036 1.67 0.001
(0.27,2.36) (1.02, 1.80) (1.23,2.29)
Family size (>3) 0.92 0.832 1.40 0.005 1.58 0.001
(0.40,2.08) (1.10, 1.76) (1.21,2.06)
Duration of disease (=10 y) 0.93 0.849 0.61 <0.001 0.56 <0.001
(0.45,1.95) (0.49,0.77) (0.43,0.72)
Food insecurity LFS 0.69 0.53 0.86 0.256 0.89 0.447
(0.22,2.18) (0.65,1.12) (0.66 , 1.20)
VLFS 2.40 0.031 0.83 0.165 0.72 0.044
(1.08, 5.34) (0.63, 1.08) (0.53,0.99)
* Including single, widow and divorced
Abbreviations: OR (Odds Ratio), P.v (P.value), Low Food Security (LFS), Very Low Food Security (VLFS)
Table 4. Adjusted odds ratio (OR) estimates of different variables based on multiple logistic regression analyses
Underweight Overweight Obese
Variable OR p OR p OR p
(95% CI) (95% CI) (95% CI)
Sex (Female) 0.3 0.005 - - 174 0.001
(0.13,0.69) (0.95, 1.66)
Age (>62y) - - 0.88 0.426 0.87 0.467
(0.64,1.21) (0.60, 1.26)
Marital status (Single)* 2.96 0.014 0.71 0.02 0.75 0.127
(1.25,6.99) (0.53,0.95) (0.52, 1.08)
Education levels (Elementary or above) - - 0.97 0.81 1.64 0.002
(0.74,1.27) (1.21,2.22)
Current cigarette use (Yes) 0.25 0.025 0.8 0.084 - -
(0.07,0.84) (0.61,1.03)
Household income (>2003) - - 1.31 0.079 1.45 0.032
0.97,1.77) (1.03,2.04)
Family size (>3) - - 1.20 0.156 1.34 0.042
(0.93,1.54) (1.01, 1.79)
Duration of disease (=10 y) - - 0.64 <0.001 0.62 0.001
(0.50,0.81) (0.47,0.82)
Food insecurity LFS - - - - - -
VLFS 2.35 0.041 0.83 0.21 0.81 0.234
(1.04,5.31) (0.61,1.11) (0.57,1.15)

* Including single, widow and divorced

Abbreviations: OR (Odds Ratio), P.v (P.value), Low Food Security (LFS), Very Low Food Security (VLFS)

significant predictor for the patients with underweight.
Odds of underweight in patients with diabetes who lived
in food-insecure households were over twice compared to
those who lived in food-secure houscholds (OR=2.35,
95% CI: 1.04- 5.31, p=0.041).

Discussion

The findings of study have shown that the prevalence of
household food insecurity in people with type 2 diabetes
who reside in rural areas is in almost 46 percent.
Prevalence of food insecurity for normal weight, under-
weight, overweight and obese people with diabetes were
49.2%, 60%, 45%, and 44.2%, respectively. Other studies
reported vary prevalence for example Cheng S., et al. (27)
reports that 32% of their study population was food inse-
cure and the majority of them were severely food-
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insecure. Similar prevalences from other studies has been
reported as 46% for US (28), 52.4% for Latinos (29) and
77% for Jordan (30).

Investigating socioeconomic status of the study popula-
tion may reveal possible explanation of high prevalence of
food insecurity. Participants in our study may spend some
part of their income on the medications that make them
susceptible to food insecurity. Other studies found that
poverty and low socioeconomic status are major causes of
food insecurity in the population (31-32). Moreover, other
factors such as gender, education level, duration of the
disease have direct relationships with income (30).

The vast majority of the studies conducted in the Iranian
population reports lower food insecurity values compared
to the present study (33-37). The higher levels of food
insecurity in our study compared to other published data
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may be as a result of the nature of sample which was
composed of patients with diabetes rather than healthy
people. Participant in this study may spend a lot of their
income on medicines to treat diabetes and its complica-
tion, which make them prone to food insecurity. All par-
ticipants of this study also lived in rural regions that may
be an effective factor in relation to food insecurity, be-
cause rural populations have lower income in comparison
to urban populations.

Other factors associated with food insecurity are gender,
age, education level and income (30, 38). As displayed in
Table 2, the majority of our participant are female
(70.4%), old (age>62 = 46.2%), with low education level
(most are illiterate) and from household with low income
(annually < 2008$).

An interesting result emerges when food insecurity was
investigated in the different categories of weight status. In
this study, the percentage of VLFS in normal, overweight
and obese patients were relatively similar, but it is very
different (more than 46%) in underweight patients. After
controlling for age, sex, household income and other
important confounders (Table 4), VLFS remained as an
important risk factor for underweight, while for over-
weight and obesity it was a non-significant protective
factor. This is in contrast with studies conducted in
healthy subjects. The study that conducted by Laraia BA
et al. (39) showed a linear positive association between
food insecurity and obesity level. Other results found that
persons who suffer from LFS were more likely to be
overweight (40-42).

However, few studies examined the link between food
insecurity and weight status in patients with diabetes. This
relationship remains controversial and may vary between
low- and high-income countries (43). While some studies
display a positive relation, others, such as the present
study, display negative associations. In a study conducted
on two Iranian ethnic groups, a different association was
observed between food insecurity and weight status for
Kurdish and Turkish ethnicity. Moderate and severe food
insecurity increases the chance of obesity in Turkish while
decreases general obesity in Kurdish people (44). Cheng
et al. (27) found that patients with diabetes suffering from
food insecurity were more likely to be underweight. So,
more percentages of food insecure individuals were in
lower categories of weight status than food secured pa-
tients. A similar study by Bawadi (30) was found that
higher BMI is found in severely food insecure patients as
compared to food secture and moderately food insecure
patients. Other studies conducted in the children (45) and
adult (46) with diabetes found no significant differences
between food secured and food insecure households. Con-
versely, some studies revealed a U-shaped pattern, while
food security decline to the moderate level, body weight
increased to the higher level, and in VLFS persons tend to
have lower BMI (47, 48).

Among healthy people, food insecurity may be associat-
ed with lower dietary quality and poor nutritional intake
but with consumptions of more calorically dense food
materials potentially leading to higher bodyweight (13).
Whereas in patients with diabetes, VLFS may be related

A. Gholami, et al.

to a reduction in food intake (49). Food insecure in pa-
tients with diabetes has marginally higher HbA1C level
(more than 7), therefore they are at higher risk for poorer
glycemic control and more susceptible to peripheral insu-
lin resistance. Over time this may lead to failure of pro-
ducing insulin beta-cells. In such circumstances, the brain
evolutionary mechanisms in trying to provide the neces-
sary energy for body vital function destroyed the subcuta-
neous fat and muscle tissue and resulted in less body
weight (50, 51).

There are some methodological limitations in present
study. First, food insecurity was measured as a household
scale while the weight status is an individual-level out-
come. When there is some level of food insecurity in a
household, most (but not all) of the family members are
usually affected. Second, in the present cross-sectional
study the temporality assumption of data collection was
not hold; therefore we cannot determine which of the two
factors, food insecurity or obesity, is prior to the other.

Due to the limitation in the number of food insecurity
studies on the diabetes population, more population-based
prospective cohort study with large sample size are need-
ed to explain how the food security status affects patients
with diabetes, particularly with regard to the adverse out-
comes such as underweight, overweight and obesity.

Conclusion

The results of this study have shown that food insecurity
was frequent in all levels of weight status of patients with
type 2 diabetes in rural areas and was associated with un-
derweight but not with overweight and obesity. Further-
more, this study emphasizes the necessity to consider
household food accessibility as a part of programs to im-
prove healthy food choices and good health among the
patients with type 2 diabetes particularly in rural areas.
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