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Abstract

Background: Monitoring of food insecurity is a critical issue for planners and policymakers in the public and private sectors in
developing countries. Due to the multifactorial and multidimensional nature of food security and a lack of clarity concerning the
causes, specific signs, and consequences of food insecurity, developing a reliable food security index is the major challenge related
to monitoring food security.
Objectives: The objective of this study was to identify the most appropriate indicators of food security at the provincial level in
Iran through the application of an integrated approach including Delphi (classic Delphi) and analytic hierarchy process (AHP) from
March to September 2013.
Materials and Methods: The sample included 43 senior-level managers and experts at the national and provincial levels from dif-
ferent fields of related sciences; they were selected purposively as Delphi and AHP panel members based on the experts’ opinions
and snowballing. In the first round of Delphi, out of 103 identified indicators, 38 were selected by the experts; the indicators were
ranked in the second round. In the AHP study, 25 experts assigned weights in a pairwise comparison of the 20 indicators that had
the highest priority based on the Delphi results. Using AHP matrix calculations, this list of indicators was ranked based on priority.
Results: Out of 38 indicators identified in Delphi, 8 were related to the availability dimension, 14 were related to the access dimen-
sion, and 16 were related to the utilization dimension. Out of 20 indicators that were ranked in the AHP study, 6 indicators were
related to availability, 7 were related to utilization, and 7 were related to access dimensions. However, the indicators related to avail-
ability had an overall higher rank compared to indicators related to access or utilization.
Conclusions: This study identified and ranked 20 indicators as the most appropriate indicators of food security measurements at
the provisional level in Iran.
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1. Background

Alarming reports of 870 million individuals suffering
from chronic undernourishment, the majority of them in
developing countries (1), make monitoring of food insecu-
rity a critical issue for legislators, planners, and managers
in governmental, public, and private sectors in developing
countries.

One of the major challenges faced when monitoring
the degree of food insecurity is developing reliable food
security indices (2, 3). The multifactorial and multidimen-
sional nature of food security (4) and the lack of clarity
about its causes, signs, and consequences (5) are among

the major challenges in developing reliable indices for
measuring food insecurity and vulnerability in different
countries.

An index of food security should identify the food in-
secure, assess the severity of their food deficit, and char-
acterize the nature of insecurity (seasonal versus chronic).
Furthermore, it should provide a basis for monitoring
progress and for assessing the impact of environmental
change or any interventions (2, 3).

Indicators used in measuring food insecurity cover a
wide spectrum of consumption, poverty, and nutritional
benchmarks (1). Some indicators of food insecurity are re-
lated to the cause of food insecurity, like the percentage of
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individuals receiving less than 70% of their daily energy
requirement or the unemployment rate, while some are
the results of chronic or acute food insecurity, such as an-
thropometric measures. Furthermore, the world health or-
ganization considers four food security dimensions food
availability, economic and physical access to food, food uti-
lization, and food stability (vulnerability and shocks) over
time (5).

Measuring many of indicators requires technologies,
cost, logistics, and expertise that are not readily available
in developing countries (6). The measurement cost and
sensitivity of indicators to identify food and nutrition in-
security and vulnerability are important criteria. Food
vulnerability refers to the condition that places vulnera-
ble people at risk of becoming food insecure (1). In Iran,
the presence of food insecurity and vulnerability in vari-
ous provinces and regions has been documented and at-
tributed to different causes in contrast with the adequate
food supply at the national level (7, 8).

2. Objectives

This study was conducted to identify the most appro-
priate indicators of food insecurity at the provincial level
in Iran through the application of an integrated approach
involving Delphi and the analytic hierarchy process (AHP).
This was a part of larger study to develop a composite in-
dex for measuring food insecurity at the provincial level in
Iran.

3. Materials and Methods

The study was conducted in multiple stages from
March to September 2013 using the two techniques of Del-
phi and AHP to select and prioritize the most appropri-
ate indicators of food insecurity and vulnerability in Iran.
A list of all indicators of food insecurity was collected
through a review of the literature. In this review, more
than 50 documents and papers, including the national re-
ports on food security in different countries; statistics and
reports of relevant Iranian ministries and organizations,
such as the ministry of Jihade Keshavarzi, the ministry of
health and medical education, and Iran statistics centre,
found by searching databases like SID, Magiran, and Iran
Medex; and reports of international organizations like the
food and agriculture organization (FAO), the world health
organization (WHO), and the world food program (WFP), as
well as other relevant international organizations’ reports
like the Food Insecurity and vulnerability information and
mapping systems (FIVIMS) reports, found by visiting the of-
ficial websites and searching databases like Google, Google

Scholar, PubMed, and Scopus. Key terms like “food secu-
rity,” “food vulnerability,” “food insecurity,” and “nutrition
assessment” were used, and the search yielded a list of 243
indicators of food insecurity. As the purpose of this stage
was to provide a comprehensive list of indicators without
judgment about them, and the review process was not a
systematic review, no inclusion or exclusion criteria were
used for the indicators or literature in this stage. One re-
viewer listed all of the identified indicators (243 indica-
tors).

In the next stage, out of the 243 indicators, 103 were se-
lected by a group of experts. The selection criteria for indi-
cators included availability of the data in Iran, reliability of
data (released from official sources in the country like the
ministry of health and medical education, the ministry of
Jihade Keshavarzi, and the Iran statistics center), measur-
ability and feasibility of data collection in Iran, and rele-
vance to the Iranian situation.

To identify the most appropriate indicators out of the
103 selected indicators, the two well-accepted and well-
known techniques of Delphi and AHP were applied. Clas-
sic Delphi was used to identify the most appropriate indi-
cators and AHP was used to set the priority among them.

The Delphi technique is a well-accepted method for
achieving consensus or agreement concerning opinions
of experts within a certain topic concerning real-world
knowledge; the approach was mainly developed by Dalkey
and Helmer in the 1950s (9). Since this method is based on
eliciting experts’ opinions, appropriate selection of Delphi
subjects is a critical issue (10). The assumptions of classic
Delphi, including concealment of participants’ informa-
tion, two rounds of iterations, controlled feedback and the
statistics of results for each round was met in this study.

To select the subjects for the study, an expert com-
mittee from different fields of nutrition, agriculture, eco-
nomic, management, and health was formed. This expert
group was responsible for defining the selection criteria of
Delphi subjects, following the study, and analyzing the re-
sults. The expert group identified 43 senior-level experts
as Delphi subjects from different fields of public nutrition,
epidemiology, economics and agricultural development,
biostatistics, medicine, and medical sciences via purposive
expert sampling with maximum variation in the field of ex-
pertise method and the snowballing technique.

The selection criteria were as follows:

- Education level and expertise in the relevant field;

- Field experience;

- Commitment and ability to devote enough time to partic-
ipate in the study;

- Having publications in this field; and
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- E-communication skills.
The objective of the study, a brief description of the Del-

phi method, and the 103 previously identified indicators
and their definitions were sent out to all of the panel mem-
bers by email prior to the first round of the Delphi analy-
sis. In addition, the participants were offered further clar-
ification of the methods via telephone or in person if the
letter seemed unclear. Participants chose, combined, or re-
moved some of the indices, and added any other relevant
indicators that might be missing on the original list. In the
first round, out of 43 Delphi subjects, 28 responded (65.11%).
The results of the first round of Delphi were analyzed by the
expert group, and indicators were re-categorized based on
the responses. The outcome of this stage was a list of 38
final indicators. These indicators formed the basis for the
Delphi questionnaire in the second round.

In the second round of Delphi, the experts were asked
to rank each indicator on a scale of 0 to 100. To facilitate
the ranking process, a Likert score of 5 points was estab-
lished (0 - 20 was defined as very low priority and 80 - 100
was defined as the highest priority). It was explained to
experts that some of the indicators have a negative effect
on food security and some have positive effect on food se-
curity, which would be considered in the later stages of
the study; at this stage, however, they were asked to rank
each indicator according to the level of influence on food
insecurity. In addition, the experts were asked to add any
indicators that they thought should be added to this list.
This questionnaire, along with the definitions and expla-
nation concerning each indicator and the results of the
first round of Delphi were sent to experts. Out of 28 experts
who participated in the first round, 25 (89.3%) responded to
the questionnaire in the second round.

The results of the second round of Delphi were ana-
lyzed using SPSS version 19. The indicators were prioritized
based on the median score for each indicator. In this study,
the median and interquartile range was considered a bet-
ter measure compared to the mean and standard devia-
tion. A median score above 70 was used as the criterion
for inclusion of the indicator in the indicator priority lists.
The reliability of the questionnaire in the second round of
Delphi was measured by calculating the Cronbach’s alpha,
which showed a high level of reliability (α = 0.97).

The next stage involved using the AHP technique to pri-
oritize the selected indicators based on their influence on
food insecurity. The AHP technique, which is used to carry
out multi-criteria quantitative evaluation, was developed
by Saaty and Peniwati to facilitate group decision making
based on mathematics and psychology (11). Since then, this
technique has been extensively used and refined. In this
method, pairwise comparison of criteria is used by experts
to determine their significance (weight) (12, 13). In AHP, se-

lection of the appropriate participants (considering posi-
tions and expertise) to represent stakeholders is a critical
issue (12).

In this stage, the 25 experts that participated in the sec-
ond round of Delphi were asked to give weight in a pair-
wise comparison of the 20 indicators that had the highest
priority based on the Delphi results. Twelve experts (48.0%)
participated in this phase of the study. AHP was conducted
based on a three-step approach. First, a hierarchical list of
20 indicators, which were identified as the highest priority
indicators by experts in the second round of Delphi, was
prepared; then, experts were asked to weight the indica-
tors based on comparisons of paired indicators and by us-
ing a table of nine scores.

In this comparison, it was assumed that if attribute A is
absolutely more important than attribute B and is rated as
9, then B must be absolutely less important than A and is
valued as 1/9. The results of all pairwise comparisons were
summarized as several 20 × 20 comparison Matrixes.

There are different techniques for calculating the rela-
tive weight of elements. The most commonly used is the
eigenvector method, but as this method is very time con-
suming in a large dimensional matrix, Saaty and Peniwati
offered four other estimation techniques (11). In this study,
the geometric mean technique was used.

3.1. Ethical Considerations

All data were kept confidential. No name or identifier
was used during the Delphi or AHP procedures. All partic-
ipants gave verbal consent to participate in the study; the
purpose of the study was explained, and the participants
were asked to observe confidentiality of data to which they
had access during the study. This study was approved by
the institutional review boards at the Tehran University of
Medical Sciences.

4. Results

Mean age of participants was 50.5 ± 12.8 years. Areas
of expertise of the team members, their educational level,
and their level of contribution are presented in Table 1. The
Delphi results yielded a total of 38 indicators that were
ranked hierarchically based on the median of their rank-
ing score on a scale of 0 - 100.

Table 2 shows the results of the Delphi study. From
the experts’ point of view, the most appropriate indicator
of food insecurity and vulnerability was the “percentage
of individuals receiving less than 70% of daily energy re-
quirement,” with a median of 90. The lowest importance
was given to “per capita consumption of tobacco,” with a
median of 20. “Percentage of food expenditures to total
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Table 1. Characteristics of Participating Experts in the Delphi Study and Their Level of Contributiona

Number of Experts to Participating in the Second Stage of
Delphi (Percent)

Number of Experts Participating in the First Stage of Delphi
(Percent)

Experts’ field of expertise

Nutrition sciences 17 (89.47) 19 (82.60)

Epidemiology 4 (80) 5 (100)

Economy/agriculture 4 (100) 4 (26.66)

Educational level

PhD and above 20 (0.80) 21 (0.75)

MPH, MSc 5 (0.20) 7 (0.25)

Total 25 (89.28) 28 (65.11)

aData are expressed as No. (%).

household expenditures”, “per capita diet energy supply
(DES),” and “per capita provision of micro-nutrient (vita-
mins and minerals) requirement” all ranked second, with a
median of 80. “Average consumption of macro-nutrients”
and “employment and unemployment rates,” with a me-
dian of 75, ranked above “prevalence of stunting, wasting,
and underweight in children under 5 years,” “ annual in-
flation of foodstuff and beverage price,” “human develop-
ment index (HDI),” “percentage of individuals receiving
less than 70% of the daily protein requirement,” “per capita
provision of protein, bread, and cereal,” and “per capita
production of protein, bread, and cereal,” with a median
of 70.

“Per capita consumption of tobacco” (median score
20), “number of active beds in healthcare services per
100,000 people” (median score 25), “population density”
(median score 30), and “percentage of individuals with
daily exercise of at least 10 minutes” (median score 30)
were considered the least influential indicators of food in-
security and vulnerability.

Of the indicators identified in Delphi, 8 were related to
the availability dimension, 14 were related to the access di-
mension, and 16 indicators were related to the utilization
dimension.

The AHP study result of prioritizing the indicators is
shown in Table 3. The AHP results showed that the “preva-
lence of stunting, wasting, and underweight” had the high-
est priority, with a mean score of 0.10, and “percentage
of individuals receiving less than 70% of the daily en-
ergy requirement” ranked second, with a mean score of
0.09. “Percentage of underweight among adults” and “per
capita supply of micronutrient” had the third rank, with a
mean score of 0.08. “Percentage of food expenditures to to-
tal household expenditures” had a mean score of 0.06 and
ranked fourth. “Percentage of individuals under coverage
of social welfare” and “percentage of individuals with ac-

cess to a sanitary toilet” had the lowest priority based on
the experts’ view, with a mean rank of 0.01.

Out of 20 indicators that were ranked in the AHP study,
6 were related to availability, 7 to utilization, and 7 to access
dimensions. However, the indicators related to availability
had an overall higher rank compared to those related to ac-
cess or utilization.

5. Discussion

Selecting proper indicators that are easily, less expen-
sively and reliably measurable and sensitive enough to
identify all the food insecurity at the household, provin-
cial, and state levels is a main issue in each country, espe-
cially concerning the latter two levels in developing coun-
tries. To the best of the authors’ knowledge, this is the first
study aiming to identify the most appropriate food inse-
curity and vulnerability indicators at the provincial level
in Iran. Two well-known collective decision-making tech-
niques, Delphi and AHP, were used to collect the experts’
views on the priority indicators of food insecurity and vul-
nerability in this country.

The Delphi results showed that experts considered a
wide range of indicators from different domains, such
as food provision, food selection, economic purchasing
power, and healthcare provision in the list of priority in-
dicators of food insecurity and vulnerability in Iran. The
Delphi study identified the “percentage of individuals re-
ceiving less than 70% of daily energy requirement” as the
first-ranked indicator in food insecurity and vulnerability;
in contrast, the AHP results identified “prevalence of stunt-
ing, wasting, and underweight” as the first-ranked indi-
cator, which shows a shift from nutrient intake to an an-
thropometric measure. However, anthropometric indices
are usually considered as late manifestations of food crises
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Table 2. Median Scores and Interquartile Range of 38 Indicators of Food Insecurity and Vulnerability Resulting From the Delphi Study

Number Indicator Dimension of Food Insecurity Median Score Inter-Quartile Range

1 Percentage of individuals receiving less than 70% of daily energy
requirement

Availability 90 80 - 100

2 Percentage of food expenditures to total household expenditures Access 80 60 - 85

3 Per capita diet energy supply (DES) Availability 80 50 - 80

4 Per capita supply of micronutrient (vitamins and minerals)
requirement

Availability 80 50 - 80

5 Average consumption of macro-nutrients (proteins such as
meat-grease, bread, and cereals)

Availability 75 70 - 100

6 Employment and unemployment rates Access 75 70 - 80

7 Prevalence of stunting, wasting, and underweight in children under 5 Utilization/absorption 70 70 – 85

8 Annual inflation rate of foodstuff and beverage price Access 70 50 - 80

9 Human development index (HDI) Access 70 40 - 65

10 Percentage of individuals receiving less than 70% of the daily protein
requirement

Availability 70 30 - 70

11 Per capita supply of protein, bread, and cereal Availability 70 60 - 90

12 Per capita production of protein, bread, and cereal Availability 70 45 - 80

13 Education Index Access 70 40 - 80

14 Percentage of individuals with access to safe drinking water Utilization/absorption 65 30 - 65

15 Prevalence of anemia in pregnancy Utilization/absorption 65 30 - 70

16 Access to primary health care (PHC) Utilization/absorption 60 50 - 75

17 Percentage of underweight among adults (body mass index (BMI) < 18.5) Utilization/absorption 60 50 - 80

18 Prevalence of low birth weight (LBW; under 2,500 g) Utilization/absorption 60 30 - 60

19 Literacy rate 60 20 - 50

20 Average of 5-year rainfall 60 40 - 80

21 Gross domestic product (GDP) index Access 60 70 - 85

22 Percentage of families under catastrophic health expenditure Access 60 60 - 85

23 Under 5 mortality rate Utilization/absorption 60 40 - 80

24 Percentage of population under coverage of social welfare Access 60 45 - 85

25 Percentage of families with child labor among their children Access 60 25 - 80

26 Population growth rate Access 50 20 – 50

27 Percentage children breast fed Utilization/absorption 50 40 – 80

28 Percentage of individuals with access to a sanitary toilet Utilization/absorption 50 40 – 80

29 Life expectancy Utilization/absorption 50 70 - 90

30 Percentage of child vaccination coverage Utilization/absorption 40 65 - 90

31 Maternal mortality rate Utilization/absorption 40 40 - 80

32 Total fertility rate Utilization/absorption 40 40 - 80

33 Prevalence of goiter Utilization/ absorption 40 10 - 55

34 Ratio of urban population to rural population Access 40 15 - 50

35 Percentage of people with daily exercise of at least 10 minutes Utilization/absorption 30 30 - 60

36 Population density (population per square kilometer) Access 30 40 - 80

37 Number of active beds in healthcare services per 100,000 people Access 25 30 - 70

38 Per capita consumption of tobacco Utilization/absorption 20 50 - 80
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Table 3. Mean Scores of 20 Top Ranked Indicators of Food Insecurity and Vulnerability in the AHP Study

Number Indicator Dimension of Food Insecurity Mean

1 Prevalence of stunting, wasting, and underweight in children under 5 Utilization/absorption 0.10

2 Percentage of individuals receiving less than 70% of the daily energy requirement Availability 0.09

3 Percentage of underweight among adults (BMI < 18.5) Utilization/absorption 0.08

4 Per capita supply of micronutrient (vitamins and minerals) requirement Availability 0.08

5 Percentage of individuals receiving less than 70% of the daily protein requirement Availability 0.07

6 Average consumption of macro-nutrients (proteins such as meat-grease, bread, and cereals) Availability 0.07

7 Under 5 mortality rate Utilization/absorption 0.06

8 Percentage of food expenditures to total household expenditures Access 0.06

9 LBW Utilization/absorption 0.05

10 Prevalence of anemia in pregnancy Utilization/absorption 0.05

11 Annual inflation rate of foodstuff and beverage price Access 0.05

12 HDI Access 0.04

13 Per capita supply of macronutrient Availability 0.04

14 Average of 5-year rainfall Availability 0.03

15 Employment and unemployment rates Access 0.03

16 Percentage of individuals with access to safe drinking water Utilization/absorption 0.02

17 Percentage of families under catastrophic health expenditure Access 0.02

18 Literacy rate Access 0.02

19 Percentage of population under coverage of social welfare Access 0.01

20 Percentage of individuals with access to a sanitary toilet Utilization/absorption 0.01

and do not identify food insecurity before physiological
changes occur (13).

In the Delphi study, indicators related to economic pur-
chasing power were given high priority; for example, “per-
centage of food expenditures to total household expendi-
tures” was ranked second in the Delphi study; however, in
the AHP results, the indicators related to economic pur-
chasing power were given lower priority. The abovemen-
tioned indicator ranked fifth in the AHP analysis. Still, “per-
centage of food expenditures to total household expendi-
tures” is an important indicator with a good predicting
power, as those households that spend more than 75% of
their income to purchase food are more vulnerable to food
insecurity, regardless of their present food consumption
conditions, because any turbulence in their income or pur-
chasing power like inflation can easily expose them to food
insecurity, both qualitatively and quantitatively (14).

The HDI was identified as a priority indicator in Delphi
(6th rank) and in AHP (7th rank). In, addition some other
development-related indicators, such as literacy rate, GDP,
employment ratio, and child labor, were considered prior-
ity indicators of food security. The State of Food Insecurity
in the World, 2012, clarified that while economic growth

is necessary to combat hunger and malnutrition, it is not
sufficient by itself. In order for economic growth to en-
hance the nutrition of the neediest, participation and in-
volvement of the poor in the growth process are required,
with the generated additional income used for nutrition
and health improvement and governmental support to
the poor (1). Therefore, considering overall development,
literacy, the educational index, and the employment rate
ensure that economic growth can reach the poor and em-
power them to improve their nutrition and health.

The FAO has identified that agricultural growth is par-
ticularly effective in reducing hunger and malnutrition,
because most of the extreme poor depend on agriculture
for their nutrition (1). The average 5-year rainfall has also
been considered a priority indicator for food insecurity in
Iran. Indicators related to sanitation and access to health-
care facilities show that Iranian experts have noticed the
importance of food bio-availability in addition to access
and supply.

The percentage of families under coverage of social
welfare was considered as priority indicator in both the
Delphi and AHP studies. The FAO emphasized that social
protection is necessary for accelerating hunger reduction,
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as this can protect the most vulnerable, underprivileged
individuals; if “properly structured,” it can also accelerate
empowerment of the poorest to “manage risks and adopt
improved technologies with higher productivity” (1).

In the Delphi study, the number of identified indica-
tors related to utilization was greater than the number of
identified indicators related to access; the lowest number
of identified indicators was related to availability. In con-
trast, in the AHP study, the number of indicators related
to access was equal to the number of indicators related to
availability. In both the Delphi and AHP studies, the indi-
cators related to availability had a higher rank and scores.
This finding shows that although the utilization dimen-
sions is more often considered by experts, they perceive
the importance of the availability dimension to be higher.
In “The State of Food Insecurity in The World” (2013), the
world health organization in also emphasized that food
availability plays a prominent role in food security, and it
is necessary to supply enough food to counter food insecu-
rity; however, this measure is not sufficient on its own (4).

5.1. Study Limitations

The limitations in this study arise from the nature of
Delphi and AHP techniques, which may result in biased
participant selection, as experts tend to put more focus on
their respective field. The presence of a higher percentage
of experts from the nutrition field in this study may have
affected the median scores given by the experts in favor
of nutrition-related indicators. The purposive and snow-
balling sampling strategy could have had an adverse im-
pact on the representativeness of experts from all relevant
fields, and therefore, this limits the generalizability of the
results of the study to the total target population.

5.2. Conclusions

In conclusion, the identified range of indicators se-
lected as priority indicators by experts showed that an-
thropometric measures and nutritional benchmarks are
considered the most appropriate indicators by Iranian ex-
perts, but other developmental and health-related indica-
tors have also been noted as priority indicators of food in-
security and vulnerability in Iran.

The variation in the ranking of the indicators between
the AHP study and the Delphi study can be attributed to the
methodological issues latent in these two techniques, as
discussed above. This research was part of a larger study
to develop a composite index for food insecurity at the
provincial level in Iran.
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