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Abstract
Background: The effect of instructional models on the changing behavior of consuming fruit and vegetables in
the prevention of diseases caused by consumption of foods including rice, contaminated with toxic metals, has
not been investigated in Iran yet.
Objective: To compare an Ecological-social model (ECO) group and Control group in increasing fruit and
vegetable consumption.
Methods: This research involved implementation of a six-month randomized controlled educational
interventionist program into a group of Ecological-social framework along with a control group, totally summing
up to 160 women between 18 and 50 years of age in Ilam, Iran in 2014. The questionnaire included knowledge,
social support construct (immediate family, relatives, friends, colleagues and neighbors.) and fruit and vegetable
intake in both groups before and after the intervention was examined. Data were analyzed by SPSS version 16
using the signed ranks test, and repeated measures analysis of variance analysis, and confidence interval of 95%
were employed.
Results: The results of the signed ranks test showed a significant increase in social support in the intervention
group (p<0.001). This test showed a significant increase in fruit and vegetable consumption and a significant
increase in the number of women using healthy rice (p<0.001), and a significant reduction in the number of
women consuming unhealthy rice in the intervention group (p<0.001), that determines dietary intake
improvement after the intervention compared with before the intervention (p<0.01). However, this improvement
was not observed in the control group.
Conclusions: The results showed that ECO plays an effective role in improving fruit and vegetable consumption
in women. Therefore, this model was implemented as a health protocol through health-care centers to conduct the
prevention of complications resulting from the use of food contaminated with toxic metals.
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1. Introduction
Rice is the second most widely consumed food in Iran (1). On the other hand, due to the presence of toxic metals in
some rice consumed by households in Iran (2, 3), side effects caused by their continuing consumption such as cancer
and their damaging impacts on lung, liver, nervous system and lungs are not unexpected (4). Fruit and vegetable
consumption, due to high amounts of antioxidants, can prevent chronic diseases, especially cancer (5). Studies show
the inverse relationship between consumption of fruits and vegetables and cancer (6, 7), in addition to the potential
role of antioxidants as treatment in toxic metal exposure proved (8). The World Health Organization (WHO) has
recommended eating at least 3-5 units of fruit and vegetables per day (9). According to a study conducted in 21
countries, the fruit and vegetable consumption pattern has only been met in three countries (10) and in many
countries such as Portugal, America, Belgium and Iran it is less than the recommended amount (11). Therefore,
increasing the consumption of fruit and vegetables can reduce the complications of rice contaminated with toxic
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metals including lead, cadmium, and arsenic in the body. A person’s food habits are directly or indirectly affected by
the person's social environment (12). One of the successful models used in adherence to a healthy diet and intake of
fruits and vegetables is the Ecological-Social model (ECO) (13). In the ECO the relationship between individual,
social and environmental factors and fruit and vegetable consumption has been confirmed (14). Lack of social
support is the main barrier to change in food habits, weight loss, healthy eating and healthy lifestyle (15, 16).
Several studies considered the worksite as an appropriate behavioral model to increase consumption of fruits and
vegetables (13, 17). Also, there is empirical evidence of the predictive role of social support in increased
consumption of fruits and vegetables (13), behavior due to reduced consumption of unhealthy food (18) and weight
loss (19). Several studies have been conducted on the role of the ECO framework in changing nutrition behavior of
people (13, 17). But so far, no studies have been conducted on whether the ECO model in encouraging people to
consume fruit and vegetables to prevent and mitigate the effects of toxic metals in the body is effective or not. In
this study, it was assumed that social networking and attending the role of family members, friends, and colleagues
would have a significant impact on household consumption of fruit and vegetables in the prevention of diseases
caused by the consumption of rice contaminated with toxic metals. Testing this hypothesis will lead to identify
strategies of preparation to improve diet. The gap in previous studies was filled by testing the fact that, the
intervention model ECO compared with the control group underlies the improvement in consumption of fruit and
vegetables by Iranian women. In this intervention model, people were involved through researchers and social
network including family members, friends, and colleagues. Additionally, considering the role of women in families
and their impact in the application of educational- health patterns (20) , and availability of local rice for women in
Ilam, this quasi-experimental study was conducted in the offices of Ilam. The study assumptions included: 1) the
difference between before and after the intervention in the ECO group in knowledge, social support construct is
significant; and 2) there is a significant difference between before and after the intervention in ECO and control
groups, and this difference in increasing fruit and vegetable consumption and decreased rice contaminated with toxic
metals in group ECO is higher than the control group.

2. Material and Methods
2.1. Research design
This study is of an educational intervention program based on ECO in both the intervention and control groups in
Ilam, Iran in 2014. Inclusion criteria in this study were women aged 18 to 50 years with the responsibility of
cooking, and who voluntarily agreed to participate in the study. Exclusion criteria was dissatisfaction with
participating in training sessions. To obtain the probability of women's awareness of fruit and vegetable
consumption as means of decreasing the effects of toxic metals on the body using pre-test questionnaire, 30 subjects
with the characteristics of the target population were studied and the knowledge of 30% was obtained. For
determining sample size, α=0.05 and β=20% were considered and estimating minimum increased awareness
expected of at least 20% after the intervention, the number of samples of 80 for each of the groups (intervention
group and control group), a total of 160 was obtained. Then among 12 offices of Ilam, 6 were randomly considered.

2.2. Data collection
Data collection was conducted in two stages, before (December 2014) and after the intervention (June 2015). The
outcome measured was the performance of fruit and vegetable consumption per day and consumption of healthy
(local rice) and unhealthy rice (foreign rice).

2.3. Instruments
The survey instrument used in this study was a questionnaire with 17 questions and 3 parts, including knowledge,
social support constructs and performance of the consumption of fruits and vegetables. Knowledge of fruit and
vegetable consumption as a strategy of decreasing the effects of toxic metals in the body was determined as a
question of “Do you have knowledge or not?”, as the frequency. Social support includes 9 questions on social
networks support of individuals separated by the mother, father, sister, brother, wife, children, friends and
colleagues, neighbors and family members about fruits and vegetables consumption to reduce the effects of toxic
metals in the body. The responses were evaluated as three items (often=2 to never=0). The score of this construct
was considered by calculating the average as social support score. Cronbach's alpha coefficient obtained in the
social support sector was 0.88. The score range of 0 to 18 was the total social support of social network members.
The reliability of the performance obtained by test was K = 0.85. Water and Food Research Center, Kurdistan
University of Medical Sciences approved the protocol of intervention plan of this design.
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2.4. Planning of Intervention
For the data collection, the interviewer visited the women at their worksite, and for the control group, in their homes.
Before completing the questionnaires, a brief description of the study and implementation of training sessions for
participants were described. After completing the questionnaire, based on the ECO model as the initial assessment
and after complete satisfaction, 45 to 60-minute training sessions in offices as lecture, group discussion and
individual counseling were held, for the intervention group. No training sessions were held for women in the control
group. In the first session, descriptions in order to increase public awareness of environmental pollutants, including
toxic metals, rice contaminated with toxic metals and the benefits of eating fruit and vegetables in the diet as the
strategies of decreasing the effects of toxic metals in the body were provided. In this session, considering the
contamination of foreign rice, local rice of Ilam was introduced as safe rice free of toxic metals. In the second
session, small groups in offices were established to discuss the consumption of fruit and vegetables and healthy rice
consumption. In the third session, the social network of employees was expended by adding mother, sister, friends,
colleagues, and family members in virtual spaces such as Viber, WhatsApp, and Telegram. In these virtual groups,
content of training sessions was given to the social network of people, and discussion took place in the same group.
In the fourth session, an individual session was held with each female employee with an emphasis on increasing fruit
and vegetable consumption and consumption of healthy rice and overcoming the barriers of consumption of rice
contaminated with toxic metals.

2.5. Data Entry and Statistical Analysis
After evaluating the normality of data by Kolmogorov-Smirnov test in SPSS version 16 (SPSS Inc., Chicago,
Illinois, USA), the descriptive analysis of the variables, and descriptive statistics of the frequency, mean and
confidence intervals of 95% were used. In performance, the consumption of fruit and vegetables per day and the
frequency of female consumers of healthy and unhealthy rice was evaluated. Nonparametric signed ranks test was
used to assess changes in social support construct and performance of fruit and vegetable consumption in both ECO
and control groups from before to after the intervention. The repeated measures analysis of variance to compare fruit
and vegetable consumption in both ECO and control groups before and after the intervention was used. Significance
level of P <0.05 was considered.

3. Results
The average age of women participating in the ECO group was 33.76±5.24 and in the control group it was 36.4±9
years. In the ECO group, 64% of women and 73% of women in the control group were married. A significant
increase in knowledge and social support after the intervention was observed compared with before the intervention
in the group ECO (p<0.01). Social support scores of mother, father, sister, brother, wife, children, friends and
colleagues, neighbors and family members in the intervention group after the educational program were
respectively, 1.26, 1, 1.15, 0.93, 1.12, 0.27, 2, 0.83 and 1.2, while the control group did not receive any support in
order to increase fruits and vegetables. In addition, a significant increase in the consumption of fruits and vegetables
was observed after the intervention compared with before the intervention. Increasing the proportion of women
using healthy rice and reduced frequency of women consuming unhealthy rice in ECO group were significant
(p<0.01) (Table 1).

Table 1. The performance of consumption of fruit and vegetables, healthy and unhealthy rice in ECO and control
groups before and after intervention

Variables ECO; n (%) / Mean±SD Control
Before
intervention

After
intervention

p-
value

Before
intervention

After
intervention

p-
value

Knowledge Yes 46 (57.5) 80 (100) 0.000 12 (15) 4 (5) 0.033
No 34 (42.5) 0 68 (85) 76 (95)

Social support 0 9.8±3.4 0.000 0 0 1.00
Frequency of women
consuming healthy rice

2 (2.5) 26 (32.5) 0.000 9 (11.2) 0 0.003

Frequency of women
consuming unhealthy rice

70 (87.5) 54 (67.5) 71 (88.8) 80 (100)

Number consumption of fruit
per day

1.54±0.84 2.03±0.94 0.000 0.81±0.64 0.69±0.98 0.363

Number consumption of
vegetables per day

0.5±0.92 1.22±0.73 0.000 0.68±0.52 0.04±0.33 0.000

Number consumption of fruit &
vegetables per day

2.03±1.24 3.25±1.23 0.000 1.48±0.99 0.72±1.01 0.000
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Statistical analysis repeated measures analysis of variance showed also that the two groups had significant
differences in consumption of fruit and vegetables (p< 0.05). As after the intervention the consumption of fruit and
vegetable in the ECO group was higher than the control group but in the control group consumption of fruit and
vegetables decreased (Figure 1).

Figure 1. Changes in consumption of fruit & vegetables in terms of frequency of consumption per day in the two
groups (ECO and control) before and after the intervention

4. Discussion
This is the first study of a randomized controlled educational intervention plan to compare the effect of an
interventional model of ECO on fruit and vegetable intake to prevent people from contracting diseases from
consumption of rice contaminated by toxic metals. In the present study, women’s knowledge in the intervention
group increased. This increase was due to training and educational sessions in the experimental group. There were
positive changes in the construction of social support in the intervention group compared with the control group.
These positive changes in the intervention group were due to the implementation of training programs, increasing
social networks and gaining awareness of the impact of fruit and vegetable intake in reducing the effects of toxic
metals in the body compared to the control group. Most support was for fruit and vegetable consumption by
colleagues because of social networking at their worksite. Our work was similar to a 2013 study by Geaney et al., on
employees' dietary intake in manufacturing workplaces in Ireland to increase the nutritional knowledge (21) and a
2005 study by Tamers et al. on 2,878 employees from 34 worksites through changes in eating to increase social
support in the worksite in order to increase the consumption of fruit and vegetables (22). It was assumed that the
ECO model-based intervention played a role in the increase of fruit and vegetable intake for women. The key point
of the intervention program was the introduction of consumption of fruit and vegetables due to high levels of
antioxidants as a key strategy in reducing the effects of toxic metals in the body. So, the evaluation of abundance
changes in fruit and vegetable consumption was considered as the outcome of the interventional program. The
featured result in this study was the increased consumption of fruit and vegetables (per day) in the ECO group
compared to the control group. Therefore, the ECO group had a healthier diet than the control group. In other words,
ECO women consumed more fruit and vegetables as compared to the control group as a result of more social
support. Furthermore, these results in terms of the effect of the ECO in improving fruit and vegetable consumption
in the intervention group were similar to previous findings (13, 23). Due to the lack of an educational program in the
control group before and after intervention, they did not receive any social support for fruit and vegetable
consumption. The strength in this study was the received educational materials by the control group after completing
the training program in the intervention group. The results showed that, focus on the worksite is effective in
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increasing the consumption of healthy foods (13, 22). The educational intervention based on ECO, increased the
amount of fruits and vegetables by 15%, while no change was observed in the control group (13). On the other hand,
in the ECO group, the number of women who consumed healthy rice in their diet compared to the control group,
increased after the intervention. However, this number decreased in the control group. The number of women
consuming unhealthy rice in the ECO group decreased after the intervention and this number increased in the control
group. The results in reduced consumption of unhealthy foods (24) and increased consumption of healthy foods
were similar to previous studies (24, 25). The factor that led to achievements in improving fruit and vegetable intake
and decreased unhealthy rice consumption in the ECO group more than the control group was enhanced social
support by mother, father, sister, brother, spouse, children, relatives and neighbors, especially colleagues, and in
other words social network development for fruit and vegetable consumption. So, one of the ways to successfully
improve the performance of nutritional programs in the future is to consider social support and expansion of social
networks.

5. Limitations
Implementation of educational intervention with regard to the extension of social network and culture of Ilam in
ordinary women was not operational; thus, it can lead to bias in the results. However, given that in both groups,
factors before and after the intervention were measured, therefore, this issue could reduce bias. On the other hand,
due to the limitations in implementation of the educational program in the houses of people to form a social network
consisting of neighbors, due to the cultural setting of the region, employees employed in organizations were chosen
due to convenience in holding educational sessions and forming social networks. The performance of employees,
due to their higher academic levels when compared with the control group, had better progress and the effect of
academic levels was not considered in evaluation of the performance of rice consumption. Despite the training
provided, considering the low financial power of households, some people are not able to increase consumption of
fruit and vegetables and healthy rice due to the high price.

6. Conclusions
Although the educational intervention program based on the ecological model has led to an increase in fruit and
vegetable consumption, on the other hand, it has also improved dietary intake in increasing consumption of toxic
metals free rice and reduced use of rice contaminated to toxic metals. The increased social support will have a
positive impact in improving people's diets. This is the first evidence of an investigation of the effects of
community-based intervention (ECO model) taking into account the effects of social support on increasing fruit and
vegetable consumption in order to prevent diseases from consumption of food contaminated with toxic metals.
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