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Introduction: The lack of access to a diverse and nutritious diet has significant health consequences worldwide. Governments have employed various policy mechanisms to ensure access, but their success varies.

Method: In this study, the impact of changes in food assistance policy on food prices and nutrient security in different provinces of Iran, a sanctioned country, was investigated using statistical and econometric models.

Results: Both the old and new policies were broad in scope, providing subsidized food or cash payments to the entire population. However, the implementation of these policies led to an increase in the market price of food items, resulting in a decline in the intake of essential nutrients. Particularly, the policy that shifted food assistance from commodity subsidies to direct cash payments reduced the price sensitivity of consumers. Consequently, the intake of key nutrients such as Vitamin C and Vitamin A, which are often constrained by their high prices, decreased. To improve the diets of marginalized populations, it is more effective to target subsidies towards specific nutrient groups and disadvantaged populations, with a particular focus on food groups that provide essential nutrients like Vitamin A and Vitamin C in rural areas of Iran.

Discussion: More targeted food assistance policies, tailored to the specific context of each province and income level, are more likely to yield positive nutritional outcomes with minimal impact on food prices.
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1 Introduction

A high-quality and nutritionally balanced diet is essential for health, well-being, learning, and workplace efficiency (1, 2). Achieving a healthy diet requires consuming a diverse range of food items (1, 3, 4). A balanced diet not only supplies the required energy for daily activities but also provides essential nutrients for growth and repair, thereby fostering strength and overall well-being (5). Merely focusing on calorie intake is insufficient to achieve a healthy diet (1). Half of the deaths related to diet are attributed to an improper balance of nutrients. Unhealthy diets are associated with the increasing prevalence of non-communicable diseases, such as obesity and overweight, globally (6, 7). Presently, the selection of food choices that impact balanced nutrition is predominantly influenced by factors such as price, convenience, taste, and health considerations (8). The impact of high food price inflation extends beyond macroeconomic stability and also affects small farmers and impoverished consumers in developing countries, where a significant portion of their income is allocated to food consumption (9). Food prices, especially those of fruits, vegetables, and proteins, strongly influence what is purchased and consumed, particularly among the poor (10). Food prices play a significant role in consumer food choices, which has implications for human health (11, 12). There is a clear association between food prices and consumer behavior (13, 14). To discourage unhealthy diets, various financial policies have been implemented worldwide (12, 15, 16). Developing a range of food assistance programs in different forms is a policy approach aimed at addressing the direct and indirect impacts of rising food prices on people’s health, particularly in developing countries (11, 17).

Governments often adopt food assistance policies as measures to enhance human capabilities (18). These policies, including direct and indirect subsidies, ensure that individuals with low incomes have access to healthy diets, leading to positive public health outcomes (15, 19, 20). Food assistance policies have been implemented in various settings and forms (11). Countries such as India, Bangladesh, Ethiopia, Zambia, Egypt, Algeria, Tunisia, and Iran, with different income levels and economic structures, have utilized non-targeted subsidies as food assistance programs to improve their residents’ nutrient quality and food security (15). However, most of these policies are non-targeted, as identifying eligible recipients requires accurate data and a proficient bureaucracy for implementation and oversight. Without such investments, the intended benefits may not reach impoverished households (11, 21). In developed countries, the situation is different. In the U.S., for example, the Supplemental Nutrition Assistance Program (SNAP) is a targeted policy designed to support low-income households (22, 23). Non-targeted reallocation of government subsidies (RGS) in Iran was formally launched on 18 December 2010. This policy involved phasing out public food and energy subsidies and replacing them with countrywide cash transfers (24). Under this policy, all individuals received an equal cash payment per month, regardless of their income level. This non-targeted approach differs from targeted policies that specifically assist low-income individuals. In Iran, the subsidy reform was initially well-received, as all citizens received the cash payment without any protests, unlike in countries such as Nigeria, Pakistan, Bolivia, and Indonesia, where the end of food subsidies led to citizen protests (11, 24). However, concerns have been raised regarding the impact of this reform on public health and the nutritional status of vulnerable households. Therefore, it is crucial to gain an evidence-based understanding of how this policy has affected the nutrition and health outcomes of households in different geographical locations.

Some studies have found that changes in government assistance for commodities precede significant increases in food prices (11, 25). Conducting an accurate evaluation of how demand responds to changes in prices and income resulting from the Reallocation of Government Subsidies (RGS) is crucial for making optimal policy decisions (26). Households residing in areas where food prices are already higher than the national average may face challenges in affording an adequate supply of nutritious food (22). Some studies have indicated that the price effect of implementing subsidy policies on nutrition, including calorie, protein, and fat intake, is negligible. However, these studies were limited in their consideration of only three nutrient categories (27). Another study has shown that the welfare of Iranian households decreases after implementing subsidy reforms, with urban households experiencing a greater decline compared to rural households. However, this study did not examine the nutrition and food security of Iranian households (11). Some scholars contended that implementing higher tax rates as a government policy is an effective strategy for reducing purchases or consumption. It has been observed that the impact of taxes on consumer behavior varies across income levels, with the lowest-income groups exhibiting the highest degree of responsiveness (28).

In this paper, we aim to bridge this knowledge gap by investigating the effects of a non-targeted food assistance program in Iran, known as the RGS, on per capita intake of calories, proteins, fats, carbohydrates, calcium, iron, vitamin A, vitamin B3, and vitamin C. This study holds global significance as it contributes to the understanding of the impact of government food assistance policies on nutrition outcomes, providing valuable insights that can inform policymakers not only in Iran but also in other countries facing similar challenges. By examining the effects of the Reallocation of Government Subsidies (RGS) program on nutrient intake and nutritional security, this study offers a framework for evaluating the effectiveness of non-targeted food assistance programs worldwide. Understanding the interplay between subsidy reforms, food prices, and nutrition outcomes is crucial for designing evidence-based policies that can improve the health and well-being of populations globally, particularly in the face of increasing prevalence of non-communicable diseases and rising food prices. Ultimately, the findings of this study can contribute to the development of more effective and targeted food assistance strategies that promote healthier diets and enhance public health on a global scale. Therefore, our objective is to assess the impact of Iran’s policies at the provincial level to determine which ones contributed to increased nutritional security. Figure 1 illustrates the potential mechanism through which the reallocation of government subsidies (RGS) can affect nutrient intake.
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FIGURE 1
 Conceptual relationship between the implementation of the targeted subsidies policy and the nutrient intake.


This figure depicts the hierarchical relationship between subsidy reform, food prices, and nutrition status, highlighting the impact of removing general subsidies for food and fuel on nutrition. What were the implications of reallocating the subsidies to provide direct fixed cash payments to all individuals, rather than indirect subsidies on commodities? How would the diagram differ if it analyzed the effects specifically for the poorer sectors of Iranian society? This study makes several contributions to the literature, including extracting the elasticities of all food groups through a partial equilibrium framework, considering geographical variations throughout Iran, empirically documenting the link among food prices, government subsidy reformation, and nutrition security, considering the interaction between the reform policy and nutrient outcomes simultaneously. Four questions will be addressed in this study. (1) How did food prices change over time and what is the interaction of price changes with implementing new assistance policies? (2) Did the RGS affect nutrient intake by surging the price of more nutritious food groups? (3) How did the intake of different food groups vary with variations in the prices of specific food commodities? (4) How did changes in nutrition intake after implementing RGS vary by socio-economic indicators?


1.1 Theoretical framework

To follow the objectives of the current study, we applied the following framework in three levels. At the micro-level, this study focuses on individual behavior and decision-making regarding food choices. This study emphasizes some factors such as price, convenience, taste, and health considerations that influence the selection of food items and overall nutrition. High food prices, especially for essential nutrients, can impact what individuals purchase and consume, particularly among low-income populations. Therefore, this study acknowledges the role of financial policies, such as subsidies and taxes, in shaping consumer behavior and promoting healthier diets. At the meso-level, this study examines the impact of government food assistance policies on nutrition outcomes and health at the provincial level in Iran. It considers the implementation of both old and new policies and their effects on food prices, nutrient security, and overall health outcomes. The study emphasizes the importance of targeting subsidies toward specific nutrient groups and disadvantaged populations, particularly in rural areas, to improve the diets of marginalized populations. At the macro-level, it focuses on the broader implications of government subsidy programs on public health and well-being. It recognizes that a high-quality and nutritionally balanced diet is essential for overall health, learning, and workplace efficiency. It acknowledges the association between unhealthy diets, non-communicable diseases, and rising food prices. It also highlights the role of food assistance policies in enhancing human capabilities and ensuring access to healthy diets, particularly for individuals with low incomes. Finally, this study emphasizes the importance of evidence-based policies that consider the interplay between subsidy reforms, food prices, and nutrition outcomes in addressing global challenges related to non-communicable diseases and increasing food prices.




2 Methods and materials

To analyze the data on food prices and household expenditure, we employed a generalized linear mixed model (GLMM) approach. In terms of the econometric model, demand equations were estimated for various nutrients, including calories, proteins, fats, carbohydrates, calcium, iron, vitamin A, vitamin B3, and vitamin C. This estimation was conducted using a Panel-Data approach spanning the years 1998 to 2020 (1). The specification of the model is theoretically linked to the health production function model proposed by Thomas (29), in which health or nutritional outcomes are considered as outputs that depend on multiple inputs (29). To estimate the elasticities of the key variables, we utilized Equation (1).

[image: image]

The dependent variable is the logarithm of ith nutrient consumed by kth province in time t, RGS was coded as 0 for 1998–2020 when the policy had not been started and 1 for data gathered after the program was implemented, LnPjkt is the logarithm of the jth food group price index in kth province in time t (for 13 food groups), as shown in Table 1, LogFshar is the logarithm of food expenditure share of total monthly income, LogHIncome is the logarithm of total household expenditure, LogHSize is the logarithm of household size, LogHAge is the logarithm of age of household head, LnHStudents is the logarithm of the number of students in the household, LogHemployee is the logarithm of the number of household members currently employed, and LogHarea is the logarithm of home area (Square Meters) in kth province in time t, and [image: image] the error term of ith nutrient consumed in time t. Table 1 shows the summary statistics of selected household variables. The price indexes were estimated by Laspeyres method for 13 food groups in 30 provinces. Due to a large number of variables, fixed-effects models were used for these analyses, as there were insufficient degrees of freedom to fit province as a random effect.



TABLE 1 Definition and summary statistics of variables used in models.
[image: Table1]

To evaluate the effect of reallocation of the subsidies on food prices and nutrient intake, the elasticities of Equation (2) were used as below:
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[image: image] is the percentage change of nutrient intake after the RGS, [image: image] is the percentage change of the price of food group j, and [image: image] is the percentage change of the household expenditures. If the difference between the effect of price and expenditure is positive, the policy led to increasing nutrient intake. If this difference has a negative sign, the policy has reduced nutrient intake. The impact of the RGS was estimated from the interaction effects between the coefficient for each variable and the RGS coefficient, which were different before (coefficient set as 0) and after imposition of the RGS. For instance, the effect of income before the RGS equals [image: image] and after that was established it equals ([image: image]. The details of our sample construction are included in the next section.



3 Sample description

The data utilized in this analysis were obtained from the annual nationwide household food consumption survey conducted by the Consumer and Food Economics Statistical Center of Iran. The survey covered rural areas in each province simultaneously and included approximately 260,000 households across all 30 provinces. For this analysis, the data used were derived from usable food quantities, with food waste eliminated using waste coefficients suggested by the National Nutrition and Food Technology Research Institute. The data covered the period from 1998 to 2020.

To convert food quantities consumed at the household level into nutrition components, we employed the locally available food composition table. The quantities of nutrients consumed per household were calculated by multiplying the quantity of each food consumed by the household with the percentage of each nutrient available in each unit of food. These nutrient data were collected by the National Nutrient and Food Technology Research Institute of Iran in 2008. By summing up the respective nutrient quantities, we obtained an approximation of the amount of each nutrient available for consumption by the household every month.

To determine the nutrient intake per adult person per month, the estimated total nutrition was divided by the household size, using the method described by Gebre to account for variations in household member ages and consumption patterns (30, 31). Additionally, we calculated the average daily calorie intake per adult for each province. As individuals do not consciously purchase specific quantities of calories or other nutrients, but rather choose food groups based on taste and price, it is relevant to discuss the indirect demand for calories and other nutrients (32).



4 Results

During the period of analysis (1998–2020), price indexes were estimated for each food group. It was observed that the prices of all food groups increased, although not at a consistent rate. According to consumer behavioral theory, changes in food prices can impact food consumption patterns and nutrient intake over time (33).

The regression analysis examining the interaction between price changes over time and the RGS policy revealed a significant impact of the RGS on food price inflation. Specifically, prices demonstrated a faster rate of increase during the period when the policy was implemented, as indicated in Table 2. This can be observed by the steeper slope of the relationship and the lower intercept following the policy implementation, as described by Equation 1. Following the implementation of the RGS, which aimed to enhance households’ purchasing power through cash transfers, food prices generally experienced a more rapid increase. However, it is important to note that in many provinces, the implementation of the RGS counteracted, at least in the short term, an inflationary price surge that could have restricted access to a wide range of nutritious food options.



TABLE 2 The effect of the RGS on the intercept and slope of the food group price by provinces during 1998–2020.
[image: Table2]

The analysis further reveals variations in nutrient prices across different provinces. The coefficients presented in Table 2 indicate the effects on the regression intercepts for the price-time relationships. For instance, in Tehran, the heavily populated capital city of Iran, red meat and fruit had the highest prices. This is likely because Tehran relies heavily on food imports from other provinces since it does not produce most of its food locally. Conversely, Mazandaran province, known for its chicken meat production, had the lowest coefficient for chicken meat prices in Table 2. This suggests that chicken meat is more affordable in Mazandaran compared to other provinces.

The regression analysis presented in Table 3 demonstrates that the RGS policy had a significant inverse effect on the intercept and a non-significantly positive impact on the slope of nutrient intake. This indicates that although nutrient intake declined over time compared to the period before the implementation of the RGS, the decline was slower after the policy was introduced. Further investigation into the province effect on the nutrient intake model, as shown in Table 3, revealed that certain provinces such as Ardebil, Azerbaijan Gharbi (Azghar), Azerbaijan sharqi (Azshar), Mazandaran, Kurdistan, and Kermanshah had higher carbohydrate intake compared to other provinces. This can be attributed to the higher production and consumption of cereals in these provinces, which are rich in carbohydrates and starch. Before estimating the model, the presence of multicollinearity among all independent variables was examined using the variance inflation factor (VIF) test. The results indicated that there was no significant correlation among these variables. Following the regression analysis, an econometric partial equilibrium model (Equation 1) was employed to delve deeper into the results, as shown in Table 4. The first stage estimation revealed that the explanatory variables accounted for up to 90% of the nutritional status. Durbin-Watson and Jarque-Bera’s statistics indicated that none of the assumptions of the models (normality of residuals, homoscedasticity, and residual autocorrelation) were violated. In terms of the coefficient of the RGS, it exhibited a higher value in the functions describing the intakes of vitamin A and vitamin C, while a lower value was observed for protein. This suggests that during the policy years, the greatest impact was related to vitamin A and vitamin C intake.



TABLE 3 The effect of the RGS on the intercept and slope of the nutrient intake by provinces during 1998–2020.
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TABLE 4 The effect of the RGS on nutrition intake in Iran rural area.
[image: Table4]

The coefficients in Table 4 do not suggest that nutrient intake increased due to the negative effects of food prices on nutrient functions. Rather, they indicate that the rate of reduction in nutrient intake over time was slower compared to the period before the implementation of the RGS policy. The intake equations presented in Table 4 demonstrate how the intake of different nutrients varies in response to changes in food commodity prices. The coefficients of the food commodity price elasticities offer insights into the complex relationship between price and nutrition. As expected, most of these coefficients are negative, indicating that as prices rise over time, nutrient intake tends to decline. For instance, an increase in cereal prices leads to a reduction in energy intake but an increase in the intake of Vitamin A and Vitamin C. This can be attributed to the relatively larger inflation in cereal prices compared to other nutrient groups, as shown in Table 2. As a result, consumption shifts from cereals to fruits and vegetables, which experience less price inflation. The presence of the RGS policy modifies these interdependencies, as indicated by the significant deviations from zero for the RGS*price interactions. This effect is particularly pronounced for certain groups, such as the impact of the price of sweets combined with the change in purchasing power resulting from the RGS. This significantly affects the intake of most nutrients. In other words, the cash provided by the RGS enables additional expenditure on sweets, leading to an increased proportion of intake from nutrient-poor but calorie-dense foods. Overall, the relationship between price and nutrient intake is complex, with the RGS policy influencing these dynamics by altering consumption patterns and the affordability of different food items.

Some scholars found an increase in the price of sweets in both low-income and high-income countries was associated with reduced consumption of sweets and increased consumption of all other food items, except fats and oils (14). Regarding the impact of red meat prices, the study revealed negative and significant effects on protein, calcium, iron, and vitamin B3 intake. However, it was positively and significantly associated with vitamin A intake. The price of poultry meat had negative and significant effects on fat intake (p < 1%), carbohydrate intake (p < 10%), calcium intake (p < 1%), and vitamin B3 intake (p < 1%). Conversely, it had a positive effect on vitamin C intake (p < 5%). Following the implementation of the RGS policy, the coefficient of the poultry meat price change caused a shift in calcium intake from negative to positive. Analyzing fish meat prices (Table 4), it was observed that after the RGS, an increase in fish prices had a significant negative effect on calcium and protein intake. As for vegetable oil, after the price increase due to the RGS, it hurt energy intake, protein intake, fat intake, and carbohydrate intake, while it had a positive and significant effect on calcium intake, iron intake, vitamin A intake, and vitamin B3 intake. However, its effect on vitamin C intake was found to be insignificant. After the policy implementation, the coefficient for vitamin C remained negative, while the coefficient for vitamin A became negative. This suggests that vegetable oil was substituted for animal fat after the RGS. The price of dried fruits had a negative and significant effect on all nutrient groups, except for three. Similarly, the price of fruits had a significantly negative effect on vitamin C intake, vitamin A intake, iron intake, calcium intake, and fat intake. Before the RGS, the increase in spice prices led to a decrease in nutrient intake, except for calcium (insignificant). However, after the RGS, the price of spices had a significant effect only on fat intake, vitamin A intake, and vitamin C intake, indicating a change in the relationship between spices and other foods. Lastly, the share of household expenditures on food had a positive effect on all nutrient functions, implying that as the share of household expenditures allocated to food increased, nutrient intake also increased.

After the implementation of the RGS policy, a 1% increase in all prices and household incomes resulted in a decrease in the intake of various nutrients. Specifically, there was a decrease in calorie intake by 0.018%, protein intake by 0.036%, fat intake by 0.041%, carbohydrate intake by 0.045%, calcium intake by 0.041%, iron intake by 0.003%, vitamin A intake by 0.074%, vitamin B3 intake by 0.053%, and vitamin C intake by 0.069%. Furthermore, the analysis of socioeconomic determinants revealed certain associations with nutrient intake. The size of the household and the number of students were found to be significantly and inversely related to some nutrient intakes. In other words, larger households and households with more students tended to have lower intakes of certain nutrients. On the other hand, the age of the household head had a significantly positive effect on all nutrient functions, except for vitamin A and vitamin C. This means that as the age of the household head increased, nutrient intake tended to be higher across various nutrients, except for vitamin A and vitamin C. These findings highlight the influence of prices, household income, and socio-economic factors on nutrient intake, providing insights into the complex dynamics of food consumption and nutrition.

The study demonstrates that the RGS policy had a positive impact on nutrition by mitigating the effects of price changes and maintaining nutrient intake, despite a period of rapid price inflation. The magnitude of price inflation differed across food groups, and the RGS helped attenuate the negative impact on nutrient intake. Among the nutrients, the greatest decrease after the RGS was observed in vitamin A intake, with a reduction of 0.074%. Following vitamin, A, vitamin C showed the second-largest decline. Fruits and vegetables are known to be excellent sources of vitamin C, and their intake may have been affected by the changes in prices. These findings underscore the importance of considering the specific nutrient content of different food groups and their affordability when assessing the impact of price changes on nutrition. The RGS policy played a crucial role in preserving nutrient intake, particularly for vitamin A and vitamin C, despite the challenges posed by the period of rapid price inflation.



5 Discussion

After the implementation of the RGS, which involved non-targeted income transfers to adults that could be used for any household expenditure, food prices generally experienced a relatively faster increase compared to the pre-policy period. Among food groups, sweets, and dried fruits showed the largest price increases. By estimating price elasticities and analyzing nutrient intakes, the study revealed that after the RGS, price changes had a lesser impact on nutrient intake compared to before the policy was introduced (34). Despite the period of rising prices, the RGS provided increased purchasing power. However, its effect on nutrient intake was complex, as the purchasing patterns of different food items changed in response to price fluctuations, resulting in dietary changes. It is important to note that the impact of the RGS policy varied across nutrient groups, and provincial factors played a significant role. Geographical variation emerged as one of the key factors that need to be considered when formulating or modifying policies. These findings highlight the need to consider regional factors and the diverse effects of policies on different nutrient groups. Understanding and addressing geographical variations can contribute to the development of more effective policies aimed at improving nutrition and addressing food price dynamics (22, 35).

The price elasticity of cereal, fish meat, legumes, and spices groups did not change for energy intake after the implementation of the RGS. However, the elasticity of sweets became positive, indicating that as food prices increased, people tended to preferentially purchase sweets. This shift toward consuming more energy-dense but nutrient-poor food items with high sugar content, combined with reduced physical activity, has implications for increased rates of obesity (36). Sweet foodstuffs and beverages, which have a strong hedonic appeal, particularly among children and young people (37), have been identified as potential contributors to the obesity epidemic not only in Iran but globally, especially in developing countries (38, 39). Dried fruits play a significant role in household diets as they are important sources of calcium, vitamin A, and antioxidants. Before the RGS, dried fruits had a more positive effect on calcium, vitamin A, and protein intake. However, after the policy implementation, a 1% increase in the price of dried fruits resulted in a decrease in energy intake by 0.102%, carbohydrate intake by 0.248%, calcium intake by 0.113%, iron intake by 0.250%, and vitamin B3 intake by 0.290%. Increasing fruit prices also led to a reduction in nutrient intake. Fruits are essential sources of vital nutrients such as dietary fiber, potassium, vitamin C, and folate, which are often under-consumed. After the RGS, the impact of rising fruit prices had a stronger effect on the coefficients of overall calcium intake (reduction of 0.501) and iron intake (reduction of 0.167).

After the implementation of the RGS, increases in household income did not have a significant effect on nutrient intake, except for energy and carbohydrate intake. It is important to consume sweets and fats sparingly due to their high caloric content. Sweets are not recommended as a fundamental food group, and their consumption should be limited due to their chronic health effects (40). While the increment in household income resulting from the RGS policy provided households with sufficient purchasing power, it did not lead to a significant improvement in food and nutrition security (41). The policy-induced income increases only had a positive and significant impact on carbohydrate and energy intake. While calorie intake was maintained, nutrient security was not ensured. Although the RGS was implemented during a period of global food price volatility, the counterfactual scenario of “what would intake rates have been if the RGS had not increased purchasing power?” might have resulted in even worse health outcomes. Therefore, the policy potentially prevented a more detrimental situation in terms of health. However, it is worth noting that the RGS led to increased consumption of sweets, as indicated by the interaction coefficient between the policy and sweet consumption. This higher consumption of sweets contributes to the rise in obesity and overweight cases in Iran (42). In Iran, the rates of obesity, as measured by the BMI index, NCHC, and percentile above 95, were 17.4, 7.6, and 7.4%, respectively. Obesity in Iran is twice the global average. The increased consumption of sweets due to the policy may pose a public health risk. These findings emphasize the need for comprehensive measures to address the potential negative impacts of increased sweet consumption and the associated rise in obesity rates. Efforts to promote healthier dietary choices and combat obesity should be considered alongside income-related policies to ensure improved overall health outcomes.

After the implementation of the RGS, the price increase in the vegetables and fruits group had a greater negative effect on vitamin C compared to other food groups. Vitamin C deficiency can lead to scurvy, a potentially life-threatening condition. The antioxidant properties of vitamin C also help stabilize folate in food and plasma. Increased excretion of oxidized folate derivatives can contribute to the incidence of scurvy in humans (43). The results of the study confirmed a negative association between household size and nutrition intake. As households grow in size, the constraints on food budgets reduce the accessibility of adequate nutrition. While some studies have found a positive relationship between household size and food security, those studies did not specifically focus on nutrition security. Food security may have been maintained due to an increase in household members participating in the labor force (44, 45). Other studies have found an inverse relationship between household size and food security (46, 47). The age of the household head has shown a positive association with nutrient intake in various studies (48, 49). Older household heads may exhibit more conservative food choices, which can have a positive impact on nutrient intake. The increase in the age of the household head is likely linked to greater experience and knowledge of nutrient needs (47, 50). After the RGS, the age of the household head was significantly and positively associated with the consumption of fat, iron, and vitamin C. The share of food expenditure also had a significant direct impact on all nutrient intakes.

Providing subsidies to all adults to support healthier eating during a period of rapid price inflation had a range of positive and negative effects due to changing purchasing habits, some of which were unexpected and had unexpected impacts on dietary nutrient intake. Nevertheless, despite impressive economic growth and increasing per-capita income in recent decades in Iran, households still face nutrient deficiencies. The study found that the RGS had the greatest negative effect on vitamin A, followed by vitamin C intake. For the non-meat animal products group (milk, cheese, and eggs), price increases had the most detrimental effect on vitamin A intake, particularly among low-expenditure households.


5.1 Strengths and limitations of the study

Among the economic and policy models that focus on the impact of food assistance programs on food security and nutrition, some studies (46, 51), have only examined the effect of price and income changes on calorie intake at a country level. In our analysis, we investigated the effect of these changes on nutrient intake at the provincial level. For instance, some scholars have used food group elasticity at the national level to study the impact of food price increases on nutrient intake during a recession (46). Our study’s geographic specificity is novel, and we presented a comprehensive and theoretically consistent analytical framework to support its usefulness. While some studies have attempted to explore the direct and indirect effects of food price shocks using yearly data and information on nutrition and malnutrition (1, 26, 46), most of them have relied on inadequate data from specific regions or countries and have not utilized large datasets. In our study, we analyzed the impact of food price shocks through the implementation of a government subsidy policy shift, with a focus on geographical patterns. Certain studies argue that obtaining precise quantitative measures of dietary intake is time-consuming and requires a significant number of nutritional experts to create extensive food composition databases for data analysis and collection (11). However, in our study, nutrient intake was calculated with minimal errors. It is crucial to develop a model that allows for the investigation of interaction effects resulting from policy implementation. In contrast to studies that have solely evaluated the impact of new assistance programs in Iran through inter-sectoral analysis of food consumption and household welfare (11), our study meticulously examined the effect on household nutrient intake.

This study does share some limitations with other studies. Firstly, calculating household nutrient intake using large datasets was time-consuming and complex, making human errors inevitable. Secondly, due to the size of the dataset used in this study, there may be biases in the results, as demonstrated by other studies (52).



5.2 Conclusion and policy implications

The policy that governs the distribution of subsidies holds significant importance for impoverished households. In Iran, the current practice of providing direct payments to all individuals without considering their specific needs has led to inappropriate and detrimental consequences in terms of food access for the poor. Our research strongly suggests that further investigation is needed in order to address these issues. Allocating subsidies specifically to impoverished households would not only help preserve government financial resources but also improve nutrition security. This study utilized the best available micro-sectoral data in Iran to analyze the impact of the implemented RGS on nutrient intake across distinct areas of the country. The differential rates of commodity price inflation and changes in food group consumption in various provinces have created a complex relationship between prices and nutrient intake, yielding both positive and negative effects. For instance, increased cereal prices resulted in higher vitamin intake through reduced cereal consumption and increased vegetable consumption, which was an unforeseen effect for non-economists, particularly those outside of the US and Europe. Economists who solely rely on static single market/commodity approaches would not have been able to predict this with the precision achieved through our combination of sound economic theory, robust data, and sophisticated econometric modeling. To mitigate the undesirable effects of the RGS, it would be beneficial to implement a policy that controls and reduces fluctuations in food prices, particularly for foods that are vital in addressing vitamin deficiency. To increase vitamin A consumption, which is highly sensitive to price increases, “food grants” could be provided to impoverished households based on their income and expenditure. These grants could include dairy products and other commodities rich in different sources of vitamin A. Additionally, the government could implement an educational program to raise awareness among households about the importance of vitamin A and vitamin C and provide guidance on various methods to maintain an adequate intake. Policymakers and stakeholders should reevaluate socio-economic factors, such as household size, number of students, and geographical location, in order to develop a new nutrition policy that improves the nutrient status of the population. The impact of the RGS on nutrient intake varied significantly from one province to another, highlighting the necessity of formulating geographically targeted policies rather than implementing a uniform policy for the entire country. Implementing a program similar to the Supplemental Nutrition Assistance Program (SNAP) in the United States to compensate for reduced nutrition intake is imperative. As demonstrated by our results, nutrition policies should consider geographical variations and socioeconomic factors to identify areas where households suffer from nutrient deficiencies.



5.3 Recommendation for the future studies

In this study, we utilized a generalized linear mixed model approach to examine the impact of the RGS on health outcomes, using nutrient intake as an indicator of overall health status. Although we didn’t employ sophisticated techniques, such as a computable general equilibrium (CGE) model, to comprehensively analyze all aspects of implementing the RGS in Iran, our findings strongly suggest that future studies should consider the geographical variations in the implementation of the RGS within the country to develop and recommend appropriate policies. While a partial equilibrium analysis may seem straightforward and practical for evaluating the effects of a specific policy on health outcomes and nutrition intake, this approach may yield inaccurate results by neglecting inter-sectoral relationships (11). To obtain more precise and appropriate findings, employing a general equilibrium framework would be advantageous. This would allow for a comprehensive assessment of the complex interactions and feedback effects among different sectors and the economy as a whole.
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