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Abstract 

Background  Salt consumption control strategies can help to decrease hypertension and related cardiovascular dis-
eases. Taxation mechanisms help to reduce the utilization of harmful commodities like salts. This study aims to analyze 
the impact of taxing salty foods on salt intake in Iran by examining the price elasticity of demand (PED) and cross-
price elasticity of demand (XED) for salty foods. 

Methods  This study used 38,328 household-level data from the 2019 Iranian Household Income and Expenditures 
Survey. This PED and XED for salty foods were calculated, and changes in household salt consumption due to salt 
taxation were estimated using a mathematical simulation method.

Results  The findings revealed that the PEDs for noodles and pilaffs (− 4.89) and bread (− 2.03) are higher than that for 
other commodities. Noodles and salt (− 4.55) and breads and salt (− 1.61) exhibited the highest XED. Following 20% 
taxation, total salt intake is projected to increase by approximately 125 g per month. 

Conclusion  Taxing mechanisms are ineffective in reducing the consumption of salty foods. Instead of reducing salt 
intake, households tend to shift to lower-quality, cheaper salty foods after the tax are implemented. However, these 
mechanisms can be used for increasing the government revenue.

Keywords  Salty foods, Tax effectiveness, Price elasticity of demand, Cross price elasticity of demand, Hypertension, 
Cardiovascular disease

Introduction
Hypertension, a ‘silent killer,’ remains a global public 
health crisis, significantly contributing to cardiovascular 
diseases (CVD) and premature mortality [1]. As the tar-
get 3.4 of sustainable development goals, non-communi-
cable diseases-related mortality must be decreased one 
third through prevention and treatment [2].

Salt intake decrease can significantly help the policy 
makers for this concern. One in three adults suffers from 
hypertension, and many are unaware of their disease, 
especially in low- and middle-income countries [3]. The 
role of salt intake on hypertension is an undeniable fact 
for the health professions [4].Public health system can 
effectively control hypertension by identifying salt intake 
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control programs specially in the countries where the salt 
intake is high [5, 6]. These interventions varied from sup-
ply side salt controlling interventions like controlling the 
salt standards in producing foods to demand side pro-
grams like health promotion and education plans and 
increasing the price of salty foods [7].

Studies in Iran have showed that male and female Ira-
nians consume an average of nine and seven grams of salt 
daily, respectively, with variation in intake across differ-
ent provinces [8–11]. Iranians consume about twice the 
recommended daily amount of salt [10]. A significant 
portion of this intake comes from traditional Iranian 
foods, such as cheese, bread, and yogurt-based drink, 
Dough [12, 13]. Strategies to control salt consumption 
can effectively reduce this intake and, in turn, lower the 
prevalence of hypertension and CVDs [14]. These strat-
egies can include revising the salt content standards 
for salty foods like bread, cheese, and Dough, banning 
advertisements for salty foods, and educating the public 
on reducing salt consumption. Additionally, policymak-
ers can implement policies to manage the consumption 
of harmful goods through demand-side controls, such as 
rationing, taxing high-salt foods, and social marketing 
campaigns. These interventions are crucial in managing 
salt intake and its associated health risks [8, 15]. A recent 
Meta-Analysis showed that average salt intake of Iranians 
is 9.674  g daily [16]. Due to high salt intake, CVDs are 
a major health issue in Iran, causing 3911.25 disability-
adjusted life years (DALYs) per 100,000 people in 2018. 
In this year, 196.3 out of every 100,000 Iranians died due 
to cardiovascular issues [17]. High blood pressure, largely 
driven by increased salt consumption, is one of the lead-
ing risk factors for mortality and DALY in Iran [10, 18].

Earmarked taxation, where tax revenues are designated 
for specific purposes, has a long history, particularly with 
taxes on tobacco and alcohol. Similarly, many countries 
have implemented specific tax laws targeting salt con-
sumption to support public health initiatives [19–22]. 
In the past decade, several studies demonstrated that 
increasing taxes on harmful items can effectively reduce 
their consumption [23]. A recent systematic review 
specifically found that taxing high-salt foods leads to a 
decrease in their use [5]. All these studies have analyzed 
the impact of taxation on consumption patterns and food 
choices.

Tax-oriented policies, known as earmarked taxes, are 
implemented to control consumption and improve public 
health. By increasing the price of harmful commodities, 
these taxes leverage a fundamental principle of micro-
economics: as the price of a product rises, demand typi-
cally decreases [22, 24, 25]. Accordingly, raising taxes on 
harmful commodities can reduce their consumption pat-
terns towards substitutes. However, tax-oriented policies 

are only effective if the price elasticity of the commodity 
is sufficiently high, ensuring that the demand decreases 
enough to mitigate the harmful effects.

Calculating price elasticity of demand (PED) and cross-
price elasticity of demand (XED) is an effective method 
for predicting changes in demand and consumption pat-
terns in response to price adjustment [26]. PED measures 
how the demand for a commodity change in response to 
price changes, while XED assesses how the demand for 
one good shifts in response to price changes in a substi-
tute or complementary good. For example, if the price 
of beef increases, consumers may reduce their beef pur-
chases and instead buy other meats that have not seen 
a price increase. However, the price responsiveness of 
different commodities varies [26, 27]. For instance, a 
price change in emergency medical services may have 
a much smaller impact on demand than a price change 
in cosmetic surgery because the PED and XED for these 
services differ [28–30]. Taxing mechanisms and price 
increasing interventions might have welfare implications 
on consumers and the policy makers must notice to the 
welfare loss in such interventions [31, 32]. Many studies 
have calculated the effects of salty foods price interven-
tions on salt consumptions. The Salty foods have many 
substitutes, so when the price of one salty food increases, 
people can easily switch to alternatives. Some studies 
have focused on the price elasticity of demand. How-
ever, there is a lack of evidence on the effects of salty 
foods price interventions on salt consumption through 
PED and XED. The main aim of this study was to ana-
lyze the impact of taxing salty foods on salt intake in Iran. 
For this issue, this study examined the PED and XED for 
salty foods using the 2019 Iranian Household Income and 
Expenditures Survey (HIES). 

Methods
Study design
This cross-sectional study consisted of two main steps. 
First, we used data from the 2019 HEIS of Iran to calcu-
late the PED for salt and salty foods in both quality and 
quantity. We also estimated the PED and XED for salty 
foods. Second, we conducted a simulation to analyze the 
effects of various sales taxes on salt consumption.

Data sources and study variables
The HEIS contained data on income and expenditures for 
38,328 Iranian households. The Iranian Statistical Cen-
tre (ISC), which administers the survey, collects this data 
annually, with the most recent collection occurring in the 
month prior the study. The ISC employs a multistage ran-
dom sampling method, conducting detailed face-to-face 
interviews with selected households.
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We identified the code for salty foods and extracted 
them from the database using Microsoft access. The 
salty foods included seventeen different categories: vari-
ous types of traditional and non-traditional bread, bis-
cuit, cakes, canned foods, hamburgers, steaks, traditional 
salty fishes, oysters and caviar, Dough, different type of 
cheeses, curds, almonds, pistachio, hazelnuts, snack 
chips and salty snacks, salt, different types of pastes, 
dried fruits, and restaurant food services. First, since the 
foods were recorded in different units (some in kilograms 
and others in grams), we standardized all food quantities 
to 100 g. Second, we gathered data on the salt content of 
each food from the Iranian Standard Organization (ISO) 
and calculated the salt content for each food [33]. Addi-
tionally, we extracted household-level socioeconomic 
information, such as household income, the number of 
males in the household, household size, place of living, 
and residency, from the database.

Price elasticity demand measurement
We employed the Deaton method to calculate PED and 
XED [23, 34]. The Deaton method calculates PED and 
XED through a regression model as follow:

where Wc,i is the share of the budget for group c, xi rep-
resents the total household income, and zi is other con-
founding variables like household size and the number of 
males in each household, as previously discussed. vc,i is 
the unit value, which can be calculated as:vc = Ec

Qc
 , where 

Ec is the expenditures share of group c and Qc represents 
the aggregate quantity for group c, specifically the quan-
tity of salt intake in the household. It can be calculated 
as: Qc = gcqc , where gc is the standard amount of salt per 
100 g of food, and qc is as food intake per 100 g. PED and 
XED with symmetry restriction and quality correction 
were calculated in this study. PED and XED have values 
between − ∞ to + ∞, with values between − 1 and + 1 
indicating low price elasticity of demand. To estimate 
PED and XED, we used the amount of salt in each food as 
a quantity indicator, allowing for a more accurate analysis 
of the effects of the tax on salt intake.

To validate the results of Deaton method, several 
robustness tactics was used in the study. First, we 
reanalyzed the results using bootstrap standard errors 
(with 1000 bootstrap). (Online Appendix  1) Second, we 
checked the results by adding different analysis for calcu-
lation of PED and XED. 

(1)Wc,i = a0 + b1xi + ϕ0zi + ϑ0ln
(

vc,i
)

+ ε0,i

Taxing mechanisms assumptions in the study
Several taxing policies can be used for checking the effects 
of tax mechanisms on salt intake. For example, tiered taxes 
can be levied for different salt used in the commodities. 
Or some exemptions can be made for those commodi-
ties which has the main source of calory for the poor (like 
breads). In this study we only focused on sin taxes which 
are earmarked for the health system. First, we calcu-
late the salt unit value for each commodity. For example, 
if a bread had 1 dollar’s price and had 4 g salt, we calcu-
late the price of salt intake by dividing the bread price to 
the salts added in it (unit value of salt = 0.25 dollars). Then 
we make different percentages of tax (from 0 to 100%) on 
the price of commodity. We test the tiered tax by divid-
ing the commodities in to two groups of high salty foods 
(Cheese, Dough, Sausage, Chips and Salt) and low salty 
foods (Breads, Pasta, Noodles, Biscuits, curds, nuts, pastes, 
Sauce, juice, Fast foods, Traditional foods and Breakfasts). 
We added 50% tax to high salty foods and 25% tax to low 
salty groups and reanalyzed the results.

Mathematical simulation approach
We used a mathematical approach to calculate the effects 
of salt taxing on salt intake. This method provides a robust 
way to simulate the impact of public policy on outcomes 
[26]. To ensure comparability and accurately assess salt 
intake post-taxation, we calculated the standard amount 
of salt for each food group. Instead of using the quantity of 
food in the model, we used the amount of salt, denoted as 
q . Assume that the price of one gram of salt in commodity 
c is pc , and that the government imposes a percentage tax 
on salty food, which increases the price of the commodity 
from its original price, p1 , to the new price after taxation, 
p2 . The new price can be written as:

where θ is the tax percentage. Depending on the price 
elasticity, a tax increase may lead to either an increase or 
decrease in the quantity of consumed and corresponding 
salt intake. Assume that dq2 = q2 − q2 , representing the 
change in quantity of salt intake. The change in salt intake 
quantity is related to the PED as follows:

Where ε represents PED and dp2 denotes the changes in 
the price of the good between two times ( θp1).

In addition, the quantity of salt intake for the commod-
ity q is related to the price and consumption of substitute 

(2)p2 = p1 + θp1,

(3)ε =
dq

dp
.
p

q
, dq2 = ε.dp2.

q2

p2

(4)dq2 = ε.θp1.
q2

p2
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goods. Therefore, the XED of other commodities may 
affect the quantity of q . The XED ( εy) can be negative for 
substitute goods or positive for complementary goods. 
The XED can be expressed as:

In this study, we focus exclusively on salty foods as sub-
stitutes and complements to the commodities, consider-
ing other foods as negligible. Therefore, we can rewrite 
the above formula to account for all substitutes and com-
plements of each salty food:

Thus, we express the total salt intake ( dQ ) for each salty 
food as:

We analyzed the results using different taxing percent-
ages and compared the resulting changes in salt con-
sumption. STATA SE v14.1 (DASP package) was used for 
estimating PED and XED, while Excel software was used 
for mathematical simulations. The Ethics Committee 
of Guilan University of Medical Sciences approved this 
study (Ethics Code: IR.GUMS.REC.1399.585). 

Results
The descriptive analysis of the households revealed that 
the average household size was 3.55 (± 1.48). On aver-
age, each household consisted of 1.79 (± 1.05) males, 
0.28 (± 0.52) children under the age of five, 0.26 (± 0.55) 
individuals aged over 65, 0.88 (± 0.90) illiterate mem-
bers, 0.32 (± 0.82) members with a university degree, and 
1.07 (± 0.81) individuals with paid employment. Table  1 

(5)εy =
dq

dpy

py

q
, dq2 = εy.dpy2.

q2

py2

(6)
k

∑

n=1

(dq2)n =

k
∑

n=1

(εy.dpy2.
q2

py2
)

n

(7)dQ = ε.θp1.
q2

p2
+

k
∑

n=1

(εy.dpy2.
q2

py2
)

n

provides a detailed summary of the household character-
istics in the HEIS dataset.

Table  2 presents the PED and XED for various salty 
foods, along with their respective standard errors. As 
shown in the table, noodles and pilaf had the highest PED 
among all salty foods at − 4.89 (0.64), followed by bread 
with a PED of − 2.03 (0.12). This meant that by increase 
1% in the price of noodles and pilaf, the salt intake will 
decrease 4.89%. and by increase 1% in the price of bread 
the salt intake will decrease 2.03%. Conversely, Dough 
had the lowest PED at − 0.40 (0.40). Additionally, the 
highest XED was observed between salt and noodles/
pilaf at − 4.55 (0.08). Negative XEDs indicates that by 
one percentage increase in the price of one good, the 
salt intake in the interacted good will decrease. So, these 
two goods are complementary goods. Conversely, posi-
tive XEDs shows that by one percentage increase in the 
price of a good, the salt intake in the interacted good will 
increase and these two goods are substitute goods. This 
meant that by increase 1% in the price of noodles and 
pilaf, the salt use will decrease 4.55%. (Noodles and salts 
are Complementary goods).

Figure 1 illustrates the changes in salt intake related to 
PED, XED, and total salt as the tax percentage changes. 
As shown in the figure, there is no change in salt intake 
when no tax is applied, and the salt intake related to PED 
decreases as the tax percentage increases. However, the 
salt intake related to XED rises with increasing tax per-
centages. The changes in salt intake due to XED are more 
significant than those due to PED, leading to an overall 
increase in total salt intake. This suggests that total salt 
intake ( dQ ) increases as tax percentages rise.

Table 3 presents the quantities related to PED for dif-
ferent types of salty foods. Based on the price elasticity of 
demand and the amount of salt in each food, taxation has 
a significant impact on the salt intake of certain foods, 
such as bread, pasta, noodles and pilaf, sauces, and fast 
foods. However, it has little to no effect on the intake of 
foods like salt, chips, nuts, and curds.

Table 1  Household characteristics in the 2019 HEIS

Variable Mean SD Min Max

The average number of males in each household 1.79 1.05 0 9

Age average of household 36.14 17.27 0 98

The average number of children < 5 0.28 0.52 0 5

The average number of elderlies > 65 0.26 0.55 0 4

The average number of illiterate people in each household 0.88 0.90 0 13

The average number of people with a university degree in each household 0.32 0.82 0 18

The average number of people who have a job in each household 1.07 0.81 0 9

The average household size 3.55 1.48 0 16
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Table 4 presents the salt intake related to XED across 
different food types at various tax percentages. The table 
shows that the salt intake for each item related to XED 
varies. For example, the salt intake from bread and noo-
dles decreases after taxation on the prices of other salty 
foods. However, there is a significant increase in salt 

consumption from items like chips and Cheetos. Specifi-
cally, a 20% tax on other salty foods would result in an 
additional 242.42 g of total salt consumption per month, 
with 126.33 g of that coming from chips and Cheetos.

Figure 2 illustrates the share of each food in total salt 
intake after a 20% tax. The results indicate that following 

Table 2  Price Elasticity of Demand (PED) and Cross Price Elasticity of Demand (XED) for various salty foods

Bold font indicates PED, while regular font represents XED. Standard errors are provided in parentheses. 

Bread pasta Noodles and 
pilaf

Biscuits Sausage Dough Cheese Curd Nuts

Bread − 2.03 (0.11) 0.00 (0.11) − 0.57 (0.38) 0.15 (0.07) 0.10 (0.3) − 0.11 (0.57) 0.09 (0.07) 0.00 (1.44) 0.00 (0.08)

Pasta 0.00 (0.72) − 1.00 (0.72) 0.00 (0.10) 0.00 (0.08) 0.00 (0.17) 0.00 (0.25) 0.00 (0.12) 0.00 (0.56) 0.00 (0.11)

Noodles 
and Pilaf

− 3.01 (0.07) 0.00 (0.07) − 4.89 (0.64) − 0.21 (0.10) − 0.57 (0.07) − 0.73 (0.33) − 1.83 (0.06) 0.00(0.09) 0.00 (0.05)

Biscuits 0.55 (0.07) 0.00 (0.07) − 0.15 (0.13) − 1.57 (0.05) − 0.01 (0.05) 0.15 (0.10) 0.18 (0.12) 0.00(0.09) 0.00 (0.03)

Sausage 0.34 (0.17) 0.00 (0.17) − 0.39 (0.1) − 0.01 (0.06) 1.14 (0.81) 0.51 (0.50) 0.37 (0.16) 0.00 (0.56) 0.00 (0.13)

Dough − 0.71 (0.13) 0.00 (0.13) − 0.91 (0.26) 0.27 (0.06) 0.96 (0.27) − 0.40 (0.40) 0.13 (1.9) 0.00 (0.77) 0.00 (0.11)

Cheese 0.33 (0.07) 0.00 (0.07) − 1.26 (0.17) 0.18 (0.06) 0.38 (0.12) 0.07 (0.28) 2.37 (0.46) 0.00 (0.65) 0.00 (0.09)

Curd 0.01 (0.39) 0.00 (0.39) 0.00 (0.09) 0.01 (0.07) 0.01 (0.39) 0.00 (1.01) 0.00 (0.09) 1.00 (4.21) 0.00 (0.09)

Nuts − 0.01 (0.1) 0.00 (0.1) 0.00 (0.07) 0.00 (0.03) 0.00 (0.12) 0.00 (0.21) 0.00 (0.17) 0.00(0.12) − 1.00 (0.61)
Chips, Cheetos 2.37 (0.18) 0.00 (0.18) 1.87 (0.19) 0.36 (0.05) 0.52 (0.08) 1.60 (0.23) − 1.34 (0.21) 0.00 (0.1) 0.00 (0.16)

Salt − 1.61 (0.07) 0.00 (0.07) − 4.55 (0.08) 0.86 (0.03) 1.03 (0.18) − 1.32 (0.29) 2.75 (0.22) 0.00 (0.89) 0.00 (0.04)

Pastes 0.00 (0.09) 0.00 (0.09) 0.00 (0.19) 0.00 (0.03) 0.00 (0.09) 0.00 (0.16) 0.00 (0.02) 0.00 (0.07) 0.00 (0.00)

Sauce 0.01 (0.00) 0.00 (0.00) 0.00 (0.06) 0.01 (0.01) 0.01 (0.01) 0.00 (0.00) 0.00 (0.00) 0.00 (0.02) 0.00 (0.00)

Juices 0.00 (0.00) 0.00 (0.00) 0.00 (0.01) 0.00 (0.01) 0.00 (0.01) 0.00 (0.07) 0.00 (0.13) 0.00 (0.00) 0.00 (0.00)

Fast foods − 0.03 (0.07) 0 (0.07) 0.00 (0.06) 0 .00 (0.04) 0.00 (0.32) 0.00 (0.39) − 0.01 (0.21) 0.00 (0.40) 0.00 (0.14)

Traditional res-
taurant foods

0.25 (0.29) 0.00 (0.29) − 0.03 (0.27) 0.18 (0.09) 0.29 (0.16) 0.21 (0.36) 0.43 (0.09) 0.00 (1.07) 0.00 (0.09)

Breakfast res-
taurant foods

− 1.52 (0.15) 0.00 (0.15) 0.19 (0.16) − 0.5 (0.04) − 0.13 (0.11) − 0.41 (0.23) − 0.02 (0.23) 0.00 (0.37) 0.00 (0.12)

Chips, Cheetos Salt Pastes sauce Juices Fast foods Traditional 
Restaurant 
foods

Breakfast 
restaurant 
foods

Bread 0.31 (0.32) − 0.07 (1.8) 0.00 (0.10) 0.00 (0.05) 0.00 (0.02) 0.00 (0.20) 0.21 (0.12) − 0.39 (0.20)

Pasta 0.00 (0.39) 0.00 (0.46) 0.00 (0.07) 0.00 (0.00) 0.00 (0.00) 0.00 (0.05) 0.04 (0.12) 0 (0.16)

Noodles and Pilaf 1.27 (0.28) − 0.99 (0.36) 0.00 (0.09) 0.00 (0.15) 0.00 (0.01) 0.00 (0.03) 0.06 (0.08) 0.27 (0.12)

Biscuits 0.17 (0.11) 0.13 (0.22) 0.00 (0.02) 0.00 (0.03) 0.00 (0.02) 0.00 (0.03) 0.5 (0.04) − 0.49 (0.04)

Sausage 0.24 (0.18) 0.15 (1.22) 0.00 (0.07) 0.00 (0.02) 0.00 (0.02) 0.00 (0.26) 0.74 (0.07) − 0.12 (0.12)

Dough 1.37 0(0.27) − 0.36 (1.06) 0.00 (0.06) 0.00 (0.01) 0.00 (0.08) 0.00 (0.17) 1.02 (0.08) − 0.7 (0.13)

Cheese − 0.63 (0.36) 0.41 (1.38) 0.00 (0.16) 0.00 (0.08) 0.00 (0.00) 0.00 (0.1) 1.11 (0.08) − 0.02 (0.09)

Curd 0.00 (0.15) 0.00 (4.24) 0.00 (0.03) 0.00 (0.06) 0.00 (0.00) 0.00 (0.23) 0.05 (0.3) 0.00 (0.28)

Nuts 0.00 (0.35) 0.00 (0.28) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.11) 0.03 (0.04) 0.00 (0.12)

Chips, Cheetos 0.91 (0.6) 0.21 (0.61) 0.00 (0.18) 0.00 (0.02) 0.00 (0.02) 0.00 (0.05) 0.27 (0.06) 0.3 (0.14)

Salt 0.66 (0.19) − 1.19 (1.83) 0.00 (0.08) 0.00 (0.00) 0.00 (0.03) 0.00 (0.11) 6.02 (0.07) − 0.6 (0.11)

Pastes 0.00 (0.55) 0.00 (0.77) − 0.98 (0.47) 0.00 (0.36) 0.00 (0.1) 0.00 (0.06) 0.04 (0.03) 0.00 (0.15)

Sauce 0.00 (0.02) 0.00 (0.00) 0.00 (0.07) − 1.00 (0.26) 0.00 (0.00) 0.00 (0.02) 0.05 (0.01) 0.01 (0)

Juices 0.00 (0.02) 0.00 (0.09) 0.00 (0.04) 0.00 (0.00) -1.00 (0.13) 0.00 (0.04) 0.04 (0.02) 0.00 (0.01)

Fast foods 0.00 (0.15) 0.00 (0.93) 0.00 (0.05) 0.00 (0.07) 0.00 (0.1) − 1.00 (0.24) 0.02 (0.05) − 0.01 (0.1)

Traditional restaurant 
foods

0.05 (0.34) 0.35 (1.22) 0.00 (0.06) 0.00 (0.08) 0.00 (0.08) 0.00 (0.1) 1.00 (0.16) − 0.24 (0.14)

Breakfast restaurant 
foods

0.15 (0.29) − 0.09 (0.68) 0.00 (0.1) 0.00 (0.01) 0.00 (0.02) 0.00 (0.08) 0.61 (0.05) 0.41 (0.12)
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Fig. 1  The changes in salt intake related to PED, XED, and total salt intake by changes in different tax percentage and confidence intervals. 
The horizontal axis shows tax percentages and the vertical axis shows changes in salt intake. As shown in the figure, a 40% tax on salty foods 
will decrease salt intake near 400 g monthly (from the view of PED), while it increases the salt intake more than 500 g for the substitution 
and complementary goods (from the view of XED). The total salt intake will increase near 100 g in 40% tax

Table 3  The salt intake related to PED based on the type of food under different tax percentage

The first column shows the tax percentages and the first row shows the salty food type. As shown in the table, a 2% tax on bread will decrease salt intake 13.66 g 
monthly (from the view of PED). A 10% tax on noodles and pilaffs will decrease salt intake 28.31 g monthly. 

Tax percentage Bread Pasta Noodles and Pilaf Biscuits Sausage Dough Cheese Curd Nuts

2 − 13.66 − 0.47 − 5.66 − 0.09 0.38 0.48 0.10 0.00 0.00

5 − 34.15 − 1.17 − 14.16 − 0.22 0.95 1.20 0.23 0.00 0.00

10 − 68.30 − 2.35 − 28.31 − 0.43 1.91 2.40 0.45 0.00 0.00

20 − 136.59 − 4.69 − 56.63 − 0.87 3.81 4.80 0.82 0.00 0.00

50 − 341.49 − 11.73 − 141.57 − 2.17 9.54 12.00 1.64 0.00 0.00

100 − 682.98 − 23.46 − 283.13 − 4.35 19.07 24.00 2.46 0.00 0.00

Tax percentage Chips, Cheetos Salt Pastes sauce Juices Fast foods Traditional 
Restaurant foods

Breakfast 
restaurant 
foods

2 0.00 0.00 − 0.31 − 0.10 0.00 − 0.14 0.14 0.05

5 0.00 0.00 − 0.77 − 0.26 0.00 − 0.36 0.36 0.13

10 0.00 0.00 − 1.53 − 0.52 0.00 − 0.72 0.71 0.25

20 0.00 0.00 − 3.06 − 1.04 0.00 − 1.45 1.42 0.50

50 0.00 0.00 − 7.65 − 2.60 0.00 − 3.62 3.56 1.25

100 0.00 0.00 − 15.30 − 5.19 0.00 − 7.23 7.11 2.51
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taxation, people tend to shift from foods such as bread 
and noodles to other salty options, like chips and salt.

Sensitivity analysis
We reanalyzed the results adding a tired tax for salty 
foods. For this purpose, we added two different tax per-
centages for the food. The results showed that the total 
salt intake increased 157.06 g, the salt intake due to PED 
decreased 230.653 g and salt intake due to XED increased 
387.71  g. In addition, we analyzed the standard errors 
of XEDs and PEDs using 1000 bootstrap resampling. 
(Online Appendix 1-Table 5). In addition, we reanalyzed 
the results using almost ideal demand system (AIDS) 
estimator, assuming that the price elasticities are uncom-
pensated and the goods are asymmetric and heterogeny. 
Findings showed a higher increase in salt intake in all tax 
percentages in comparison to DUVM estimator. PEDs 
and XEDs and the salt intake in different tax percentages 
are added in the online Appendix 2 (Table 6 and Table 7).

Discussion
This study analyzed the potential impact of a key pub-
lic health policy—sin taxation—on the consumption of 
unhealthy goods, specifically salty foods. We first cal-
culated the PED and XED, which are critical factors in 
assessing the effectiveness of a taxation policy. Taxation 
raises the price of unhealthy goods, leading to a reduc-
tion in their consumption due to the supply–demand 
equilibrium. However, the extent of this reduction 
depends largely on the PED. Goods with higher PEDs are 
more sensitive to price changes, making taxation more 

effective for commodities with high price elasticity. In 
this study, we calculated the PEDs for various salty foods. 
Since these foods come in different forms and their meas-
urement units vary, we analyzed changes in consumption 
and taxation strategies by using the weight of salt as a 
standardized measure, instead of relying on the specific 
unit of each commodity. This approach allowed for more 
comparable taxation effects across different types of salty 
foods.

The findings of this study showed that the PED of salty 
foods varied widely, ranging from approximately − 4.9 
to 2.4. The PED for salt was zero, while for bread—a 
significant source of salt in Iran—it was − 2.03. A study 
conducted in the United States calculated the PED for 
cheese at around − 0.44 [35]. A randomized experiment 
in New Zealand demonstrated that people shifted toward 
healthier diets following the implementation of salt taxes 
[36]. Similarly, a study in Chile found that taxing salty 
foods could reduce the population’s sodium intake. The 
results indicated that the price elasticity for salty snacks 
was − 1.95, and an 18% tax could decrease sodium intake 
by 20  mg per month [37]. In the USA, the estimates of 
potential weight loss from different tax rates on salty 
snacks under different price elasticities show that a 10% 
price increase from a national excise tax reduces body 
weight between 0.1 and 0.5 kg per year, although gener-
ates about $1 billion tax revenue [25]. All of these coun-
tries have several diet and economic differences with 
Iran. In all of these countries bread is one of the main 
sources of calorie, however, he salts use in bread is dif-
ferent in these countries and salt use in bread in Iran 

Table 4  The salt intake related to XED based on the type of food under different tax percentages

The first column shows the tax percentages and the first row shows the salty food type. As shown in the table, a 2% tax on bread will decrease salt intake in it 0.63 g 
monthly (from the view of XED). A 20% tax on sausages will increase salt intake 5.84 g monthly.

Tax percentage Bread Pasta Noodles and Pilaf Biscuits Sausage Dough Cheese Curd Nuts

2 − 0.63 0.00 − 6.72 0.07 2.51 0.01 0.03 0.00 0.00

5 − 1.57 0.00 − 16.79 0.18 3.76 0.02 0.08 0.00 0.00

10 − 3.14 0.00 − 33.58 0.36 5.84 0.04 0.16 0.00 0.00

20 − 6.29 0.00 − 67.16 0.72 10.00 0.08 0.32 0.00 0.00

50 − 15.71 0.00 − 167.90 1.80 22.50 0.21 0.79 0.00 0.00

100 − 31.43 0.00 − 335.80 3.60 43.33 0.42 1.58 0.00 0.00

Tax percentage Chips, Cheetos Salt Pastes sauce Juices Fast foods Traditional 
Restaurant foods

Breakfast 
restaurant 
foods

2 12.64 24.24 0.00 0.00 0.00 0.00 1.53 − 1.76

5 31.61 60.60 0.00 0.00 0.00 0.00 3.83 − 1.99

10 63.22 121.20 0.00 0.00 0.00 0.00 7.66 − 2.38

20 126.43 242.40 0.00 0.00 0.00 0.00 15.31 − 3.16

50 316.08 606.00 0.00 0.00 0.00 0.00 38.29 − 5.51

100 632.16 1212.00 0.00 0.00 0.00 0.00 76.57 − 9.41
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is one of the highest in the World. Near 80% of Iranian 
household use more than 5  g of salt daily [38, 39]. Due 
to low level use of salt in bread in other countries, taxing 
mechanisms do not affect the bread price highly, but it 
highly effects bread price in Iran and might have negative 
impacts on bread and carbohydrates intake of the coun-
try specially for the poor.

Our study showed that taxing interventions for salty 
foods did not decrease salt intake. A survey conducted 
in the USA concluded that taxation on salty foods would 
not have a reducing effect on the consumption of such 
foods, and price changes do not appear to induce signifi-
cant changes in consumers’ salty foods choices. Thus, a 
tax could raise earmarked revenues [40]. Furthermore, 
a systematic review on the effectiveness and feasibility 
of taxing salt and foods concluded that, while there is 
some evidence supporting the potential effectiveness of 
salt taxation, food taxes can lead to unintended conse-
quences, such as reduced consumption of healthy foods, 
or increased consumption of unhealthy, untaxed substi-
tutes [5]. A study in the United States analyzed price elas-
ticity of Soda and salty snacks and discussed that increase 
in the price of these foods might increase utilization of 
other unhealthy foods [41]. A possible explanation for 
this is that as salt intake decreases from certain foods, the 

population shifts to consuming lower-quality salty alter-
natives. For instance, our simulation showed that while 
the demand for noodles, bread, and pasta decreased, 
there was a significant increase in salt demand. This sug-
gests that the population may not alter their overall salt 
intake behavior but instead opt for cheaper, lower-qual-
ity salty foods. Additionally, as highlighted in the litera-
ture review, alongside broad-based tax policies aimed at 
improving diets, implementing carefully designed sub-
sidies on healthy foods may create a synergistic effect, 
encouraging a shift in dietary behavior from unhealthy 
to healthier options [35]. In this context, experimental 
research demonstrates that lowering the price of healthier 
foods, while raising the price of less healthy alternatives, 
shifts consumer purchases toward more nutritious food 
options [42–45]. Another study showed that combin-
ing taxes on unhealthy foods with subsidies for healthy 
foods was effective in promoting healthier choices [5]. 
These findings are critical for policymakers, challenging 
the notion that taxation alone is effective in changing the 
population’s behavior. Taxing all foods based on their salt 
content is likely to have a greater impact than targeting 
specific high-salt products, given the widespread pres-
ence of salt throughout the food supply chain. Moreover, 
the studies investigating the effectiveness of fiscal policies 

Fig. 2  Share of each food in salt intake after a 20% tax. The horizontal axis shows changes in salt intake and the vertical axis shows the salty foods. 
As shown in the figure, a 20% tax on salty foods will decrease salt intake in breads and noodles for both PED and XED. It highly increase the salt 
intake for cheeps and Cheetos and packed salt for XED which compensates the benefits of decreasing salt intake in breads and noodles
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on salt intake did not adopt a holistic approach and 
failed to incorporate the cross-price elasticities (XED) 
between commodities, which may have influenced the 
results. In our study, we found that the price elasticity of 
demand (PED) for most foods was negative. This suggests 
that relying solely on the PED to evaluate the effective-
ness of policies on salt intake could lead to a decrease in 
utilization.

Despite the ineffectiveness of sin-taxes on decreasing 
salt intake, these types of taxes can increase the tax rev-
enue. They are a major source of the government budget 
of improving health of population [46, 47]. As the salt 
intake increased through higher taxes rates, this policy is 
effective in increasing the government budget. This pol-
icy can be effective for the health system if the additional 
tax revenue prioritized for health promotion and control-
ling the side effects of harmful commodities [48, 49].

Policymakers must consider both PED and XED when 
designing tax interventions on foods to ensure a shift 
in dietary behavior from unhealthy to healthy choices. 
Another important implication is that XED may be more 
critical than PED. Health policymakers should focus their 
tax interventions on foods with lower XED and higher 
absolute PED to maximize impact. Meanwhile, a study 
conducted in the USA indicated that taxing soft drinks 
and snacks at higher rates than other foods has mini-
mal effects on consumption, suggesting that such taxes 
are primarily designed to generate revenue rather than 
influence consumer behavior [50]. XED can be either 
negative or positive, depending on the type of commod-
ity. For commodities without substitutes, XED is close 
to zero. Additionally, if a good has complements, XED 
will be positive, and taxing it will reduce the consump-
tion of the complementary good. The effects of tired 
taxes on more salty foods are another issue which must 
be noticed. Notably, for many key salty foods, we did not 
find any studies that estimated price elasticities, includ-
ing cross-price elasticities, to predict within-category 
shifts between healthier and less healthy alternatives. 

Study limitations and strength
This study is one of the first to measure both PED and 
XED for salt and salty foods, along with the effects of 
taxation. However, the study also had some limita-
tions. First, there is a relationship between PED and 
XED for a wide range of salty foods that have comple-
mentary or substitute relationships. The study did not 
examine shifts within categories between healthier and 
less healthy alternatives. Therefore, further research 
is needed to explore how variations in tax rates affect 
the consumption of salty foods within categories that 
exhibit complementary or substitution relationships. 
Second, while our study addresses some economic 

questions regarding the PED and XED of salty foods 
and the impact of taxation on consumption, it does not 
answer all concerns. For instance, it remains uncertain 
whether taxing the entire range of high-salt foods will 
significantly improve dietary quality. Third, there are 
some interactions between XEDs and salty foods. To 
avoid complexity, they were deleted from salt intake 
estimations. Third some items like traditional restau-
rant foods and Breakfast restaurant foods might have 
a high heterogeneity. We were not able to break down 
these foods to more humogen groups due to the lack of 
data.

Conclusion
The results of this study answer the effectiveness of inter-
ventions which can help the societies to achieve one 
of the Sustainable Development Goals (SDGs) about 
decreasing noncommunicable diseases. Health promo-
tion policies that impose taxes to reduce the consump-
tion of unhealthy products are not always effective for 
salty foods. Policymakers should target these strategies at 
foods that do not have low-quality or harmful substitutes. 
Both price PED and XED are crucial for the potential 
outcome of such policies. Tax interventions on salt can 
affect utilization of some essential foods like bread spe-
cially for the poor. Policies can focus on subsidies health-
ier substitute foods, work on health promotion tactics to 
reduce salt intake in the population. For future studies it 
is suggested to focus on the impacts of salt taxation on 
salt intake and related welfare loss and comparing it to 
earmarked revenues, health promotion financing and 
cardiovascular diseases. Furthermore, analyzing the XED 
between salty and non-salty foods could offer a more 
comprehensive understanding of substitution effects of 
taxation in salty foods.
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