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Abstract
Background: Recent evidence suggests overall diet quality, as assessed by dietary scores, may play a role in the development of 
upper gastrointestinal (UGI) cancers. However, the existing dietary scores are derived from high-income countries with different 
dietary habits than regions with the highest burden of UGI cancers, where limited data is available. This study aimed to investigate 
the association between overall diet quality and risk of esophageal and stomach cancers in a high-risk region for UGI cancers.
Methods: We recruited 50 045 individuals aged 40-75 between 2004-2008 from northeastern Iran and followed them annually 
through July 2020. Data on demographics, diet, and various exposures were collected using validated questionnaires. Diet quality 
was assessed by calculating the Healthy Eating Index (HEI), Alternative Healthy Eating Index (AHEI), Alternative Mediterranean 
Diet (AMED), Dietary Approaches to Stop Hypertension (DASH), and World Cancer Research Fund–American Institute for Cancer 
Research (WCRF-AICR) scores.
Results: During an average 12 years of follow-up, 359 participants developed esophageal cancer and 358 developed stomach 
cancer. After adjustments, each standard deviation increase in baseline dietary scores was associated with up to 12% reduction in 
esophageal cancer risk and up to 17% reduction in stomach cancer risk. Esophageal cancer showed stronger inverse associations 
with adherence to AMED (HRQ4-vs-Q1 = 0.69 (0.49–0.98), P-trend = 0.038). Stomach cancer showed stronger inverse correlation 
with WCRF-AICR (HRQ4-vs-Q1 = 0.58 (0.41–0.83), P-trend = 0.004), and DASH (HRC4-vs-C1 = 0.72 (0.54–0.96), P-trend = 0.041). These 
associations were comparable across different population subgroups. We did not observe significant associations between HEI and 
AHEI scores and UGI cancers in this population.
Conclusion: Despite the differences in consuming individual food groups, adherence to the available dietary recommendations 
(derived from high-income countries) was associated with lower risk for subsequent esophageal and gastric cancers in this high-risk 
population. Educating the public to have a healthy eating pattern might be an effective strategy towards prevention of UGI cancers 
in high-risk regions.
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Introduction
In 2020, an estimated 1.7 million individuals were 
diagnosed with upper gastrointestinal (UGI) cancers 
and 1.3 million died from these cancers.1 The burden 
of these cancers is highest in low- and middle- income 
countries (LMICs), where around 85% of UGI cancer 
deaths occur.1,2 Between 30%‒50% of cancer cases are 
preventable through lifestyle modification.3,4 Given that 
diet constitutes a major lifestyle element, developing 
nutritional policies has emerged as an international 
public health priority to protect against cancer and other 
non-communicable diseases.4–6

Recent evidence indicates that whole diet quality 
(assessed by dietary scores) might have an important 
role in the development of UGI cancers.4,7,8 However, 
the strength and direction of dietary associations 
with UGI cancers seem to be organ site-specific,8 and 
discrepancies have been observed for these associations 
across geographic regions.7 Furthermore, the available 
dietary scores were derived from high-income countries 
(HICs) where dietary habits are different from regions 
with the highest burden of UGI cancers.9 However, 
limited or no data is available on whole diet quality and 
risk of UGI cancers from high-risk regions.4,7 Therefore, 
rigorous research in LMICs is needed to investigate the 
applicability of the available dietary recommendations for 
reducing the risk of UGI cancers and informing cancer 
prevention policies in these high-risk regions.4,8,10

Northeastern Iran has long been known as a high-risk 
region for UGI cancers.11 Decades of epidemiologic studies 
suggest dietary factors might contribute to the risk of UGI 
cancers in this region.11–14 However, most studies only 
focused on intake of specific food groups and nutrients 
rather than assessing whole diet quality.12–19 Based on 
571 042 person-years of follow-up within the Golestan 
Cohort Study (GCS) in northeastern Iran, we assessed 
baseline diet quality in this population using five dietary 
scores (Healthy Eating Index 2015 [HEI], Alternative 
Healthy Eating Index 2010 [AHEI], Alternative 
Mediterranean Diet [AMED], Dietary Approaches to 
Stop Hypertension [DASH], and World Cancer Research 
Fund–American Institute for Cancer Research [WCRF-
AICR]) and investigated whether baseline diet quality was 
associated with the risk of developing UGI cancers in this 
population.

Materials and Methods
Study Population and Design
The GCS is a prospective population-based cohort 
of 40‒75-year-old individuals living in the Golestan 
province in northeastern Iran. The details of the GCS 
design have been published previously.20,21 After the 
pilot phase, 50,045 people were recruited to the GCS 
between 2004 and 2008, from 326 urban and rural areas of 
Gonbad, Maraveh-tappeh, Kalaleh, and Aq-qala districts 
of the province.21 Participants who had been diagnosed 
with upper GI cancers before enrollment, those who 

were unwilling to participate, and temporary residents 
were excluded from the GCS. For this analysis, we also 
excluded participants who did not have a fully completed 
Food Frequency Questionnaire (FFQ) and those with 
extreme energy intake. All participants provided a written 
informed consent before enrollment in the study. The 
GCS was approved by the institutional review boards 
of the Digestive Disease Research Institute of Tehran 
University of Medical Sciences, the International Agency 
for Research on Cancer, and the US National Cancer 
Institute.

Questionnaires and Data Collection
At enrollment, the participants were interviewed by 
trained staff to complete two validated questionnaires20-22; 
a general questionnaire to collect data on demographics, 
lifestyle, medical history, socioeconomic status, and 
various exposures; and an FFQ that was developed by 
a team of Iranian nutritionists and contained detailed 
inquiries about the frequency and amount of consuming 
116 food items.22 

Participants were asked about ever regular use of 
opium (a widely used addictive narcotic), tobacco, and 
alcohol, and if applicable, the duration, frequency and 
consumption amount of each substance. We calculated 
the cumulative opium used in nokhod-years (nokhod is a 
local unit for opium ≈ 0.2 g), and cumulative cigarettes 
smoked in pack-years (pack = 20 cigarettes), by calculating 
the number of units consumed per day multiplied by the 
number of consumption years. Since alcohol consumption 
is rare in this region, we categorized the participants based 
on ever/never regular alcohol consumption.

To evaluate socioeconomic status, we used the quartiles 
of a composite wealth score that was created previously 
using multiple correspondence analysis on the following 
variables: property ownership, structure and size of 
the house, vehicle ownership, and having a television, 
refrigerator, freezer, vacuum cleaner, or washing machine 
at home.23 The participants were also asked about having 
any formal education and if applicable, years of education.

The GCS included mostly rural populations whose 
main daily physical activity was related to their activity at 
work. The participants were asked whether they worked 
every month throughout the year and if their work type 
included intense physical activity. Accordingly, they 
were categorized based on their occupational activity 
as “irregular non-intense”, “regular non-intense”, 
and “intense” physical activity.24 The participants 
also underwent a brief physical examination and 
anthropometric measurements. Body mass index (BMI) 
was calculated by dividing the participants’ weight by 
their squared height (kg/m2). 

Dietary Scores and Energy Intake
We previously showed that the FFQ provides valid and 
reliable measurements of intake for energy, and various 
food groups and nutrients in this population.22 A brief 
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description of the questionnaires’ validation studies is 
provided in Supplementary file 1 (File S1). Using the FFQ, 
we calculated the HEI, AHEI, AMED, DASH, and WCRF/
AICR scores to quantify baseline diet quality in this 
population.9 Details for calculating the dietary scores are 
presented in Supplementary file 1 (File S1, Tables S1 and S2). 
Briefly, the Iranian food tables were used to extract the 
energy and nutrient contents.25 When the nutrient contents 
were not available in the Iranian tables, the United States 
Department of Agriculture reports (release 23) were 
used.26 The Food Patterns Equivalents Database (FPED) 
2013‒14 was used to convert the daily intakes from grams 
to cup and ounce equivalents to create components of the 
HEI and AHEI scores.27

The HEI score evaluates adherence to the dietary 
guidelines for Americans and has 13 components for a 
total of 100 points.28 The energy density model was used 
to calculate the components per 1000 kcal/d. The AHEI 
score evaluates adherence to the dietary guideline created 
by Harvard University and has 11 components for a total 
of 110 points.29 The AMED score evaluates adherence to 
the Mediterranean diet and includes nine components 
for a total of 9 points and uses sex-specific median of the 
participants’ intake for scoring.30 The DASH score evaluates 
adherence to DASH diet for preventing hypertension that 
was created by Fung et al and includes 8 components for 
a total of 40 points and uses sex-specific quintiles of the 
participants’ intake for scoring.31 The WCRF/AICR score 
evaluates adherence to the recommendations by WCRF 
to prevent cancer and includes 7 dietary components 
and 3 non-dietary components. To allow comparability 
with the other scores, only the dietary components were 
included in this study.32 The participants received 0, 0.5, 
or 1 point if they did not meet the recommendation, 
met an intermediate recommendation, or met the 
recommendations, respectively, for a total of 7 points.33 
All participants received a zero for alcohol or whole grain 
in the dietary scores including these two items because 
alcohol drinking or whole grain consumption are not 
common in this population.

Follow-up and Outcome Ascertainment
Around 99% of the participants have been successfully 
followed since enrollment using annual telephone 
surveys. In case of reporting incident cancers, a staff visits 
the patient’s home to complete a detailed questionnaire. 
Then, a team visits the corresponding medical centers 
to gather copies of relevant medical documents, which 
are then reviewed by 2-3 expert physicians to verify the 
diagnosis of cancer. Additionally, the cohort records 
are matched to the Golestan Population-based Cancer 
Registry database to minimize misclassifications in the 
diagnosis of cancer. The final diagnosis of cancers are 
recorded based on the 10th revision of the International 
Statistical Classification of Diseases and Related Health 
Problems (ICD-10).34 Incident cancers with ICD-10 
codes C15 (esophageal cancer) and C16 (stomach cancer) 

were the outcomes of interest for this analysis. Given that 
around 90% of esophageal cancer cases were squamous 
cell carcinoma, we did not separate this outcome by 
histologic subtypes.

Statistical Analyses
After checking the proportional hazard assumptions, Cox 
proportional hazards models were applied to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) 
for the association between dietary scores and risk of 
UGI cancers. For each participant, age at recruitment 
was defined as the entry time, while the exit time was 
defined as age at the time of UGI cancer diagnosis, death, 
or last contact (through July 18, 2020), whichever came 
first. The models were adjusted for sex, residence district, 
socioeconomic status, ethnicity, education, BMI, physical 
activity level, pack-years of cigarettes smoked, nokhod-
years of opium used, ever alcohol consumption, and 
energy intake (kcal/d).

To evaluate the association of dietary scores with risk 
of UGI cancers, we used two approaches: first, we divided 
the dietary scores by their standard deviations (SD) 
and treated them as continuous variables in the models 
to assess the risk of UGI cancers associated with each 
increment in the SD of the scores. Then, for each dietary 
score, we categorized the participants into sex-specific 
quartiles and treated the lowest quartile (worst diet 
quality) of each dietary score as the reference category 
and compared the risk of UGI cancers across the other 
quartiles. For the latter analysis, we also calculated the 
P values for trend by assigning consecutive integers to 
consecutive quartiles.

Sensitivity analyses were performed after dropping 
the first two years of follow-up and after excluding 
cancer cases who did not have histologic confirmation. 
Furthermore, for better interpretation, we stratified the 
analysis by sex (male/female), wealth score (lower/higher 
than median), and BMI ( ≤ 25/ > 25). The Stata statistical 
software version 16 (StataCorp., College Station, TX, 
USA) was used for all statistical analyses. All reported P 
values were two-tailed, and P < 0.05 was considered as 
statistically significant.

Results
Baseline Demographics & Dietary Patterns
A total of 50 045 individuals were recruited to the GCS, of 
whom 1562 were excluded because of having reported a 
diagnosis of GI cancers at enrolment (n = 29), having ≥ 30 
missing responses on the baseline FFQ (n = 996); and 
having a calculated energy intake of more than twice 
the interquartile range above the 75th percentile (3690 
kcal/d for women and 4145 kcal/d for men) or less than 
twice the interquartile range below the 25th percentile of 
energy intake (300 kcal/d for women and 525 kcal/d for 
men) (n = 537). The remaining 48,483 participants were 
included in this analysis.

The median follow-up time was 12.0 years (interquartile 
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range: 11.1–13.2 years). At follow-up, 359 participants 
were diagnosed with esophageal cancer and 358 were 
diagnosed with stomach cancer. Of the total UGI cancer 
cases, 587 (82%) had histological confirmation and the 
remaining 130 (18%) were diagnosed by verbal autopsy 
and other medical records. Participants with better 
baseline diet (higher dietary scores) had higher BMI and 
wealth score; were more likely to be educated, to live in 
urban areas, and to drink alcohol; and were less likely to 
be Turkmen and use opium (Table 1).

We observed significant correlations between the 
assessed dietary scores (Table 2). DASH and AHEI scores 
had the highest correlation (r = 0.75), while WCRF-
AICR and AHEI had the lowest correlation (r = 0.37) 
(Table 2). Table 3 illustrates the median daily intake of 
selected dietary components among the study population. 
Participants in the highest quartiles of the dietary scores 
had higher daily intake of total energy, fruits, vegetables, 
dairy products, and white meat, and had a higher ratio 
for unsaturated/saturated fatty acid intake. Daily intakes 
of grains and red meat were not consistent across the 
quartiles of the assessed scores, and processed meat was 
rarely consumed in this population (Table 3).

Adherence to Dietary Scores and Risk of Esophageal 
Cancer
Among the assessed dietary scores, AMED showed 
stronger association with esophageal cancer. Participants 
with the highest vs. lowest AMED score had 31% lower 
risk for developing esophageal cancer (HRQ4-vs-Q1 = 0.69, 
95% CI = 0.49–0.98, Ptrend = 0.038) (Table 4). Each 
increment in the SD of the AMED score was associated 
with 12% reduced risk for esophageal cancer (Figure 1). 
The observed estimates for AMED and esophageal cancer 
risk were attenuated in some of the sensitivity and 
stratified analyses. However, the trends and point 
estimates were comparable across males and females 
(Table S3), participants with lower and higher wealth 
scores (Table S4), and participant with BMI ≤ 25 and > 25 
(Table S5). Further, the results remained similar after 
excluding cancer cases without histologic confirmation 
(Table S6), and after dropping the first two years of 
follow-up (Tables S7).

Adherence to Dietary Scores and Risk of Stomach Cancer
Among the assessed dietary scores, WCRF-AICR showed 
the strongest and most consistent association with 
stomach cancer. Also, better adherence to DASH dietary 
patterns was associated with lower risk for stomach cancer. 
Participants with the highest vs. lowest WCRF-AICR score 
had 42% lower risk (HRQ4-vs-Q1 = 0.58, 95% CI = 0.41–0.83, 
Ptrend = 0.004), and those with the highest vs. lowest DASH 
score had 28% lower risk (HRQ4-vs-Q1 = 0.72, 95% CI = 0.54–
0.96, Ptrend = 0.041) for developing stomach cancer (Table 
4). Each increment in the SD of the WCRF-AICR score 
was associated with 17% reduced risk for stomach cancer 
(Figure 1). The observed estimates were comparable 

across males and females (Table S3), participants with 
lower and higher wealth scores (Table S4), and participant 
with BMI ≤ 25 and > 25 (Table S5). The results remained 
similar after excluding cancer cases without histologic 
confirmation (Table S6), and after dropping the first two 
years of follow-up (Tables S7).

Discussion
Analyzing data from over 48 000 participants of the GCS 
who were followed for a median of 12 years showed an 
inverse association between baseline diet quality and 
subsequent risk of UGI cancers. Although the patterns 
and amount of consuming different dietary groups in 
this population varied from those reported in Western 
populations where dietary scores were derived,35-37 better 
adherence to AMED, WCRF-AICR, and DASH dietary 
recommendations was associated with lower risk for 
developing esophageal and gastric cancers in this high-
risk population. HEI and AHEI scores did not show 
strong associations with UGI cancers in this population.

Northeastern Iran has long been known for having 
one of the highest reported rates for esophageal cancer 
worldwide.38 Decades of epidemiologic research in 
this area and other high-risk regions have indicated 
that poor diet may play a role in the etiology of this 
disease.11–14,38,39 However, rather than assessing the overall 
diet quality, most of these studies focused on the intake 
of specific dietary factors, nutrients, and food groups. 
Two interventional studies in a high-risk region of China 
assessed the effects of multivitamin and micronutrient 
supplementation in the prevention of esophageal cancer 
in patients with esophageal squamous dysplasia,40 and in 
the general population.41 The results of these two studies 
showed no to minimum benefit for these interventions 
in terms of reducing esophageal cancer risk.42,43 A meta-
analysis of interventional trials also indicated no effects 
for vitamin and antioxidant supplements in preventing 
esophageal cancer.44 These results and the fact that 
different dietary factors are consumed in combination, 
and they usually correlate and interact one with another, 
highlight the need to consider the overall diet quality in 
assessing the relationship between diet and risk of UGI 
cancers.

In this high-risk population, we utilized five dietary 
scores to assess the overall diet quality and risk of 
esophageal and stomach cancers. We found an inverse 
association between esophageal cancer and adherence to 
AMED dietary pattern. Adherence to the Mediterranean 
diet that has a plant-based food foundation has been 
frequently shown to be associated with reduced risk 
for esophageal cancer (particularly the squamous cell 
carcinoma subtype (ESCC)) in HICs.7,8,45 On the other 
hand, greater adherence to the WCRF-AICR dietary 
recommendation in this population was associated with 
lower risk for stomach cancer, which was similar to the 
results from three cohort studies in Europe.33,46 We also 
found greater adherence to DASH dietary pattern to be 
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associated with lower risk for developing stomach cancer. 
Greater adherence to DASH dietary pattern in this 
population has been also linked to lower risk of cancer 
death,9 and lower risk of death from gastrointestinal 
cancers.47 Similarly, a recent case-control study from Iran 
48, a meta-analysis of case-control and cohort studies in 
the United States and Canada,49 and a Markov cohort 
model study from the United States,50 showed a lower 
risk for stomach cancer with greater adherence to DASH 
dietary pattern.

We did not find strong associations between adherence 
to HEI and AHEI dietary recommendations and risk of 
UGI cancers in this population. This might be due to 
using absolute cutoffs for assigning values for consuming 
dietary components in these indices, which were derived 
from dietary guidelines for the Americans.28,29 Our 
results showed that the dietary pattern in this population 
is largely different from high-income countries. For 
example, in comparison to the EPIC study that includes 
general populations from 10 European countries,35–37 
the Golestan population had higher intake of grains and 
lower intake of red and processed meat, alcohol, dairy 
products, fruits, vegetables, and unsaturated lipids. These 
differences are reflected in the median values of HEI 
and AHEI scores in this population (HEI:34 and AHEI: 
40) which were lower than the values reported in the 
United States (HEI ≈ 59 and AHEI ≈ 64), and Europe 
(HEI ≈ 50–64 across different countries).51–55 However, 
the median values of AMED and DASH scores in this 
population were comparable to those from high-income 
countries.51–53,55 These results might indicate dietary 
indices that use population ranking rather than absolute 
cutoffs for assigning values for consumption of dietary 
components might be more applicable to LMICs and 
could provide for better estimation of individual diet 
quality and its association with different health outcomes 
in the developing regions. Our previous studies that 
assessed the association of diet with risk of all-cause and 
cause-specific mortality,9 and lung cancer incidence also 
showed more consistent results for ranking-based scores 
(DAHS and AMED) compared to cutoff-based scores 
(HEI and AHEI). 

While AMED, DASH, and WCRF-AICR scores 
showed more consistent associations with UGI cancers 

Table 2. Pearson’s Correlation Coefficients for the Correlation between the 
Assessed Dietary Scores

HEI AHEI AMED DASH WCRF-AICR

HEI 1

AHEI 0.68 1

AMED 0.54 0.62 1

DASH 0.57 0.75 0.56 1

WCRF-AICR 0.40 0.37 0.54 0.43 1

HEI, Healthy Eating Index 2015; AHEI, Alternative Healthy Eating Index 
2010; AMED, Alternate Mediterranean Diet; DASH, Dietary Approaches to 
Stop Hypertension; WCRF/AICR, World Cancer Research Fund/American 
Institute for Cancer Research index.
P values for all correlations were < 0.001.
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Diet quality and digestive cancers

Table 4. Association between Different Dietary Scores and Incidence of Upper Gastrointestinal Cancers in the Golestan Cohort Study 

Q1 Q2 Q3 Q4 Trend P Value

Esophageal Cancer (n = 359)

HEI

No. of participants 13,279 12,032 11,681 11,491 -

HR (95% CI)a 1.00 0.86 (0.65–1.13) 0.88 (0.66–1.17) 0.91 (0.66–1.24) 0.48

AHEI

No. of participants 12,644 12,247 12,323 11,269 -

HR (95% CI)a 1.00 0.91 (0.69–1.19) 0.76 (0.56–1.01) 0.92 (0.67–1.25) 0.27

AMED

No. of participants 13,480 11,151 10,636 13,216 -

HR (95% CI)a 1.00 0.71 (0.54–0.94) 0.81 (0.60–1.09) 0.69 (0.49–0.98) 0.038

DASH

No. of participants 11,609 10,303 10,693 15,851 -

HR (95% CI)a 1.00 0.88 (0.66–1.18) 0.76 (0.56–1.03) 0.84 (0.63–1.11) 0.16

WCRF-AICR

No. of participants 13,939 12,007 10,226 12,311 -

HR (95% CI)a 1.00 1.08 (0.82–1.42) 0.93 (0.67–1.30) 0.99 (0.70–1.40) 0.82

Stomach Cancer (n = 358)

HEI

No. of participants 13,279 12,032 11,681 11,491 -

HR (95% CI)a 1.00 0.81 (0.60–1.08) 0.99 (0.75–1.30) 0.90 (0.66–1.24) 0.77

AHEI

No. of participants 12,644 12,247 12,323 11,269 -

HR (95% CI)a 1.00 0.89 (0.67–1.18) 0.94 (0.71–1.25) 0.81 (0.59–1.11) 0.28

AMED

No. of participants 13,480 11,151 10,636 13,216 -

HR (95% CI)a 1.00 0.83 (0.63–1.11) 0.89 (0.65–1.20) 0.91 (0.65–1.25) 0.55

DASH

N of participants 11,609 10,303 10,693 15,851 -

HR (95% CI)a 1.00 0.81 (0.60–1.08) 0.84 (0.63–1.13) 0.72 (0.54–0.96) 0.041

WCRF-AICR

No. of participants 13,939 12,007 10,226 12,311 -

HR (95% CI)a 1.00 0.83 (0.63–1.10) 0.76 (0.56–1.05) 0.58 (0.41–0.83) 0.004

HEI, Healthy Eating Index 2015; AHEI, Alternative Healthy Eating Index 2010; AMED, Alternate Mediterranean Diet; DASH, Dietary Approaches to Stop 
Hypertension; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research index
a Models are adjusted for sex, residence district, socioeconomic status, ethnicity, education, BMI, physical activity level, cumulative cigarettes smoked, cumulative 
opium consumed, alcohol consumption, and energy intake.

in this population, these associations varied by cancer 
type. These variations could be due to the differences in 
components and weight of individual dietary factors in 
each score. For example, AMED assigns values of 0 and 
1 for each component based on its consumption amount 
being below or above the median value for the population, 
and it does not consider the intake of salt, sugar, and dairy 
products; DASH assigns 0 to 5 values for each component 
based on its consumption amount being within the 
quantiles of consumption in the population, and it does 
not consider fatty acids, alcohol, or fibers; WCRF-AICR 
assigns values of 0 and 1 for each component based on 
specific cutoffs that were created based on cancer studies 
in different populations and is the only score that includes 

energy density and fiber components. Current evidence 
indicates that the effects of different dietary components 
on cancers along the GI tract might vary based on site and 
even histology of GI cancers.8

The main strengths of this study are its large sample 
size, long follow-up duration with minimum loss ( < 1%), 
and using validated baseline questionnaires for the 
assessment of diet and other exposures. One limitation in 
this study is using self-reported FFQ data only at baseline 
to classify the main exposure which might have resulted 
in misclassifications of people due to inaccurate responses 
and the possibility of changing dietary behavior during the 
follow-up. However, the prospective nature of this study 
and the good validity and reliability of the questionnaires, 
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that was evident during a 12-month period of repeated 
testing, are likely to have minimized the possibility of 
misclassifications of exposure. Like any observational 
studies, residual confounding, particularly related to 
healthier lifestyle in those with healthier diets, remains 
a concern. However, we tried to address this potential 
bias by tight adjustments for potential confounders and 
performing various stratified analyses. Reverse causality is 
another potential bias that we tried to address by repeating 
the analysis after dropping the first two years of follow-up 
that showed results comparable to the main analysis.

Authors’ Contribution
Conceptualization: Paul Brennan, Sanford M. Dawsey, Farin 
Kamangar, Paolo Boffetta, Christian C. Abnet, Reza Malekzadeh, 
Majid Namaki, Maryam Hashemian, Abbas Arj, Sadaf G. Sepanlou, 
Mahdi Sheikh.
Data curation: Maryam Hashemian, Hossein Poustchi, Gholamreza 
Roshandel, Sadaf G. Sepanlou, Akram Pourshams, Masoud 
Khoshnia, Abdolsamad Gharavi, Nafiseh Abdolahi, Sima Besharat, 
Azita Hekmatdoost, Mahdi Sheikh.
Formal analysis: Majid Namaki, Amir Hossein Loghman, Mahdi 
Sheikh.
Funding acquisition: Reza Malekzadeh, Mahdi Sheikh.
Investigation: Majid Namaki, Maryam Hashemian, Reza 
Malekzadeh, Mahdi Sheikh.
Methodology: Majid Namaki, Maryam Hashemian, Sadaf G. 
Sepanlou, Mahdi Sheikh.
Project administration: Hossein Poustchi, Majid Namaki, Mahdi 
Sheikh.
Resources: Abbas Arj, Hossein Poustchi, Gholamreza Roshandel, 
Nafiseh Abdolahi, Sima Besharat, Mahdi Sheikh.
Software: Majid Namaki, Sadaf G. Sepanlou, Mahdi Sheikh.
Supervision: Reza Malekzadeh, Mahdi Sheikh.
Validation: Maryam Hashemian, Mahdi Sheikh.
Visualization: Majid Namaki, Maryam Hashemian, Mahdi Sheikh.
Writing–original draft: Majid Namaki, Maryam Hashemian, Mahdi 
Sheikh.
Writing–review & editing: All authors.

Competing Interests
None to be declared.

Disclaimer
Where authors are identified as personnel of the International 
Agency for Research on Cancer/World Health Organization, the 
authors alone are responsible for the views expressed in this article 
and they do not necessarily represent the decisions, policy or views 
of the International Agency for Research on Cancer/World Health 
Organization.

Ethical Approval
All participants provided a written informed consent before 
enrollment in the study. This study was approved by the institutional 
review boards of the Digestive Disease Research Institute of Tehran 
University of Medical Sciences, the International Agency for 
Research on Cancer, and the US National Cancer Institute.

Funding
The Golestan Cohort Study was funded by the Tehran University 
of Medical Sciences, Cancer Research UK, U.S. National Cancer 
Institute, and the International Agency for Research on Cancer. No 
specific funding was acquired for this analysis.

Supplementary Files
Supplementary file 1 contains File S1 and Tables S1-S7.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 

I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin. 2021;71(3):209-49. doi: 
10.3322/caac.21660.

2. Li M, Park JY, Sheikh M, Kayamba V, Rumgay H, Jenab M, et 
al. Population-based investigation of common and deviating 
patterns of gastric cancer and oesophageal cancer incidence 
across populations and time. Gut. 2023;72(5):846-54. doi: 
10.1136/gutjnl-2022-328233.

3. Tran KB, Lang JJ, Compton K, Xu R, Acheson AR, Henrikson 
HJ, et al. The global burden of cancer attributable to risk 
factors, 2010-19: a systematic analysis for the Global Burden 
of Disease Study 2019. Lancet. 2022;400(10352):563-91. doi: 
10.1016/s0140-6736(22)01438-6.

4. World Cancer Research Fund International (WCRF 
International). Diet, Nutrition, Physical Activity and Cancer: 
A Global Perspective: A Summary of the Third Expert Report. 
WCRF International; 2018.

5. World Health Organization (WHO). Healthy Diet [Internet]. 

Figure 1. Association between Each Increment in the Standard Deviation (SD) of the Dietary Scores and Risk of Esophageal and Stomach Cancer. The five 
assessed scores are Healthy Eating Index 2015 (HEI); Alternative Healthy Eating Index 2010 (AHEI); Alternate Mediterranean Diet (AMED); Dietary Approaches 
to Stop Hypertension (DASH); and World Cancer Research Fund/American Institute for Cancer Research index (WCRF/AICR).

https://doi.org/10.3322/caac.21660
https://doi.org/10.1136/gutjnl-2022-328233
https://doi.org/10.1016/s0140-6736(22)01438-6


                                                                                                           Arch Iran Med, Volume 26, Issue 9, September 2023 497

Diet quality and digestive cancers

Available from: https://www.who.int/news-room/fact-sheets/
detail/healthy-diet. Accessed December 27, 2021.

6. Mozaffarian D, Angell SY, Lang T, Rivera JA. Role of 
government policy in nutrition-barriers to and opportunities 
for healthier eating. BMJ. 2018;361:k2426. doi: 10.1136/bmj.
k2426.

7. Moazzen S, van der Sloot KWJ, Vonk RJ, de Bock GH, Alizadeh 
BZ. Diet quality and upper gastrointestinal cancers risk: a 
meta-analysis and critical assessment of evidence quality. 
Nutrients. 2020;12(6):1863. doi: 10.3390/nu12061863.

8. Abnet CC, Corley DA, Freedman ND, Kamangar F. Diet 
and upper gastrointestinal malignancies. Gastroenterology. 
2015;148(6):1234-43.e4. doi: 10.1053/j.gastro.2015.02.007.

9. Hashemian M, Farvid MS, Poustchi H, Murphy G, Etemadi A, 
Hekmatdoost A, et al. The application of six dietary scores to a 
Middle Eastern population: a comparative analysis of mortality 
in a prospective study. Eur J Epidemiol. 2019;34(4):371-82. 
doi: 10.1007/s10654-019-00508-3.

10. Mozaffarian D, Rosenberg I, Uauy R. History of modern 
nutrition science-implications for current research, dietary 
guidelines, and food policy. BMJ. 2018;361:k2392. doi: 
10.1136/bmj.k2392.

11. Kamangar F, Malekzadeh R, Dawsey SM, Saidi F. Esophageal 
cancer in Northeastern Iran: a review. Arch Iran Med. 
2007;10(1):70-82.

12. Ghadirian P. Food habits of the people of the Caspian littoral of 
Iran in relation to esophageal cancer. Nutr Cancer. 1987;9(2-
3):147-57. doi: 10.1080/01635588709513922.

13. Hashemian M, Poustchi H, Abnet CC, Boffetta P, Dawsey 
SM, Brennan PJ, et al. Dietary intake of minerals and risk 
of esophageal squamous cell carcinoma: results from the 
Golestan Cohort Study. Am J Clin Nutr. 2015;102(1):102-8. 
doi: 10.3945/ajcn.115.107847.

14. Sheikh M, Poustchi H, Pourshams A, Etemadi A, Islami 
F, Khoshnia M, et al. Individual and combined effects of 
environmental risk factors for esophageal cancer based on 
results from the Golestan Cohort Study. Gastroenterology. 
2019;156(5):1416-27. doi: 10.1053/j.gastro.2018.12.024.

15. Hashemian M, Murphy G, Etemadi A, Poustchi H, Brockman 
JD, Kamangar F, et al. Toenail mineral concentration and 
risk of esophageal squamous cell carcinoma, results from the 
Golestan Cohort Study. Cancer Med. 2017;6(12):3052-9. doi: 
10.1002/cam4.1247.

16. Hashemian M, Murphy G, Etemadi A, Poustchi H, Sharafkhah 
M, Kamangar F, et al. Nut consumption and the risk of 
oesophageal squamous cell carcinoma in the Golestan 
Cohort Study. Br J Cancer. 2018;119(2):176-81. doi: 10.1038/
s41416-018-0148-0.

17. Collatuzzo G, Etemadi A, Sotoudeh M, Nikmanesh A, 
Poustchi H, Khoshnia M, et al. Meat consumption and risk 
of esophageal and gastric cancer in the Golestan Cohort 
Study, Iran. Int J Cancer. 2022;151(7):1005-12. doi: 10.1002/
ijc.34056.

18. Etemadi A, Buller ID, Hashemian M, Roshandel G, Poustchi 
H, Espinosa MM, et al. Urinary nitrate and sodium in a high-
risk area for upper gastrointestinal cancers: Golestan Cohort 
Study☆. Environ Res. 2022;214(Pt 2):113906. doi: 10.1016/j.
envres.2022.113906.

19. Farvid MS, Fazeltabar Malekshah A, Pourshams A, Poustchi 
H, Ghajarieh Sepanlou S, Sharafkhah M, et al. Dietary protein 
sources and all-cause and cause-specific mortality: the 
Golestan Cohort Study in Iran. Am J Prev Med. 2017;52(2):237-
48. doi: 10.1016/j.amepre.2016.10.041.

20. Pourshams A, Saadatian-Elahi M, Nouraie M, Fazeltabar 
Malekshah A, Rakhshani N, Salahi R, et al. Golestan Cohort 
Study of oesophageal cancer: feasibility and first results. Br J 
Cancer. 2005;92(1):176-81. doi: 10.1038/sj.bjc.6602249.

21. Pourshams A, Khademi H, Fazeltabar Malekshah A, Islami 

F, Nouraei M, Sadjadi AR, et al. Cohort profile: the Golestan 
Cohort Study--a prospective study of oesophageal cancer in 
northern Iran. Int J Epidemiol. 2010;39(1):52-9. doi: 10.1093/
ije/dyp161.

22. Fazeltabar Malekshah A, Kimiagar M, Saadatian-Elahi M, 
Pourshams A, Nouraie M, Goglani G, et al. Validity and 
reliability of a new food frequency questionnaire compared 
to 24 h recalls and biochemical measurements: pilot phase of 
Golestan Cohort Study of esophageal cancer. Eur J Clin Nutr. 
2006;60(8):971-7. doi: 10.1038/sj.ejcn.1602407.

23. Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, 
Sotoudeh M, Abedi-Ardekani B, et al. Socio-economic 
status and oesophageal cancer: results from a population-
based case-control study in a high-risk area. Int J Epidemiol. 
2009;38(4):978-88. doi: 10.1093/ije/dyp195.

24. Golozar A, Khademi H, Kamangar F, Poutschi H, Islami F, 
Abnet CC, et al. Diabetes mellitus and its correlates in an 
Iranian adult population. PLoS One. 2011;6(10):e26725. doi: 
10.1371/journal.pone.0026725.

25. Azar M, Sarkisian E. Food Composition Table of Iran. Tehran, 
Iran: National Nutrition and Food Research Institute; 1980. 
Available from: https://www.semanticscholar.org/paper/Food-
Composition-Table-of-Iran.-Tehran%2C-Iran%3A-and-Azar-
Sarkisian/711ef8943362ba6afa12c5915957b5cf638c3ddc.

26. U.S. Department of Agriculture, Agricultural Research 
Service, USDA Nutrient Data Laboratory. USDA National 
Nutrient Database for Standard Reference, Release 23 
[Internet]. Available from: https://www.ars.usda.gov/
arsuserfiles/80400525/data/sr23/sr23_doc.pdf.

27. Bowman SA, Clemens JC, Friday JE, Lynch KL, Moshfegh AJ. 
Food Patterns Equivalents Database 2013-14: Methodology 
and User Guide. Food Surveys Research Group, Beltsville 
Human Nutrition Research Center, Agricultural Research 
Service, U.S. Department of Agriculture, Beltsville, Maryland 
[Internet]. 2019. Available from: http://www.ars.usda.gov/
nea/bhnrc/fsrg. National Cancer Institute; National Institutes of 
Health. Dietary Patterns Methods Project [Internet]. Available 
from: https://epi.grants.cancer.gov/hei/hei-2015-table1.html.

28. McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, 
Rimm EB, Hu FB, et al. Diet quality and major chronic disease 
risk in men and women: moving toward improved dietary 
guidance. Am J Clin Nutr. 2002;76(6):1261-71. doi: 10.1093/
ajcn/76.6.1261.

29. Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, 
Rifai N, et al. Diet-quality scores and plasma concentrations 
of markers of inflammation and endothelial dysfunction. Am 
J Clin Nutr. 2005;82(1):163-73. doi: 10.1093/ajcn.82.1.163.

30. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino 
G, Hu FB. Adherence to a DASH-style diet and risk of 
coronary heart disease and stroke in women. Arch Intern Med. 
2008;168(7):713-20. doi: 10.1001/archinte.168.7.713.

31. Muller DC, Murphy N, Johansson M, Ferrari P, Tsilidis KK, 
Boutron-Ruault MC, et al. Modifiable causes of premature 
death in middle-age in Western Europe: results from the EPIC 
cohort study. BMC Med. 2016;14:87. doi: 10.1186/s12916-
016-0630-6.

32. Romaguera D, Vergnaud AC, Peeters PH, van Gils CH, 
Chan DS, Ferrari P, et al. Is concordance with World Cancer 
Research Fund/American Institute for Cancer Research 
guidelines for cancer prevention related to subsequent risk 
of cancer? Results from the EPIC study. Am J Clin Nutr. 
2012;96(1):150-63. doi: 10.3945/ajcn.111.031674.

33. World Health Organization (WHO). International 
Classification of Diseases, 10th Revision (ICD-10) [Internet]. 
WHO. Available from: https://icd.who.int/browse10/2016/en. 
Accessed August 9, 2018.

34. Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen 
MU, Egeberg R, Tjønneland A, et al. Meat consumption and 

https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1136/bmj.k2426
https://doi.org/10.1136/bmj.k2426
https://doi.org/10.3390/nu12061863
https://doi.org/10.1053/j.gastro.2015.02.007
https://doi.org/10.1007/s10654-019-00508-3
https://doi.org/10.1136/bmj.k2392
https://doi.org/10.1080/01635588709513922
https://doi.org/10.3945/ajcn.115.107847
https://doi.org/10.1053/j.gastro.2018.12.024
https://doi.org/10.1002/cam4.1247
https://doi.org/10.1038/s41416-018-0148-0
https://doi.org/10.1038/s41416-018-0148-0
https://doi.org/10.1002/ijc.34056
https://doi.org/10.1002/ijc.34056
https://doi.org/10.1016/j.envres.2022.113906
https://doi.org/10.1016/j.envres.2022.113906
https://doi.org/10.1016/j.amepre.2016.10.041
https://doi.org/10.1038/sj.bjc.6602249
https://doi.org/10.1093/ije/dyp161
https://doi.org/10.1093/ije/dyp161
https://doi.org/10.1038/sj.ejcn.1602407
https://doi.org/10.1093/ije/dyp195
https://doi.org/10.1371/journal.pone.0026725
https://www.semanticscholar.org/paper/Food-Composition-Table-of-Iran.-Tehran%2C-Iran%3A-and-Azar-Sarkisian/711ef8943362ba6afa12c5915957b5cf638c3ddc
https://www.semanticscholar.org/paper/Food-Composition-Table-of-Iran.-Tehran%2C-Iran%3A-and-Azar-Sarkisian/711ef8943362ba6afa12c5915957b5cf638c3ddc
https://www.semanticscholar.org/paper/Food-Composition-Table-of-Iran.-Tehran%2C-Iran%3A-and-Azar-Sarkisian/711ef8943362ba6afa12c5915957b5cf638c3ddc
https://www.ars.usda.gov/arsuserfiles/80400525/data/sr23/sr23_doc.pdf
https://www.ars.usda.gov/arsuserfiles/80400525/data/sr23/sr23_doc.pdf
http://www.ars.usda.gov/nea/bhnrc/fsrg
http://www.ars.usda.gov/nea/bhnrc/fsrg
https://epi.grants.cancer.gov/hei/hei-2015-table1.html
https://doi.org/10.1093/ajcn/76.6.1261
https://doi.org/10.1093/ajcn/76.6.1261
https://doi.org/10.1093/ajcn.82.1.163
https://doi.org/10.1001/archinte.168.7.713
https://doi.org/10.1186/s12916-016-0630-6
https://doi.org/10.1186/s12916-016-0630-6
https://doi.org/10.3945/ajcn.111.031674
https://icd.who.int/browse10/2016/en


Arch Iran Med, Volume 26, Issue 9, September 2023                                                        498

Namaki et al

mortality--results from the European Prospective Investigation 
into Cancer and Nutrition. BMC Med. 2013;11:63. doi: 
10.1186/1741-7015-11-63.

35. Yu EYW, Wesselius A, Mehrkanoon S, Brinkman M, van den 
Brandt P, White E, et al. Grain and dietary fiber intake and 
bladder cancer risk: a pooled analysis of prospective cohort 
studies. Am J Clin Nutr. 2020;112(5):1252-66. doi: 10.1093/
ajcn/nqaa215.

36. Couto E, Boffetta P, Lagiou P, Ferrari P, Buckland G, Overvad 
K, et al. Mediterranean dietary pattern and cancer risk in the 
EPIC cohort. Br J Cancer. 2011;104(9):1493-9. doi: 10.1038/
bjc.2011.106.

37. Kmet J, Mahboubi E. Esophageal cancer in the Caspian littoral 
of Iran: initial studies. Science. 1972;175(4024):846-53. doi: 
10.1126/science.175.4024.846.

38. Yang CS, Sun Y, Yang QU, Miller KW, Li GY, Zheng SF, et al. 
Vitamin A and other deficiencies in Linxian, a high esophageal 
cancer incidence area in northern China. J Natl Cancer Inst. 
1984;73(6):1449-53.

39. Li JY, Taylor PR, Li B, Dawsey S, Wang GQ, Ershow AG, et 
al. Nutrition intervention trials in Linxian, China: multiple 
vitamin/mineral supplementation, cancer incidence, and 
disease-specific mortality among adults with esophageal 
dysplasia. J Natl Cancer Inst. 1993;85(18):1492-8. doi: 
10.1093/jnci/85.18.1492.

40. Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang 
GQ, et al. Nutrition intervention trials in Linxian, China: 
supplementation with specific vitamin/mineral combinations, 
cancer incidence, and disease-specific mortality in the general 
population. J Natl Cancer Inst. 1993;85(18):1483-92. doi: 
10.1093/jnci/85.18.1483.

41. Qiao YL, Dawsey SM, Kamangar F, Fan JH, Abnet CC, Sun 
XD, et al. Total and cancer mortality after supplementation 
with vitamins and minerals: follow-up of the Linxian General 
Population Nutrition Intervention Trial. J Natl Cancer Inst. 
2009;101(7):507-18. doi: 10.1093/jnci/djp037.

42. Wang SM, Taylor PR, Fan JH, Pfeiffer RM, Gail MH, Liang 
H, et al. Effects of nutrition intervention on total and cancer 
mortality: 25-year post-trial follow-up of the 5.25-year 
Linxian Nutrition Intervention Trial. J Natl Cancer Inst. 
2018;110(11):1229-38. doi: 10.1093/jnci/djy043.

43. Myung SK, Yang HJ. Efficacy of vitamin and antioxidant 
supplements in prevention of esophageal cancer: meta-
analysis of randomized controlled trials. J Cancer Prev. 
2013;18(2):135-43. doi: 10.15430/jcp.2013.18.2.135.

44. Jessri M, Rashidkhani B, Hajizadeh B, Jacques PF. 
Adherence to Mediterranean-style dietary pattern and risk 
of esophageal squamous cell carcinoma: a case-control 
study in Iran. J Am Coll Nutr. 2012;31(5):338-51. doi: 
10.1080/07315724.2012.10720437.

45. Lohse T, Faeh D, Bopp M, Rohrmann S. Adherence to the 
cancer prevention recommendations of the World Cancer 

Research Fund/American Institute for Cancer Research 
and mortality: a census-linked cohort. Am J Clin Nutr. 
2016;104(3):678-85. doi: 10.3945/ajcn.116.135020.

46. Mokhtari Z, Sharafkhah M, Poustchi H, Ghajarieh Sepanlou 
S, Khoshnia M, Gharavi A, et al. Adherence to the dietary 
approaches to stop hypertension (DASH) diet and risk of total 
and cause-specific mortality: results from the Golestan Cohort 
Study. Int J Epidemiol. 2019;48(6):1824-38. doi: 10.1093/ije/
dyz079.

47. Toorang F, Sasanfar B, Hadji M, Esmaillzadeh A, Zendehdel 
K. Adherence to “dietary approaches to stop hypertension” 
eating plan in relation to gastric cancer. Nutr J. 2020;19(1):40. 
doi: 10.1186/s12937-020-00560-w.

48. Mohseni R, Mohseni F, Alizadeh S, Abbasi S. The association 
of dietary approaches to stop hypertension (DASH) diet 
with the risk of colorectal cancer: a meta-analysis of 
observational studies. Nutr Cancer. 2020;72(5):778-90. doi: 
10.1080/01635581.2019.1651880.

49. Kim J, Oh A, Truong H, Laszkowska M, Camargo MC, Abrams 
J, et al. Low sodium diet for gastric cancer prevention in 
the United States: results of a Markov model. Cancer Med. 
2021;10(2):684-92. doi: 10.1002/cam4.3615.

50. Cespedes EM, Hu FB, Tinker L, Rosner B, Redline S, Garcia 
L, et al. Multiple healthful dietary patterns and type 2 
diabetes in the Women’s Health Initiative. Am J Epidemiol. 
2016;183(7):622-33. doi: 10.1093/aje/kwv241.

51. Dugué PA, Hodge AM, Brinkman MT, Bassett JK, Shivappa N, 
Hebert JR, et al. Association between selected dietary scores 
and the risk of urothelial cell carcinoma: a prospective cohort 
study. Int J Cancer. 2016;139(6):1251-60. doi: 10.1002/
ijc.30175.

52. Morze J, Danielewicz A, Hoffmann G, Schwingshackl L. Diet 
quality as assessed by the healthy eating index, alternate 
healthy eating index, dietary approaches to stop hypertension 
score, and health outcomes: a second update of a systematic 
review and meta-analysis of cohort studies. J Acad Nutr 
Diet. 2020;120(12):1998-2031.e15. doi: 10.1016/j.
jand.2020.08.076.

53. Healthy Eating Index (HEI). Food and Nutrition Service 
[Internet]. Available from: https://www.fns.usda.gov/healthy-
eating-index-hei. Accessed January 10, 2022.

54. Lassale C, Gunter MJ, Romaguera D, Peelen LM, Van 
der Schouw YT, Beulens JW, et al. Diet quality scores and 
prediction of all-cause, cardiovascular and cancer mortality in a 
pan-European cohort study. PLoS One. 2016;11(7):e0159025. 
doi: 10.1371/journal.pone.0159025. 

55. Wang Q, Hashemian M, Ghajarieh Sepanlou S, Sharafkhah 
M, Poustchi H, Khoshnia M, et al. Dietary quality using four 
dietary indices and lung cancer risk: the Golestan Cohort 
Study (GCS). Cancer Causes Control. 2021;32(5):493-503. 
doi: 10.1007/s10552-021-01400-w.

 2023 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.1186/1741-7015-11-63
https://doi.org/10.1093/ajcn/nqaa215
https://doi.org/10.1093/ajcn/nqaa215
https://doi.org/10.1038/bjc.2011.106
https://doi.org/10.1038/bjc.2011.106
https://doi.org/10.1126/science.175.4024.846
https://doi.org/10.1093/jnci/85.18.1492
https://doi.org/10.1093/jnci/85.18.1483
https://doi.org/10.1093/jnci/djp037
https://doi.org/10.1093/jnci/djy043
https://doi.org/10.15430/jcp.2013.18.2.135
https://doi.org/10.1080/07315724.2012.10720437
https://doi.org/10.3945/ajcn.116.135020
https://doi.org/10.1093/ije/dyz079
https://doi.org/10.1093/ije/dyz079
https://doi.org/10.1186/s12937-020-00560-w
https://doi.org/10.1080/01635581.2019.1651880
https://doi.org/10.1002/cam4.3615
https://doi.org/10.1093/aje/kwv241
https://doi.org/10.1002/ijc.30175
https://doi.org/10.1002/ijc.30175
https://doi.org/10.1016/j.jand.2020.08.076
https://doi.org/10.1016/j.jand.2020.08.076
https://www.fns.usda.gov/healthy-eating-index-hei
https://www.fns.usda.gov/healthy-eating-index-hei
https://doi.org/10.1371/journal.pone.0159025
https://doi.org/10.1007/s10552-021-01400-w

