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The prevalence of adolescent myopia is remarkably increasing. Previous studies have indicated that 
an unhealthy diet is a risk factor for myopia. However, the link between diet-related inflammation 
and myopia is unclear. To explore their correlation, we used dietary inflammation index (DII) that is a 
parameter to quantify the inflammatory potential of diet, to reveal the relationship between DII and 
myopia in adolescents. We extracted sociodemographic data, information of diets and eye refractive 
status of adolescents from National Health and Nutrition Examination Survey (NHANES) for period 
1999–2008. Dietary intake data was used to calculate DII scores, which were then categorized into 
quartiles. Multivariable regression models and subgroup analyses were conducted to investigate the 
association between DII and myopia. Subsequently, smoothed curve analyses were conducted to 
discern the trend of correlation between DII and myopia across diverse population. A total of 7191 
juveniles aged at 12 to 18 years with complete information were included in our study, consisting 
3367 participants with diagnosis of myopia. Among these participants, a trend towards an increasing 
prevalence of myopia was observed with a higher DII. After adjusting for all covariates, stratified 
logistic regression analyses showed that among the population aged in 16 to 18 years old or with 
9-11th grade educational level, the prevalence of myopia was significantly increased with higher DII 
score (OR = 1.06, 95% CI = 1.01, 1.11, P = 0.006; OR = 1.06, 95% CI = 1.01, 1.11, P = 0.010). In the 
two subgroups, participants in the highest quartile of DII had a 31.00% higher risk of myopia and a 
higher 27.00% risk of myopia respectively, compared to those in the lowest quartile of DII. Our results 
revealed an increasing trend in the prevalence of myopia with increased DII score in adolescents. 
Particularly, DII was positively associated with the risk of myopia among the population aged in 16 to 
18 years old and with 9-11th grade educational level.
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Myopia is a global health problem that bothers hundreds of thousands of people. The onset age of myopia 
tends to be younger in recent years, which is thought to be caused by some modifiable risk factors such as 
increased intensive education, increased near-work activities, excessive use of electronic products, and frequent 
consumption of sweets1. Currently, accumulating evidence supports that systemic inflammation plays an 
essential role in the pathogenesis and progression of myopia2,3. Elevated circulation levels of inflammatory 
biomarkers (e.g., interleukin (IL)-1β, tumor necrosis factor (TNF)-α) caused by abnormal immune activation 
contribute to myopia progression either directly or indirectly by inducing scleral remodeling3. Besides, some 
medications with anti-inflammatory potential can prevent myopia effectively. In Syrian hamsters with monocular 
form deprivation (MFD) eyes, myopia progression as well as expression levels of c-Fos, nuclear factor κB (NF-
κB), IL-6, and TNF-α were slowed by immunosuppressive agent cyclosporine A (CSA) application4. However, 
inflammatory stimulators lipopolysaccharide (LPS) or peptidoglycan (PGN) administration led to opposite 
result4. These findings support that chronic low-grade inflammation is a key feature of myopia.
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In addition, considerable attentions have been paid to the player of diet in systemic inflammation, and most 
non-communicable diseases5,6. Unhealthy food patterns such as a higher intake of high-sugar products can 
aggravate chronic inflammation7 and contribute to the development of myopia8. Adherence to a healthy diet 
has been confirmed to be favorable for lowering systemic inflammation9 and offers a valuable intervention 
to compete against myopia progression10. To quantify the pro-inflammatory or anti-inflammatory capacities 
of more comprehensive diet accurately rather than a single-nutrient, dietary inflammatory index (DII) was 
proposed based on the summary of published literatures by Shivappa et al. in 201411. It has been reported to 
be associated with increasing circulating inflammatory biomarkers, including IL-1β, IL-4, IL-6, IL-10, TNF-α, 
and C-reactive protein (CRP)12. Many researchers have widely applied DII to evaluate the roles of diet-induced 
inflammation in the development of various systemic diseases, which contain cardiovascular disease, diabetes, 
obesity13. Nevertheless, the association between DII and myopia remains unclear.

In this case, we intended to explore whether the inflammatory degree of diet, measured via DII, was linked to 
the risk of myopia from the National Health and Nutrition Examination Surveys (NHANES), a cross-sectional 
study launched by National Center for Disease Control and Prevention (CDC) in the United States at two-year 
intervals14. The present study was performed on participants from 12 to 18 years old, because non-cycloplegic 
refraction examination data of individuals older than 12 years old was collected in NHANES during 1999 
to 2008, and myopia was prevalent during childhood and adolescent. It was hoped to provide evidence for 
developing appropriate dietary guidance to prevent myopia in adolescents.

Materials and methods
Study population
The NHANES is an ongoing cross-population-based survey to collect a plethora of information on the nutrition 
and health of the US population. Five cycles of data from 1999 to 2008 in the NHANES database were combined 
in this study, based on the availability of both refraction exanimation and dietary data. Participants who met 
the following exclusion criteria were included: (1) without complete data on refraction examination; (2) missing 
or without dietary data; (3) received refractive or cataract survey; (4) hyperopia that was defined as refractive 
error > 0.5 diopter (D) in any eye; (5) aged < 12 years or > 18 years; (6) missing demographic data, BMI data, 
education data and PIR data. Finally, the research comprised 7191 participants. The selection process is depicted 
in Fig. 1.

Assessment of myopia
All subjects aged ≥ 12 years were eligible to undergo objectively refractive measurements using an autorefractor/
keratometry (Nidek ARK-760 A, Nidek Co. Ltd., Gamagori, Japan) in the non-cycloplegic conditions15,16. Average 
of three consecutive measurements were recorded for each eye. The spherical equivalent (SE) was calculated as 
sum of spherical error and half of cylindrical error. Because the two eyes of individuals were correlated, only 
the right eye of each participant was used for analyses15,16. Then, myopia was defined as SE value ≤ -0.5 diopters 
(D)17,18. Emmetropia was defined as the SE value between -0.5 D and 0.5 D, while hyperopia was defined as a 
refractive error > 0.5 D17,18.

Assessment of dietary inflammation index
Dietary intake data of NHANES participants were captured from the 24-hour dietary recall interview. To assess 
overall dietary inflammation, the dietary inflammation index (DII) was calculated. A total of 45 components were 
considered, and each parameter was assigned a specific DII score depending on their effects on six inflammatory 
biomarkers (IL-1β, IL-4, IL-6, IL-10, TNF-α, CRP). In present study, 26 nutrients out of 45 food parameters were 
used, including energy, protein, carbohydrate, dietary fiber, total fat, saturated fat, monounsaturated fatty acids, 
polyunsaturated fatty acids (PUFAs), cholesterol, vitamin A, β-carotene, vitamin B1, vitamin B2, niacin, vitamin 
B6, total folate, vitamin B12, vitamin C, vitamin D, vitamin E, iron, magnesium, zinc, selenium, caffeine, and 
alcohol. To evaluate the inflammatory potentials of each participant, firstly, we subtracted global standard mean 
from estimated intake of the individual, and then divided by the standard deviation. Secondly, Z-score value of 
each food parameter was measured and converted to centered proportions. Thirdly, each centered percentile 
was multiplied by the corresponding inflammatory effect index. Finally, the final score was summed for each 
participant. A positive DII score represents pro-inflammatory potential, while a negative DII score indicates an 
anti-inflammatory effect.

Assessment of covariates
To assess the influence of potential confounding factors, age, race, gender, education attainment, body mass 
index (BMI), and poverty income ratio (PIR) were taken into account. Majority of myopia appears during 
childhood and stabilizes by the age of 18 years19,20. Since visual acuity data of individuals aged 12 years or older 
were collected during NHANES21, it was not able to determine the relationship between DII and myopia in the 
children’s group. Therefore, we enrolled people aged 12–18 years, which seemed to be adequate. Furthermore, 
myopia in adolescents or young adults can be divided into early and late myopia using the age of 15 years 
as a cut-off point22,23. Then, all subjects were grouped into low age (12 to 15 years) and high age (16 to 18 
years) groups. Race were divided into five categories: non-Hispanic white, non-Hispanic black, other Hispanic, 
Mexican-American and other ethnicities. The levels of education were designated as < 9th grade, 9-11th grade, 
high school grade, some college or above24. Three categories of PIR were identified: ≤ 1.3, 1.3–3.5, and > 3.5 25. 
BMI levels were classified as < 25 kg/m2, 25 to 30 kg/m2 or > 30 kg/m2 26.
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Statistical analysis
Continuous variables were expressed as means with standard deviations (SDs), and categorical variables as 
frequencies and percentages based on the presence of myopia. To detect differences in baseline characteristics 
between myopia and non-myopia participants, variables were compared using Student’s t-test and chi-square 
test. DII scores were divided into quartiles from lowest (Q1) to highest (Q4), with the first quartile (Q1) being 
designated as the reference quartile. Multivariable logistic regression analyses were conducted to explore the risk 
of myopia with DII. The results were presented as odd ratios (OR) and 95% confidence intervals (95% CI). We 
estimated three models. Model 1 was a crude model adjusted for no covariate. Model 2 was a minimally adjusted 
model in which age and gender were first introduced (Model 2−1), and then age, gender, PIR, education level 
(Model 2–2). Model 3 was adjusted for age, PIR, education level, BMI, gender, race. Tests for trend were also 
performed with logistic regression. Additionally, subgroup analyses in terms of gender, age, race, education 
level, PIR, BMI were conducted to examine the presence of significant interactions of these covariates with 
the association between DII and myopia. Meanwhile, a smooth curve analysis was performed to elucidate the 
trend of the association between DII and myopia, where the DII score was treated as a continuous variable. 
DecisionLinnc software (https://fast.statsape.com) and GraphPad Prism were used for statistical analysis and 
figure design. Statistical significance was identified as a two-sided P < 0.05.

Results
Baseline characteristics of the study participants
The characteristics of participants are shown in Table 1. A total of 3624 (50.40%) of the participants were males, 
and the other 3567 (49.60%) were females. The prevalence of myopia among males and females were 45.08% 
(1634/3624) and 48.58% (1733/3567), respectively. A total of 2369 out of 7191 (32.94%) were Mexican American, 
370 (5.15%) were other Hispanic, and 1951 (27.13%) were non-Hispanic white, 2185 (30.39%) were non-Hispanic 
black, and 316 (4.39%) were other races. More than half of the participants were under 9th grade, while those 
who suffered from myopia accounted for 46.15% (1692/3666). People with higher education were more likely 
to become myopic, and prevalence of myopia in per group were 47.03% (1356/2883), 48.37% (237/490), 53.95% 
(82/152) for 9-11th grade, high school grade, some college or above, respectively. This trend was consistent with 
previous study27. In myopia group, the median (standard error) DII values were 2.05 (1.54). Noteworthily, there 

Fig. 1.  Flowchart of participants screening. NHANES, National Health and Nutrition Examination Survey; 
BMI, body mass index; PIR, poverty income ratio.
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was statistically disparity in DII between emmetropes and myopia group. Similarly, significant differences were 
observed between two group regarding gender, PIR, BMI, spherical equivalent of right eye.

Logistic regression analysis of adolescent myopia risk
As shown in Table 2, multivariate logistic regression analysis was performed to illustrate the association between 
DII and myopia. In the non-adjusted (Model 1) and minimally adjusted model (Model 2–2), a higher DII was 
correlated with myopia. After adjustment of age, gender, education levels, PIR, the ORs with 95% CIs for myopia 
in increasing quartiles of DII were 1.09 (0.96, 1.23), 1.12 (0.98, 1.28), and 1.15 (1.01, 1.32), compared to the 
lowest quartile, respectively. It indicated that participants in quartile 4 had an association with 15.00% increased 

Model 1 Model 2−1 Model 2–2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

DII 1.03 (1.00, 1.06) 0.040 1.02 (0.99, 1.05) 0.120 1.03 (1.00, 1.06) 0.020 1.02 (0.99, 1.05) 0.170

Quartile 1 Reference - Reference - Reference - Reference -

Quartile 2 1.09 (0.96, 1.25) 0.160 1.08 (0.94, 1.23) 0.247 1.09 (0.96, 1.23) 0.160 1.07 (0.93, 1.22) 0.300

Quartile 3 1.12 (0.98, 1.28) 0.070 1.09 (0.95, 1.25) 0.180 1.12 (0.98, 1.28) 0.070 1.08 (0.95, 1.24) 0.220

Quartile 4 1.13 (1.00, 1.29) 0.040 1.12 (0.97, 1.27) 0.118 1.15 (1.01, 1.32) 0.020 1.10 (0.96, 1.26) 0.150

P for trend - 0.040 - 0.120 - 0.020 - 0.150

Table 2.  Logistic regression analysis on the association between DII and myopia. Model 1, no covariates were 
adjusted. Model 2 was a minimally adjusted model in which age and gender were first introduced (Model 
2−1), and then age, gender, PIR, education level (Model 2–2). Model 3, age, PIR, education levels, gender, race 
and BMI were adjusted. BMI, body mass index; DII, dietary inflammatory index; PIR, poverty income ratio; 
OR, odds ratio; CI, confidence interval.

 

Variables Overall (n = 7191) Emmetropes (n = 3824) Myopia (n = 3367) P-value

Age, years 14.96 (1.99) 14.950 (1.99) 14.97 (1.99) 0.615

Low age (12 ~ 15 years) 4140 (57.57) 2213 (57.87) 1927 (57.23) 0.601

High age (16 ~ 18 years) 3051 (42.43) 1611 (42.13) 1440 (42.77)

Gender, n (%)

Male 3624 (50.40) 1990 (52.04) 1634 (48.53) 0.003

Female 3567 (49.60) 1834 (47.96) 1733 (51.47)

Race, n (%)

Mexican American 2369 (32.94) 1219 (31.88) 1150 (34.16) 0.286

Other Hispanic 370 (5.15) 199 (5.20) 171 (5.08)

Non-Hispanic white 1951 (27.13) 1069 (27.96) 882 (26.20)

Non-Hispanic Black 2185 (30.39) 1167 (30.52) 1018 (30.23)

Other 316 (4.39) 170 (4.45) 146 (4.34)

Education levels, n (%)

< 9th grade 3666 (50.98) 1974 (51.62) 1692 (50.25) 0.233

9 ~ 11th grade 2883 (40.09) 1527 (39.93) 1356 (40.27)

High school grade 490 (6.81) 253 (6.62) 237 (7.04)

Some college or above 152 (2.11) 70 (1.83) 82 (2.44)

Poverty income ratio 2.136 (1.55) 2.095 (1.53) 2.183 (1.56) 0.016

≤ 1.3, n (%) 2941 (40.90) 1605 (41.97) 1336 (39.68) 0.140

1.3 ~ 3.5, n (%) 2601 (36.17) 1361 (35.59) 1240 (36.83)

≥ 3.5, n (%) 1649 (22.93) 858 (22.44) 791 (23.49)

BMI, kg/m2 23.754 (6.01) 23.409 (5.79) 24.146 (6.22) < 0.001

< 25, n (%) 8297 (44.14) 4281 (45.46) 2925 (42.95)

25 ~ 30, n (%) 5248 (27.92) 2622 (27.84) 1899 (27.88)

≥ 30, n (%) 5083 (27.04) 2419 (25.68) 1934 (28.40)

Spherical equivalent of right eye, (D) -0.99 (1.70) 0.01 (0.25) -2.14 (1.92) < 0.001

DII 2.01 (1.57) 1.98 (1.59) 2.05 (1.54) 0.045

Table 1.  Baseline characteristics of included participants. Data were presented as mean (SD) or n (%). P-
values < 0.05 are shown in bold. BMI, body mass index; DII, dietary inflammatory index; PIR, poverty income 
ratio.
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risk of myopia (P for trend < 0.050). In Model 3, the positive association between DII and myopia became 
insignificant in the whole population. Subsequently, stratified analyses were further performed.

Subgroup analyses
Univariate subgroup analysis as well as interaction effect analysis were performed to evaluate the potential 
modification of the association between DII and myopia (Table 3). Only education levels and age might influence 
the association between DII and myopia (P for interaction < 0.05). Other covariates, such as gender, race and 
BMI levels did not impact myopia prevalence. In addition, in participants aged at 16 to 18 years old or in 9-11th 
grade, the risk of myopia increased significantly with increased DII (Table 4), while this association was not 
observed for those aged at 12 to 15 years or under 9th grade. Further logistic regression analysis in the 16 to 
18 years old group showed no variables that might modify the association between DII and myopia (Table 5). 
Additionally, the smooth curve fitting model confirmed that higher DII scores were associated with higher risk 
of myopia (Figs. 2 and 3).

Discussion
In this cross-sectional study utilizing data from five consecutive NHANES 2-year cycle (1999–2008), the 
prevalence of adolescent myopia reached 46.82%. This was similar to other study16. The individuals with myopia 
had a significantly higher mean DII score than those with emmetropes. Then, our results showed an increasing 
trend in the adjusted prevalence of myopia with a higher DII level in the population aged 12–18 years old. 
Importantly, in the 16–18 years old group and 9-11th grade group, each unit increase in DII was associated 
with an 6.00% increase in the incidence of myopia. When DII was in the fourth quantile, the risk of myopia was 
31.00% and 27.00%, respectively. The smooth curve fitting results indicated and further confirmed the positive 
correlation between DII and myopia in the two group. For these patients, limiting daily pro-inflammatory diet 
is vital for lowering myopia risk. Overall, this study is the pioneering investigation of the correction between 
DII and myopia.

Some findings10,28,29 have suggested that dietary shifts in population undergoing rapid economic transitions 
were partly responsible for the rapid intergenerational rise in myopia prevalence. For example, daily gavage of 
omega-3 polyunsaturated fatty acids (ω-3 PUFAs), known for their anti-inflammatory effects, could significantly 
attenuate the development of myopia in animal study10. Likewise, human study suggested that oral administration 
of ω-3 PUFAs partially alleviated decreases in choroidal blood perfusion (ChBP), a risk factor for myopia10. In 
addition, the Mediterranean diet is considered one of the healthiest dietary patterns worldwide, thanks to a 
combination of foods rich mainly in anti-inflammatory nutrients30. It was identified that special dietary patterns, 

Subgroup OR (95% CI) P-value P for interaction

BMI, kg/m2 0.949

< 25 1.02 (0.98, 1.06) 0.280

25 ~ 30 1.03 (0.96, 1.11) 0.412

≥ 30 1.03 (0.94, 1.13) 0.502

Education levels 0.036

< 9th grade 0.99 (0.95, 1.03) 0.582

9 ~ 11th grade 1.07 (1.02, 1.12) 0.004

High school grade 1.12 (1.01, 1.25) 0.037

Some college or above 1.02 (0.84, 1.25) 0.839

PIR 0.301

≤ 1.3 1.02 (0.98, 1.07) 0.370

1.3 ~ 3.5 1.01(0.96, 1.07) 0.607

≥ 3.5 1.07 (1.01, 1.14) 0.020

Gender 0.660

Male 1.02 (0.98, 1.06) 0.406

Female 1.03 (0.99, 1.08) 0.183

Age 0.011

12 ~ 15 1 (0.96, 1.04) 0.814

16 ~ 18 1.08 (1.03, 1.12) 0.001

Race 0.602

Mexican American 1.07 (1.01, 1.13) 0.013

Other Hispanic 1.03 (0.90, 1.18) 0.654

Non-Hispanic white 1.01 (0.96, 1.07) 0.616

Non-Hispanic Black 1.01 (0.96, 1.07) 0.722

Other 1.04 (0.90, 1.20) 0.585

Table 3.  Subgroup analysis for the association between DII and myopia. P < 0.05 presents significant 
difference.

 

Scientific Reports |        (2024) 14:28048 5| https://doi.org/10.1038/s41598-024-78629-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


similar to Mediterranean diet31, had a protective effect against the risk of myopia in Chinese children aged 
10–11 years32. These observations are consistent with growing evidence that inflammation has a pathological 
influence on myopia3,4. Our study combined multiple dietary data instead of a single diet or the special dietary 
pattern, thereby preserved the predictive value for diet-related inflammation of DII. That better represented 
dietary inflammatory potential, which was crucial for understanding relationship between diet and myopia.

On the other hand, from a systemic perspective, a pro-inflammatory diet contributes to higher values of 
systemic inflammation21. In fact, the DII is a valuable tool to reflect the level of six inflammatory makers (IL-1β, 
IL-4, IL-6, IL-10, TNF-α and CRP). These indicators are more or less associated with systemic inflammatory 
diseases. Other studies showed that a higher incidence of myopia among patients with inflammatory diseases 
such as type 1 diabetes mellitus, allergic conjunctivitis, uveitis3,4. In this sense, our observation was consistent 

Subgroup OR (95% CI) P-value P for interaction

BMI, kg/m2 0.569

< 25 1.08 (1.02, 1.14) 0.006

25 ~ 30 1.07 (0.97, 1.18) 0.167

≥ 30 1.01 (0.89, 1.13) 0.929

Education levels 0.733

< 9th grade 1.14 (0.95, 1.36) 0.582

9 ~ 11th grade 1.07 (1.01, 1.12) 0.014

High school grade 1.12 (1.01, 1.25) 0.037

Some college or above 1.02 (0.84, 1.25) 0.839

PIR 0.972

≤ 1.3 1.07 (1.00, 1.15) 0.045

1.3 ~ 3.5 1.07 (0.99, 1.16) 0.072

≥ 3.5 1.08 (0.99, 1.18) 0.072

Gender 0.200

Male 1.04 (0.98, 1.10) 0.209

Female 1.10 (1.03, 1.18) 0.006

Race 0.444

Mexican American 1.13 (1.05, 1.23) 0.002

Other Hispanic 1.16 (0.95, 1.42) 0.144

Non-Hispanic white 1.07 (0.98, 1.15) 0.115

Non-Hispanic Black 1.02 (0.95, 1.11) 0.554

Other 1.05 (0.84, 1.31) 0.676

Table 5.  Stratified logistic regression analysis to the correlation between DII and myopia in participants aged 
16–18. P < 0.05 presents significant difference.

 

Adjusted OR (95% CI) P-value

Age

16–18 years old

DII 1.06 (1.01, 1.11) 0.006

Quartile 1 Reference -

Quartile 2 1.14 (0.93, 1.40) 0.180

Quartile 3 1.09 (0.89, 1.35) 0.360

Quartile 4 1.31 (1.06, 1.61) 0.010

Education levels

9-11th grade

DII 1.06 (1.01, 1.11) 0.010

Quartile 1 Reference -

Quartile 2 1.14 (0.93, 1.41) 0.190

Quartile 3 1.18 (0.96, 1.46) 0.110

Quartile 4 1.27 (1.02, 1.57) 0.020

Table 4.  Stratified logistic regression analyses of the association between DII and myopia. PIR, education 
levels, gender, age, race and BMI were adjusted. The model was not adjusted for the variable itself in each 
stratification. BMI, body mass index; DII, dietary inflammatory index; PIR, poverty income ratio; OR, odds 
ratio; CI, confidence interval.

 

Scientific Reports |        (2024) 14:28048 6| https://doi.org/10.1038/s41598-024-78629-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


with prior results. Consequently, this finding supports the importance of using a comprehensive tool as DII in 
epidemiological and clinical settings to investigate relationship between diet and myopia.

Our findings suggested that DII was positively associated with a high risk of myopia in US adolescents aged 
in 16 to 18 years or with 9-11th grade educational level, but not in those aged 12 to 15 years or with lower 
educational level. The reason for this phenomenon could be the following. Primarily, the assessment of dietary 
data was subjective, which may be more likely to introduce self-report and recall bias into the analysis and omit 
some dietary risk factors in the younger or lower grade groups. Concurrently, people in lower age group or 
lower grade lack of decision-making ability to plan and choose foods based on taste preferences under parents’ 
concern. This makes them more likely to keep away from unhealthy meals. In addition, as genetic factors greatly 
contribute to the early development of myopia34, the effect of dietary factors may be limited. We suspect a large 
sample size may lead to a statistically significant result.

The mechanism of myopia is complex. Several reports have proposed a role for inflammation in myopia 
susceptibility35,36. The weakening of scleral connective tissue as a result of chronic inflammation contribute to 
the higher incidence of myopia37. A cohort study showed that patients with autoimmune diseases, such type 
1 diabetes mellitus, uveitis, and systemic lupus erythematosus have higher risks of myopia compared to those 
without autoimmune diseases4. The involvement of inflammatory responses in myopia and treatment with anti-
inflammatory agents can effectively inhibit myopia progression4. It is commonly agreed that DII scores is related 
to the pro-inflammatory and anti-inflammatory capacity of the diet. Hence, when the intake of pro-inflammatory 

Fig. 2.  Smooth curve of the trend of the association between DII and myopia. Adjusted to: education levels 
equal 9-11th grade. DII, dietary inflammatory index.
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diets exceeds the body load, a higher DII score could reflect a negative effect against myopia as described in our 
results. The potential underlying mechanism could be multifaceted, as shown in Fig. 4. First, immune systemic 
chronic and sustained activation develop into mild inflammation due to pro-inflammatory diet38. This resulting 
inflammation may exacerbate myopia, which even lead to a vicious cycle. Second, with activated immune cells, 
reactive oxygen species (ROS) can be produced excessively. ROS are one of the major contributors of oxidative 
stress and may alter proteins, deleterious peroxidation of lipids and DNA cleavage39. In status of hypoxia, 
oxidative stress damage the retina40. This could be one of the key aspects to explain oxidative stress and myopia. 
Another explanation could be ascribed to the influence of dietary intake on the gut-eye axis. Microecological 
disturbance induced by diet can activate immune cells or penetrate mucosa41. Then, released endotoxins weaken 
intestinal barrier and produce pro-inflammatory cytokines that mediate local and systemic inflammation. This 
gut microbiota disorders, particularly its connection with inflammation may affect myopia42,43.

To the best of our knowledge, this is the first study to investigate the relationship between DII and myopia, 
and we found that the higher DII score contributes to the higher prevalence of myopia in adolescents, especially 
in the population aged in 16 to 18 years old and those with 9-11th grade educational level. However, there are 
several limitations in this study. First, due to the cross-sectional design in the NHANES database, it seems 
to be difficult to assess the causal relationship between DII and myopia using the logistic regression model. 
Second, dietary assessments were based on self-reported 24-h dietary records, rather than real-time and time-
series surveys, which may introduce dietary recall bias. Third, we used the NHANES database to investigate the 
positive association between DII and myopia, but myopia can be influenced by many factors, including genetic 
factors. Therefore, our assessment may not be comprehensive enough. Further large-scale prospective cohort of 
dietary intervention studies are warranted to examine the effect of DII on myopia.

Fig. 3.  Smooth curve of the trend of the association between DII and myopia. Adjusted to: age equal 16 to 18. 
DII, dietary inflammatory index.
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Conclusions
In summary, this finding showed an increasing trend in the prevalence of myopia with increased DII score 
in adolescents. Particularly for attention, DII was positively associated with the risk of myopia among the 
population aged in 16 to 18 years old and with 9-11th grade educational level. Adherence to pro-inflammatory 
diet patterns should be a risk factor for myopia in adolescents, especially in late adolescents and those with 
higher levels of education. The results may be helpful to public policy makers in developing healthy and anti-
inflammatory dietary recommendations, in order to better prevent and control adolescent myopia.

Data availability
The raw data supporting the conclusions of this article will be made available by the authors, without undue 
reservation. All relevant data are within its Supporting Information files. The datasets in this study are freely 
accessible on the NHANES website (https://www.cdc.gov/nchs/nhanes).
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