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Abstract 

Background This study investigated the association between body mass index (BMI) and myopia in the United 
States.

Methods This cross-sectional study included 8,000 participants from the 1999 to 2008 National Health and Nutrition 
Examination Survey (NHANES). BMI was classified into four groups: < 18.5, 18.5 – 24.9, 25–29.9, and > 29.9. Three diag-
nostic thresholds were used for myopia A\B\C: spherical equivalent ≤ −0.5\−0.75\−1 diopters in the right eye. Multi-
variate logistic regression analysis and smooth curve fitting were performed to evaluate the association between BMI 
and myopia.

Results The incidence of myopia was 39.4%. BMI was correlated with myopia, with each 1 kg/m2 increase in BMI 
associated with a 1% increase in the risk of myopia (OR, 1.01; 95% CI 1.01 1.02; p < 0.05). In myopia B, after adjust-
ing for confounding factors, compared with the reference group (BMI 18.5–24.9), participants with a BMI of 25–29.9 
and greater than 29.9 had a 14% and 25% increased risk of myopia, respectively (OR 1.14; 95% CI 1.01 1.29; p = 0.037, 
OR 1.25; 95% CI 1.08 1.44; p = 0.003), which was similar to the results for myopic A (OR, 1.15; 95% CI 1.02 1.3; p = 0.027, 
OR 1.19; 95% CI 1.03 1.37; p = 0.018) and myopia C (OR 1.15; 95% CI 1.01 1.31; p = 0.035, OR 1.18; 95% CI 1.01 1.37; 
p = 0.032). Moreover, there was a linear relationship between myopia and BMI (p for nonlinearity = 0.767).

Conclusions Myopia using all three diagnostic thresholds was positively associated with higher BMI. This sug-
gests a potential association between myopia and higher BMI in the American population, warranting further 
investigations. 
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Background
Myopia is described as light rays entering the eye paral-
lel to the optic axis and coming into focus in front of the 
retina when the ocular accommodation is relaxed [1]. 
The prevalence of myopia in the United States increased 
from 25% in 1971–1972 to 41.6% in 1999–2004 [2]. Two 
reports from China show that the prevalence of myopia 
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among adolescents is 63.1% and 84.8%, and the incidence 
of high myopia reaches 9.4% and 19.3%, respectively [3, 
4]. According to the forecast, the prevalence of myopia 
will reach 49.8% in 2050, and the prevalence of high myo-
pia will reach 9.8% [5]. Not only do myopic patients suf-
fer from decreased vision, but they are also at significant 
risk of developing complications, such as myopic macular 
degeneration, retinal detachment, open-angle glaucoma, 
and cataracts, which can severely reduce the quality of 
life [6, 7]. Globally, myopia has become a major public 
health concern.

Both genetic and environmental factors have an impact 
on the development of myopia [8–10]. Years of educa-
tion [11] and hours of outdoor activity [12–14] have been 
shown to have a strong causal association with myopia 
and inflammation [15, 16] also correlates with myopia. 
Then, late sleep [17] and high glycaemic load carbohy-
drate diets [18] may be potentially associated with myo-
pia. According to the carbohydrate–insulin model of 
obesity, a high glycaemic load carbohydrate diet leads to 
an increase in adipose tissue and a greater tendency to 
become obese [19–21]. Obese individuals tend to have 
a higher body mass index (BMI) compared to non-obese 
individuals. However, the results of existing studies on 
the association between BMI and myopia are inconsist-
ent and mostly focused on Asian populations. Some stud-
ies have associated high BMI with myopia [22, 23], but 
others have linked it to low BMI [24] or have not found 
an association between both [25, 26].

Therefore, participants in the National Health and 
Nutrition Examination Survey (NHANES) database 
from 1999 to 2008 were selected to explore the asso-
ciation between BMI and myopia in the United States 
population.

Methods
Study design and participants
The NHANES is a research program designed to assess 
the health and nutritional status of adults and children in 
the United States. This survey is conducted annually with 
a nationally representative sample of approximately 5,000 
people. These individuals are located in counties across 
the country, 15 of which are visited annually. This study 
was managed by the National Center for Health Statis-
tics of the Centers for Disease Control and Prevention. 
The study protocol met the requirements of the Decla-
ration of Helsinki and was approved by the institutional 
review board of the National Center for Health Statistics. 
Informed consent was obtained from all participants. A 
more detailed description of the study protocol is pro-
vided elsewhere [27].

This study was a cross-sectional study using data from 
the NHANES database from 1999 to 2008. To calculate 

metabolic equivalents, participants who responded 
"don’t know" for daily activity time (n = 12) and those 
with daily non-physical activity time less than 5 h (n = 44, 
because the veracity of the responses was questionable) 
were excluded. Then, all participants in the survey years 
1999–2008 were included (n = 56,505). Duplicate data 
(n = 6,262) and missing data (n = 29,049) for any vari-
ables, and individuals with a history of refractive surgery 
or do not know (n = 315), cataract surgery or do not know 
(n = 740), hyperopia (defined as spherical equivalent ≥ 0.5 
diopters (D), n = 4,198), unaware of their diabetic status 
(n = 11), above the age of 25 (n = 7,930) were excluded. 
Eventually, 8,000 participants were found suitable for 
inclusion in our study. The inclusion and exclusion pro-
cesses are illustrated in Fig. 1.

Variables and measurement
We included only the right eye as the evaluation eye, 
because refractive errors in the right and left eyes have 
been shown to be highly correlated [13]. Technicians who 
initially received 8 weeks of training and then underwent 
updates and remedial training as needed performed the 
visual examination. The objective refraction (sphere and 
cylinder) results were obtained by taking the average of 
three measurements using a Nidek Auto Refractor Model 
ARK-760 instrument. The spherical equivalent was cal-
culated as the sphere plus half the cylinder. Because the 
NHANES database does not account for cycloplegia in 
refractive measurements, to ensure reliable results, myo-
pia was diagnosed using three thresholds: myopia A was 
defined as spherical equivalent ≤ -0.5 D, myopia B was 
defined as spherical equivalent ≤ −0.75 D and myopia C 
was defined as spherical equivalent  ≤ -1 D [1, 8, 28, 29].

The professional examiners at the mobile examination 
center measured the body of each examinee. Information 
on standing height and weight was collected electroni-
cally from the measuring devices to reduce the possibil-
ity of data input errors. The US Government Printing 
Office (https:// wwwn. cdc. gov/ nchs/ nhanes/ nhane s3/ 
anthr opome tricv ideos. aspx) offers a specific video tech-
nique. BMI was calculated as weight divided by the 
square of height (BMI = kg/m2) and classified into four 
groups: < 18.5, 18.5–24.9, 25–29.9, and > 29.9 kg/m2.

Age, sex (male, female), race (Mexican American, other 
Hispanic, non-Hispanic White, non-Hispanic Black, and 
other races), and diabetes data were obtained through 
personal interviews, and the borderline group for dia-
betes data was considered to have no diabetes. Physical 
activity was obtained through the NHANES PAQ ques-
tionnaire, and metabolic equivalents were calculated with 
reference to previous papers [30]. High-density lipopro-
tein cholesterol (HDL-C) was measured using Hitachi 
717 and Hitachi 912 (Roche Diagnostics, 9115 Hague 
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Fig. 1 Flowchart detailing the selection process for patients included in this study
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Road, Indianapolis, IN 46250) from 1999 to 2006 and a 
Roche Modular P chemistry analyzer (Roche Diagnos-
tics, 9115 Hague Road, Indianapolis, IN 46250) from 
2007 to 2008. Triglycerides, total cholesterol, glucose, 
iron, alanine aminotransferase (ALT), and aspartate ami-
notransferase (AST) levels were measured using Beck-
man Synchron LX20 and Beckman  UniCel® DxC800 
Synchron. C-reactive protein (CRP) levels were quanti-
fied using latex-enhanced nephelometry.

Missing values were handled by simple deletion, where 
the proportions of missing values were more than 35% 
for the following variables: physical activity (44.2%), 
AST (35.7%), ALT (35.7%), Iron (35.5%), Triglycerides 
(35.5%), Total cholesterol (35.5%), Glucose (35.5%), cylin-
der (35.5%). More detailed frequencies and proportions 
of missing values are shown in Additional file 1: Table S1.

Statistical methods
For the baseline data of the subjects, the measurement 
data in accordance with the normal distribution were 
described by the mean ± standard deviation (SD), the 
measurement data that did not comply with the normal 
distribution were described by median (first quartile, 
third quartile), and the count data were described by n 
(%). A mediation analysis was performed for physical 
activity and adjusted for age, sex, race, ALT, AST, total 
cholesterol, triglycerides, HDL-C, glucose, iron, CRP, and 
diabetes mellitus. Multivariate logistic regression analysis 
was performed to evaluate the association between BMI 
and myopia. Model 1 was adjusted for age, sex, physical 
activity, race, and diabetes mellitus. Model 2 was adjusted 
for age, sex, physical activity, race, ALT, AST, total cho-
lesterol, triglycerides, and HDL-C. Model 3 was adjusted 
for age, sex, physical activity, race, ALT, AST, total cho-
lesterol, triglycerides, HDL-C, glucose, iron, CRP, and 
diabetes mellitus. The smooth curve fitting graph was 
established and adjusted according to the covariables 
contained in Model 3. Considering the effect of extreme 
values, only the middle 95% of BMI data are shown. All 
analyses were performed using the statistical software 
package R (http:// www.R- proje ct. org, The R Foundation) 
and Free Statistics software version 1.7 (http:// www. clini 
calsc ienti sts. cn/ frees tatis tics/).

Results
Among 8000 participants with a mean age of 16.9 years, 
3149 (39.4%) were diagnosed with myopia B (spheri-
cal equivalent ≤ −0.75 D). The baseline character-
istics are presented in Table  1. The p values for the 
mediating effect of physical activity on myopia A/B/C 
were 0.2189/0.184/0.1856, respectively. The results of the 

multivariate logistic regression analysis of BMI and myo-
pia are presented in Table 2. The trend was the same for 
all three myopia diagnostic criteria. BMI was correlated 
with myopia, with each 1 kg/m2 increase in BMI associ-
ated with a 1% increase in the risk of myopia (OR 1.01; 
95% CI 1.01 1.02; p < 0.05). In myopia B (spherical equiv-
alent ≤ −0.75 D), compared with the reference group 
(BMI 18.5–24.9), participants with a BMI of 25–29.9 
and greater than 29.9 had a 14% and 25% increased 
risk of myopia, respectively (OR 1.14; 95% CI 1.01 1.29; 
p = 0.037, OR 1.25; 95% CI 1.08 1.44; p = 0.003), which 
was similar to the results for myopic A (spherical equiva-
lent ≤ −0.5 D, OR 1.15; 95% CI 1.02 1.3; p = 0.027, OR 
1.19; 95% CI 1.03 1.37; p = 0.018) and myopia C (spherical 
equivalent ≤ -1 D, OR 1.15; 95% CI 1.01 1.31; p = 0.035, 
OR 1.18; 95% CI 1.01 1.37; p = 0.032) in model 3.Smooth 
curve fitting showed a linear relationship between BMI 
and myopia B (p for nonlinearity = 0.767, Fig. 2).

Discussion
In our cross-sectional study that included 8,000 indi-
viduals, there was a linear relationship between BMI and 
myopia (OR 1.01; 95% CI 1.01 1.02; p < 0.05). In a multi-
factorial analysis, participants with a BMI of 25–29.9 and 
greater than 29.9 had a 14% and 25% increased risk of 
myopia (spherical equivalent ≤ 0.75 D), respectively (OR 
1.14; 95% CI 1.01 1.29; p = 0.037, OR 1.25; 95% CI 1.08 
1.44; p = 0.003), and the trend remained unchanged when 
the diagnostic threshold was changed to −0.5D (OR 1.15; 
95% CI 1.02 1.3; p = 0.027, OR 1.19; 95% CI 1.03 1.37; 
p = 0.018)or −1 D(OR 1.15; 95% CI 1.01 1.31; p = 0 0.035, 
OR 1.18; 95% CI 1.01 1.37; p = 0.032).The current focus of 
myopia and BMI research is on Asian children and ado-
lescents. A cross-sectional study that included 1,359,153 
Israeli adolescents aged 16–19  years who underwent 
medical examinations before mandatory military service 
showed that the BMI was a j-shaped pattern presented in 
the form of a bar chart for adolescent myopia and both 
higher and lower BMI were associated with a higher risk 
of myopia [22]. The results of our study are linear and 
presented in the form of smooth curve fitting. In the 
U.S. population, lower BMI did not appear to be associ-
ated with myopia, whereas higher BMI similarly had a 
higher OR. Similarly, a Korean cross-sectional study that 
investigated 24,269 participants aged 5–18  years in the 
KNHANES VII database from 2016 to 2018 found an 
association between obesity and high myopia in child-
hood and adolescence and an association between over-
weight and high myopia in girls [23]. According to the 
results provided in Table 2, there is not enough evidence 
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to show that BMI and myopia are related, which is incon-
sistent with our results, and the different populations 
selected may be the source of the difference. A study 
using the 2003–2008 NHANES database of 6,855 partici-
pants aged 12–25 years showed that BMI was not asso-
ciated with myopia (R2 = 0, P = 0.79) [26]. Three possible 

differences that may have contributed to the different 
results are as follows: first, the association between BMI 
and myopia was evaluated using multivariate analysis and 
adjustment was made with physical activity considered 
as one of the confounding factors; second, in addition to 
being analyzed as a continuous variable, BMI was also 

Table 1 Baseline characteristics of the participants

Categorical variables are reported as No. (%) and continuous variables are reported as mean (SD) or median (Q1, Q3)

Myopia A was defined as spherical equivalent ≤ -0.5 D, myopia B was defined as spherical equivalent ≤ -0.75 D, and myopia C was defined as spherical equivalent ≤ -1 
D

ALT alanine aminotransferase, AST aspartate aminotransferase, HDL-C high-density lipoprotein cholesterol, BMI body mass index, MET metabolic equivalent, D 
diopters, SD standard deviation, Q1 first quartile, Q3 third quartile

Variables Total (n = 8000) BMI (kg/m2) p value

 < 18.5 (n = 965) 18.5 − 24.9 (n = 4203) 25 − 29.9 (n = 1558)  > 29.9 (n = 1274)

Sex, n (%)  < 0.001

 Male 4156 (51.9) 573 (59.4) 2181 (51.9) 829 (53.2) 573 (45)

 Female 3844 (48.0) 392 (40.6) 2022 (48.1) 729 (46.8) 701 (55)

Age (years) 16.9 (3.3) 14.7 (2.5) 16.8 (3.1) 17.6 (3.4) 18.0 (3.4)  < 0.001

Race, n (%)  < 0.001

 Mexican American 2559 (32.0) 296 (30.7) 1307 (31.1) 548 (35.2) 408 (32)

 Other Hispanic 464 (5.8) 49 (5.1) 235 (5.6) 99 (6.4) 81 (6.4)

 Non-Hispanic White 2397 (30.0) 307 (31.8) 1307 (31.1) 456 (29.3) 327 (25.7)

 Non-Hispanic Black 2225 (27.8) 251 (26) 1167 (27.8) 399 (25.6) 408 (32)

 Other race 355 (4.4) 62 (6.4) 187 (4.4) 56 (3.6) 50 (3.9)

Physical activity (METs) 1800.0 (661.5, 4305.0) 1811.2 (721.0, 3840.0) 1939.0 (735.0, 4594.3) 1717.5 (611.6, 4154.5) 1440.0 (481.3, 3840.0)

Weight (kg) 67.7 (20.0) 44.8 (7.3) 61.0 (9.0) 76.6 (9.8) 99.5 (19.3)  < 0.001

Standing height (cm) 166.1 (10.3) 160.9 (10.7) 166.4 (10.1) 167.5 (9.9) 167.5 (9.9)  < 0.001

ALT (U/L) 17.0 (14.0, 22.0) 15.0 (13.0, 18.0) 16.0 (13.0, 20.0) 19.0 (15.0, 26.0) 22.0 (17.0, 31.0)  < 0.001

AST (U/L) 22.0 (19.0, 26.0) 24.0 (21.0, 28.0) 22.0 (19.0, 26.0) 22.0 (19.0, 27.0) 22.0 (19.0, 27.0)  < 0.001

Total cholesterol 
(mmol/L)

4.2 (0.9) 4.1 (0.7) 4.1 (0.8) 4.4 (0.9) 4.5 (1.0)  < 0.001

Triglycerides (mmol/L) 0.9 (0.6, 1.2) 0.7 (0.5, 1.0) 0.8 (0.6, 1.1) 1.0 (0.7, 1.4) 1.2(0.8, 1.7)  < 0.001

HDL-C (mmol/L) 1.3 (0.3) 1.5 (0.3) 1.4 (0.3) 1.3 (0.3) 1.2 (0.3)  < 0.001

Glucose (mmol/L) 4.8 (0.9) 4.8 (0.8) 4.8 (1.0) 4.8 (0.8) 5.0 (1.0)  < 0.001

Iron (μmol/L) 14.9 (10.8, 19.7) 15.4 (11.5, 20.1) 15.8 (11.5, 20.6) 14.5 (10.6, 19.2) 12.2(8.6, 16.1)  < 0.001

C-reactive protein 
(mg/dL)

0.1 (0.0, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.1 (0.0, 0.2) 0.3 (0.1, 0.6)  < 0.001

Diabetes, n (%)  < 0.001

 Yes 35 (0.4) 3 (0.3) 18 (0.4) 7 (0.4) 7 (0.5)

 No 7965 (99.6) 962 (99.7) 4185 (99.6) 1551 (99.6) 1267 (99.5)

Myopia A, n (%)  < 0.001

 Yes 3911 (48.9) 451 (46.7) 1984 (47.2) 796 (51.1) 680 (53.4)

 No 4089 (51.1) 514 (53.3) 2219 (52.8) 762 (48.9) 594 (46.6)

Myopia B, n (%)  < 0.001

 Yes 3149 (39.4) 347 (36) 1590 (37.8) 643 (41.3) 569 (44.7)

 No 4851 (60.6) 618 (64) 2613 (62.2) 915 (58.7) 705 (55.3)

Myopia C, n (%)  < 0.001

 Yes 2580 (32.2) 287 (29.7) 1299 (30.9) 533 (34.2) 461 (36.2)

 No 5420 (67.8) 678 (70.3) 2904 (69.1) 1025 (65.8) 813 (63.8)
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analyzed in groups. The OR of different groups reached 
different conclusions. Thirdly, the population from 1999 
through 2008 was included, and differences in sample 
size (8,000) may have contributed to this difference. In a 
study of 19-year-old male consignors in Seoul, Korea, no 
association was found between myopia and BMI accord-
ing to quartiles and by logistic regression [31]. In our 
study, a higher BMI appeared to favor a risk factor over a 
protective factor. Differences in population selection may 
account for the differences in results.

The association between BMI and myopia is affected 
by underlying lifestyle factors. One review found an 
association between decreased time spent outdoors and 
worsening myopia by studying children during COVID-
19-induced lockdown [32]. Children who spend more 
time outdoors may have a lower BMI than their peers 
[33]. This may be a reasonable explanation for our linear 
results. After mediating role analysis, it was found that 
physical activity did not mediate the association between 
BMI and myopia. It may be one of the confounding fac-
tors affecting the results, so we included it in the multi-
variate analysis to adjust for it.

There are some limitations to this study. First, since the 
study design was cross-sectional, it was not possible to 
determine a causal relationship between BMI and myo-
pia. In addition, measurement of refractive error in the 
absence of cycloplegia increases the prevalence of myo-
pia. Therefore, three mainstream myopia diagnostic cri-
teria were adopted to ensure the reliability of the results. 
Third, this study did not take into account the impact of 
air pollution and regional differences as confounding fac-
tors and further research is needed to explore this aspect. 
Fourth, due to the fact that BMI does not consider muscle 
mass, bone density, overall body composition, or racial 
and sex differences in lifespan, and also because chil-
dren’s standards for obesity differ from those for adults, 
this study can only conclude an association between BMI 
and myopia, rather than a relationship between obe-
sity and myopia. Fifth, NHANES only provided refrac-
tive data from 1999 to 2008, which may be outdated 
(> 15 years), and newer surveys are still needed to reflect 
current refractive errors, diet, exercise, or lifestyle.

Table 2 Association between BMI and myopia in multivariate logistic regression

Myopia A was defined as spherical equivalent ≤ -0.5 D, myopia B was defined as spherical equivalent ≤ -0.75 D and myopia C was defined as spherical equivalent ≤ -1 D

Model 1 was adjusted for age, sex, physical activity, race, and diabetes mellitus

Model 2 was adjusted for age, sex, physical activity, race, ALT, AST, total cholesterol, triglycerides, and HDL-C

Model 3 was adjusted for age, sex, physical activity, race, ALT, AST, total cholesterol, triglycerides, HDL-C, glucose, iron, CRP, and diabetes mellitus

ALT alanine aminotransferase, AST aspartate aminotransferase, HDL-C high-density lipoprotein cholesterol, CRP C-reaction protein, BMI body mass index, OR odds ratio, 
CI confidence interval, D diopters

Variables Myopia Crude Model Adjusted Model 1 Adjusted Model 2 Adjusted Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

BMI (kg/m2) A 1.02 (1.01 ~ 1.02)  < 0.001 1.01 (1.01 ~ 1.02)  < 0.001 1.01 (1.00 ~ 1.02) 0.003 1.01 (1.00 ~ 1.02) 0.012

B 1.02 (1.01 ~ 1.03)  < 0.001 1.02 (1.01 ~ 1.02)  < 0.001 1.02 (1.01 ~ 1.02)  < 0.001 1.01 (1.01 ~ 1.02) 0.001

C 1.02 (1.01 ~ 1.02)  < 0.001 1.01 (1.00 ~ 1.02) 0.002 1.01 (1.00 ~ 1.02) 0.009 1.01 (1.00 ~ 1.02) 0.034

 < 18.5 A 0.98 (0.85 ~ 1.13) 0.793 1.02 (0.88 ~ 1.17) 0.838 1.02 (0.88 ~ 1.18) 0.771 1.02 (0.88 ~ 1.18) 0.78

B 0.92 (0.80 ~ 1.07) 0.279 0.96 (0.83 ~ 1.11) 0.594 0.97 (0.83 ~ 1.12) 0.655 0.97 (0.83 ~ 1.12) 0.656

C 0.95 (0.81 ~ 1.10) 0.479 0.99 (0.85 ~ 1.16) 0.903 0.99 (0.85 ~ 1.16) 0.913 0.99 (0.84 ~ 1.16) 0.902

18.5–24.9 A

B Reference Reference Reference Reference

C

25–29.9 A 1.17 (1.04 ~ 1.31) 0.009 1.16 (1.03 ~ 1.30) 0.014 1.16 (1.02 ~ 1.31) 0.018 1.15 (1.02 ~ 1.30) 0.027

B 1.15 (1.03 ~ 1.30) 0.017 1.14 (1.02 ~ 1.29) 0.027 1.15 (1.01 ~ 1.30) 0.03 1.14 (1.01 ~ 1.29) 0.037

C 1.16 (1.03 ~ 1.32) 0.017 1.15 (1.02 ~ 1.30) 0.027 1.16 (1.02 ~ 1.32) 0.024 1.15 (1.01 ~ 1.31) 0.035

 > 29.9 A 1.28 (1.13 ~ 1.45)  < 0.001 1.24 (1.09 ~ 1.41) 0.001 1.22 (1.06 ~ 1.40) 0.005 1.19 (1.03 ~ 1.37) 0.018

B 1.33 (1.17 ~ 1.51)  < 0.001 1.28 (1.13 ~ 1.46)  < 0.001 1.27 (1.10 ~ 1.46) 0.001 1.25 (1.08 ~ 1.44) 0.003

C 1.27 (1.11 ~ 1.45)  < 0.001 1.22 (1.07 ~ 1.40) 0.004 1.21 (1.05 ~ 1.40) 0.01 1.18 (1.01 ~ 1.37) 0.032
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Conclusions
In our study, myopia using all three diagnostic thresh-
olds was positively associated with higher BMI. This sug-
gests a potential association between myopia and higher 
BMI in the American population, warranting further 
investigations.
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