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Abstract
Background Previous studies have indicated a possible link between obesity and myopia, although the results have 
varied. The objective of this study was to investigate the correlation between a new measure of obesity, the weight-
adjusted waist index (WWI), and myopia.

Method This cross-sectional study included individuals between the ages of 12 and 25 who participated in a 
noncycloplegic vision examination as part of the National Health and Nutrition Examination Survey (NHANES) 
conducted from 1999 to 2008. WWI was calculated as waist circumference divided by the square root of body weight. 
Myopia was characterized by a spherical equivalent (SE) of ≤ − 0.5 diopters (D) and further categorized into mild 
(-3.00D < SE≤-0.50 D), moderate (-6.00D < SE ≤-3.00 D), or high (SE≤-6.00 D). We utilized a weighted multivariable 
logistic regression and a generalized additive model to evaluate the correlation between WWI and myopia. Threshold 
effects were analyzed, and we performed subgroup analysis and interaction tests.

Results A grand total of 11,180 individuals were registered for the study. Decreased myopia severity was observed 
with higher WWI, as evidenced by elevated SE (β = 0.098, 95% CI: 0.028–0.167). Individuals in the top tertile of WWI 
experienced a 19.8% decrease in risk compared to those in the lowest group (OR = 0.802, 95% CI: 0.800-0.804; P for 
trend < 0.001). Similar associations were observed for high myopia. Gender-specific nonlinear associations were found, 
with different breakpoints for males (10.774) and females (10.025). In males, a significant positive association was 
found on the right side of the breakpoint (OR = 1.398, 95% CI: 1.038–1.884), while no significant association was found 
on the left side. Conversely, among females, a negative association was observed on the left side of the breakpoint 
(OR = 0.679, 95% CI: 0.512–0.899), whereas no notable correlation was detected on the right side.

Conclusion Increased WWI level was linked to a lower risk of myopia and high myopia in the overall sample, with 
gender-specific variations.
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Background
Myopia is the most frequent eye abnormality and mainly 
develops in childhood and early adulthood. Uncorrected 
myopia is the prevalent reason for visual impairment 
[1, 2]. The growing worldwide occurrence of myopia in 
recent decades has been emphasized as a significant 
global issue concerning public health. It is estimated that 
by 2050, approximately 49.8% of the world’s population 
will likely develop myopia, with 9.8% experiencing high 
myopia [3]. The harmful effects of myopia go beyond the 
need to wear corrective lenses. The risk of related com-
plications such as retinal detachment, myopic macu-
lopathy, optic neuropathy, and glaucoma significantly 
rises with myopia, particularly high myopia, resulting 
in irreversible vision loss [4, 5]. Several epidemiological 
studies have shown that high myopia is the leading cause 
of irreversible blindness in various regions of the world 
[6–8]. Although both genetic and environmental factors 
are known to play a role in the progression of myopia, the 
pathogenesis of myopia is complex and not fully under-
stood [9]. With very limited interventions currently avail-
able to effectively prevent myopia [10], it is important to 
explore the risk factors associated with the development 
of myopia.

The relationship between weight status or obesity and 
myopia is not well established. Previous studies on the 
relationship between obesity and myopia have shown 
inconsistent results. Some studies have concluded that 
obesity or overweight is positively associated with myo-
pia [11–14], yet others have found that a lower BMI is 
associated with the development of myopia [15–17]. 
Additionally, some studies have found no correlation 
between weight status and myopia [18–20]. The discrep-
ancies in these results may be due to factors such as dif-
ferent sample sizes in the studies and differences in the 
definitions of obesity or overweight. Furthermore, tradi-
tional factors such as waist circumference, weight, and 
BMI may also lead to misleading outcomes due to their 
inability to differentiate between fat mass and muscle [21, 
22].

Park et al. proposed the weight-adjusted waist index 
(WWI) as a novel measure to evaluate obesity. It is 
defined as the division of waist circumference (WC) by 
the square root of body weight [23]. It can reflect the 
composition of fat and muscle mass and serve as a tool 
to assess central obesity [24]. No research has been con-
ducted on the correlation between WWI and myopia. 
Exploring the association between WWI and myopia 
could lead to a greater understanding of the correlation 
between obesity and myopia.

Based on this view, this study was designed to utilize 
data from the National Health and Nutrition Examina-
tion Survey (NHANES) to thoroughly investigate the 
correlation between WWI and myopia. The aim was to 

generate fresh insights for the management and preven-
tion of myopia.

Methods
Survey description
The National Centre for Health Statistics (NCHS) con-
ducts NHANES, a survey that evaluates the nutritional 
and overall health of individuals of all ages in the United 
States. To obtain a sample that accurately represents the 
noninstitutionalized civilian population in the United 
States, a sophisticated multistage probability design was 
utilized [25]. Participants provided demographic, socio-
economic, and medical information during an in-home 
interview. A mobile examination center (MEC) was used 
to conduct physical and laboratory examinations. The 
detailed design and data of the NHANES study are avail-
able to the public at the following website: https://www.
cdc.gov/nchs/nhanes/index.htm.

The NHANES study protocols were approved by the 
Research Ethics Review Board of the NCHS, in accor-
dance with the ethical guidelines of the 1975 Declara-
tion of Helsinki. All survey participants and/or their 
guardians provided their written informed consent. 
The present investigation adhered to the guidelines of 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) for the reporting of cross-sec-
tional studies [26].

Study population
For this research, the data spanning from 1999 to 2008 
were used because the ophthalmic evaluation was 
available only in the period of 1999 to 2008. Because 
refraction measurement data were only available for 
participants aged 12 or older, the current analyses were 
restricted to individuals aged 12 to 25 years, with the 
upper age limit accounting for late-onset myopia [27]. 
Our analysis included individuals who underwent refrac-
tion measurements and had complete data on WWI. In 
our final analysis, we included 11,180 eligible participants 
after excluding the participants younger than 12 and 
older than 25 years (n = 37,983), missing refraction mea-
surement results (n = 1148), hyperopia (defined as refrac-
tive error > 0.5 D in any eye, n = 1005), received cataract 
or refractive surgery (n = 17), missing history of eye sur-
gery information (n = 17), and individuals without avail-
able information about WWI (n = 273) (Fig. 1).

Assessment of myopia
All participants underwent a noncycloplegic vision exam-
ination. The refractive status of the eye was objectively 
evaluated using an autorefractor (Nidek ARK-760  A, 
Nidek Co. Ltd., Gamagori, Japan). Each eye was measured 
three times consecutively, and the median values of the 
sphere, cylinder, and axis were recorded. The spherical 
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equivalent (SE) was calculated as the sphere + 1/2 cylin-
der. Due to the high correlation between the SE values of 
the right and left eyes, we used only the right eye for the 
analysis in this study. Myopia was characterized as a SE≤-
0.50 diopters (D). Specifically, myopia was categorized 
into mild (-3.00 D < SE≤-0.50 D), moderate (-6.00D < SE 
≤-3.00 D), or high (SE≤-6.00 D) myopia.

Evaluation of WWI
WWI is a novel anthropometric indicator that utilizes 
waist circumference and weight to assess the level of cen-
tral obesity. In general, an elevated WWI corresponds 
to a higher degree of central adiposity. Anthropometry 
measurements were conducted in MECs by qualified 
health technicians. To determine the WWI for each par-
ticipant, the WC (cm) was divided by the square root 
of their weight (kg). During the analysis, we considered 
WWI as a continuous factor and categorized individuals 
into three groups for further examination, according to 
the WWI tertiles. Our study utilized WWI as a variable 
for exposure.

Covariates of interest
Potential covariates between WWI and myopia included 
age, gender, ethnicity, education level (≤ 9th grade, 
9–12th grade, high school grade, and college or above), 
body mass index (BMI, kg/m2), family poverty income 
ratio (PIR), and TV and computer use time (hours per 
day), which were adjusted for in the present study. 
Through the analysis of vitamin D levels, we attempted to 
adjust for time spent outdoors. Ethnicity, education level, 
PIR, and TV and computer use time were ascertained by 
questionnaire. Weight and height measurements were 
taken in the MEC by trained health professionals, and 
BMI was calculated. Serum vitamin D levels were deter-
mined by measuring serum concentrations of 25(OH)D, 
which was only performed in NHANES 2001–2006. Con-
sequently, serum vitamin D concentration was analyzed 
separately.

Statistical analysis
To account for the complex sampling design of the 
NHANES, statistical analyses were performed following 

Fig. 1 Flow chart of the sample selection process
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CDC guidelines and utilizing suitable weights for the 
NHANES sampling [25].

According to the recommendations from the NHANES 
official website, we incorporate weights in our analyses. 
The method for calculating these weights follows the 
guidelines provided on the following website: https://
wwwn.cdc.gov/nchs/nhanes/tutorials/Weighting.aspx. 
Weighted Student’s t tests were used to assess the dif-
ferences among categories of myopia levels (mild, mod-
erate, and high) in descriptive analyses, for continuous 
variables. Additionally, weighted chi-square tests were 
employed for categorical variables. In order to represent 
the extensive, nationally representative sample, infer-
ential statistics were employed due to the intricate and 
multi-level probability sampling design of NHANES. 
Consequently, linear regression analyses are used to 
summarize continuous variables as means with standard 
errors, while logistic regression analyses are employed to 
display categorical parameters as proportions.

Two separate multivariable regression models were 
utilized to examine the correlation between WWI and 
myopia, taking into consideration the sampling weights. 
Sex, age, and ethnicity were taken into account when 
adjusting Model (1) Sex, age, ethnicity, education level, 
BMI, PIR, TV and computer usage duration, and serum 
vitamin D level were taken into account when adjust-
ing Model (2) After converting WWI into a categorical 
variable (divided into three equal groups), we conducted 
additional sensitivity analysis to evaluate its reliability.

In both the overall sample and each subgroup, a gener-
alized additive model (GAM) and fitting smooth curves 
were employed to establish the nonlinear correlation 
between WWI and myopia. Covariates included sex, age, 
ethnicity, education level, BMI, PIR, TV and computer 
usage duration, and serum vitamin D level. The evalua-
tion was conducted using smoothing splines. When a 
nonlinear correlation was identified, a segmented regres-
sion model was utilized to fit each interval and thresh-
old effects are determined. A log-likelihood ratio test 
was conducted to ascertain the presence of a threshold 
by comparing the nonsegmented one-line model with the 
segmented regression model. The breakpoint (K) con-
necting the segments was determined through a two-step 
recursive approach, utilizing the model that offers the 
highest probability. In addition, the association between 
WWI and myopia and high myopia was examined 
through stratified multivariable logistic regression mod-
els, considering factors such as sex and age. Furthermore, 
these categorized variables were regarded as possible 
modifiers of effects, and an interaction term was included 
through the likelihood ratio test to assess the diversity of 
relationships among different subgroups.

Use the median to fill in missing values for continu-
ous variables and the plural to fill in missing values for 

categorical variables. R version 4.1.3 (The R Foundation) 
and Empower software (X&Y solutions, Inc., Boston, 
MA, United States) were utilized for all the analyses. A 
significance level of less than 0.05 was used to determine 
statistical significance in both directions.

Result
Participants’ initial characteristics
In this cross-sectional study, a grand total of 11,180 indi-
viduals were enrolled, with males accounting for 50.82% 
and females accounting for 49.18% (based on weighted 
proportions). The weighted proportions of emmetropes, 
mild myopia, moderate myopia, and high myopia patients 
were 51.84%, 34.16%, 10.74%, and 3.27%, respectively. 
Participants with larger refractive errors tended to be of 
advanced age, more inclined towards the female gender, 
belonging to non-Hispanic White or other racial back-
grounds, and had higher levels of education compared 
to those with emmetropes. (Table 1). In the emmetropes 
group, mild myopia group, moderate myopia group, and 
high myopia group, the mean (standard error) WWI 
values were 10.24 (0.03), 10.22 (0.02), 10.21 (0.02), and 
10.13 (0.05), respectively. Participants with high myopia 
had a smaller WWI than those with emmetropes. How-
ever, there was no statistically noteworthy disparity in 
WWI among the various myopia categories (p = 0.084) 
(Table 1).

The correlation between WWI and myopia
The correlation between WWI and myopia is shown in 
Table 2. In both the minimally adjusted and fully adjusted 
models, we discovered a correlation between a higher 
WWI and an elevated SE. After adjusting for all vari-
ables, a single increment in WWI score corresponded 
to a 0.098 D increase in SE (β = 0.098, 95% CI: 0.028–
0.167). Even after WWI was classified as a tertile, this 
association remained statistically significant. In the fully 
adjusted model, participants in Tertile 3 of WWI had 
a notable 0.234 D increase in SE compared to Tertile 1, 
which had the lowest WWI. (Tertile 3: β = 0.234, 95% CI: 
0.109–0.359).

Our findings indicated that a higher WWI was asso-
ciated with a lower probability of myopia. After mak-
ing extensive adjustment, individuals with an additional 
WWI unit experienced a 7.8% lower risk of develop-
ing myopia (Model 2: OR = 0.922, 95% CI: 0.921–0.924). 
After WWI was stratified into tertiles, this association 
remained statistically significant. Compared with the 
individuals in the lowest WWI tertile, those in the high-
est WWI tertile experienced a noteworthy reduction of 
19.8% in the risk of myopia (OR = 0.802, 95% CI: 0.800-
0.804; P for trend < 0.001) (Table 2).

After grouping myopia by severity, we conducted fur-
ther analysis and found a statistically significant negative 

https://wwwn.cdc.gov/nchs/nhanes/tutorials/Weighting.aspx
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association between WWI and the likelihood of having 
mild myopia, moderate myopia, and high myopia, and 
this association persisted across both of our models. Dur-
ing the comprehensive adjustment analysis, individuals 
with a WWI that was one unit higher experienced a 7.0% 
decrease in the likelihood of developing mild myopia 
(OR = 0.930, 95% CI: 0.929–0.931), a 4.4% decrease in the 
likelihood of developing moderate myopia (OR = 0.956, 
95% CI: 0.954–0.958), and a 35.4% decrease in the like-
lihood of developing high myopia (OR = 0.646, 95% CI: 
0.646–0.649). As WWI was categorized into tertiles, 
people in the top group demonstrated a 19.6% reduction 
in high myopia risk (OR = 0.804, 95% CI 0.802–0.806; P 
for trend < 0.001), a 10.1% reduction in high myopia risk 
(OR = 0.899, 95% CI 0.896–0.902; P for trend < 0.001), 
and a significant 55.8% reduction in high myopia risk 
(OR = 0.442, 95% CI 0.439–0.445; P for trend < 0.001) 
compared to those in the lowest group. (Table 2).

Additionally, the smooth curve fitting results also dem-
onstrated that there was a negative correlation between 
WWI and the occurrence of myopia (Fig.  2A) or high 
myopia (Fig. 2B) in the total sample of individuals.

Subgroup analysis
To ascertain if the correlation between WWI and myopia 
remained consistent throughout the entire population 
and to identify potential variations in different popu-
lation groups, we performed a subgroup analysis and 
interaction test, stratifying by age and sex. Our findings 
demonstrated that there was no dependence. Accord-
ing to Table 3, there was no significant interaction across 
sex and age (all P for interaction > 0.05). In all age groups 
and among females, the linear negative association 
remained significant (Table  3). Significant interactions 
were observed between sex (P for interaction = 0.009) and 
age (P for interaction < 0.001) in the correlation between 
WWI and high myopia. In all age groups and among 
women, we observed a negative correlation. In summary, 
our study findings indicate that the link between WWI 
and myopia remains unaffected by gender and age. In 
contrast, the relationship between WWI and high myo-
pia appeared to depend on both age and sex. It is possibly 
appropriate for women and all age groups (Table 3).

Table 1 Cross-sectional characteristics of participants, NHANES 1999–2008
No. of 
available 
cases

Overall 
(n = 11,180)

Emmetropes 
(n = 5909)

Mild myopia 
(n = 3961)

Moderate 
myopia 
(n = 1034)

High myopia 
(n = 276)

P 
value

Weighted proportion (%) 11,180 51.84 (0.87) 34.16 (0.74) 10.74 (0.58) 3.27 (0.31)

SE (D) 11,180 -1.13 (0.04) 0.02 (0.01) -1.30 (0.02) -4.14 (0.04) -7.84 (0.16) < 0.001

Age (year) 11,180 18.32 (0.07) 18.12 (0.09) 18.32 (0.11) 18.83 (0.19) 19.97 (0.28) < 0.001

Sex (%) 11,180 < 0.001

 Male 5542 50.82 (0.58) 53.33 (0.87) 51.06 (1.15) 40.80 (2.12) 41.45 (3.94)

 Female 5638 49.18 (0.58) 46.67 (0.87) 48.94 (1.15) 59.20 (2.12) 58.55 (3.94)

Ethnicity (%) 11,180 < 0.001

 Mexican American 3636 12.01 (0.94) 11.99 (0.90) 13.61 (1.22) 8.35 (1.21) 7.57 (1.51)

 Other Hispanic 607 6.63 (0.82) 6.90 (1.20) 6.61 (0.88) 5.95 (1.10) 4.86 (1.85)

 Non-Hispanic White 3230 61.27 (1.53) 61.73 (1.64) 58.98 (1.76) 65.09 (2.50) 65.37 (3.73)

 Non-Hispanic Black 3221 13.81 (1.02) 14.11 (1.08) 14.51 (1.19) 11.50 (1.37) 9.51 (1.70)

 Other Race 486 6.27 (0.54) 5.27 (0.66) 6.28 (0.67) 9.11 (1.53) 12.70 (3.27)

Education level (%) 11,176 < 0.001

 < 9th Grade 4187 27.34 (0.69) 29.28 (0.98) 27.98 (1.07) 21.50 (1.75) 9.21 (1.79)

 9–12th Grade 4101 30.04 (0.76) 31.43 (1.07) 28.79 (1.00) 28.61 (1.98) 25.78 (3.56)

 High School Grade 1358 16.08 (0.70) 15.95 (0.93) 16.53 (1.01) 14.81 (1.81) 17.54 (2.79)

 College or above 1530 26.54 (0.99) 23.35 (1.25) 26.70 (1.31) 35.07 (2.34) 47.46 (3.60)

BMI (kg/m2) 11,180 24.65 (0.11) 24.50 (0.14) 24.83 (0.15) 24.89 (0.28) 24.60 (0.41) 0.042

WC (cm) 11,180 84.81 (0.30) 85.41 (0.78) 85.19 (0.41) 84.47 (0.38) 84.15 (1.05) 0.068

WWI (cm/√kg) 11,180 10.22 (0.02) 10.24 (0.03) 10.22 (0.02) 10.21 (0.02) 10.13 (0.05) 0.084

PIR 10,329 2.42 (0.04) 2.38 (0.05) 2.41 (0.05) 2.68 (0.09) 2.42 (0.18) < 0.001

TV and computer use (hours per day) 7074 4.13 (0.04) 3.87 (0.15) 4.07 (0.06) 4.08 (0.09) 4.19 (0.05) < 0.001

Vitamin D level, nmol/La 7910 62.95 (0.78) 63.43 (0.83) 61.98 (0.94) 63.90 (1.35) 62.29 (2.78) 0.036
Data were weighted estimates and expressed as the mean (standard error) or percentage (%)
aThe serum vitamin D level was measured only in NHANES 2001–2006

SE: Spherical equivalent, BMI: body mass index, WC: waist circumference, WWI: weight-adjusted-waist index, PIR: poverty income ratio
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Nonlinear correlation between WWI and myopia in various 
sexes groups
In addition, the nonlinearity for each stratification was 
resolved using GAM and smooth curve fittings. When 
age was taken into account, there was no nonlinear corre-
lation found between WWI and myopia. However, it was 
observed that both male and female participants exhib-
ited a nonlinear relationship in the resultant curve of gen-
der (Fig. 3). The males’ breakpoint (K) was determined to 

be 10.774, while for females it was calculated as 10.025, 
based on the two-piecewise linear regression model. 
Among males, a positive correlation between WWI and 
myopia on the right of the breakpoint was observed 
(OR = 1.398, 95% CI: 1.038–1.884). Nevertheless, there 
was no statistically significant relationship on the left 
(OR = 0.938, 95% CI: 0.818–1.077). For female individu-
als, a negative relationship between WWI and myopia 

Table 2 Association between weight-adjusted waist index and myopia
Weight-adjusted-waist index group Minimally adjusted model (Model 1) a Fully adjusted model

(Model 2) b

SEc(D)/βd(95% CIe)
 Continuous 0.067 (0.018, 0.115) 0.098 (0.028, 0.167)

 Categories
  Tertile 1 Reference Reference

  Tertile 2 0.048 (-0.039, 0.134) 0.101 (-0.001, 0.203)

  Tertile 3 0.148 (0.054, 0.241) 0.234 (0.109, 0.359)

  P for trend 0.002 < 0.001

Myopia/ORf(95% CI)
 Continuous 0.967 (0.966, 0.967) 0.922 (0.921, 0.924)

 Categories
  Tertile 1 Reference Reference

  Tertile 2 0.968 (0.967, 0.970) 0.923 (0.922, 0.925)

  Tertile 3 0.910 (0.908, 0.911) 0.802 (0.800, 0.804)

  P for trend < 0.001 < 0.001

Mild myopia /OR (95% CI)
Continuous 0.988 (0.987, 0.989) 0.930 (0.929, 0.931)

Categories
Tertile 1 Reference Reference

Tertile 2 0.974 (0.972, 0.975) 0.924 (0.923, 0.926)

Tertile 3 0.933 (0.931, 0.935) 0.804 (0.802, 0.806)

P for trend < 0.001 < 0.001

Moderate myopia/OR (95% CI)
Continuous 0.945 (0.944, 0.946) 0.956 (0.954, 0.958)

Categories
Tertile 1 Reference Reference

Tertile 2 0.975 (0.973, 0.978) 0.965 (0.962, 0.967)

Tertile 3 0.920 (0.917, 0.922) 0.899 (0.896, 0.902)

P for trend < 0.001 < 0.001

High myopia/OR (95% CI)
 Continuous 0.713 (0.711, 0.715) 0.646 (0.644, 0.649)

 Categories
  Tertile 1 Reference Reference

  Tertile 2 0.836 (0.833, 0.829) 0.757 (0.754, 0.761)

  Tertile 3 0.556 (0.553, 0.558) 0.442 (0.439, 0.445)

  P for trend < 0.001 < 0.001
Data were weighted estimates

In sensitivity analysis, the weight-adjusted waist index was converted from a continuous variable to a categorical variable (tertiles)
aModel 1: adjusted for sex, age and race
bModel 2: adjusted for sex, age, race, education level, body mass index, serum vitamin D level, poverty income ratio, and TV and computer use time
cSE: Spherical equivalent
dβ: effect size
e95% CI: 95% confidence interval
fOR: odds ratio



Page 7 of 11Shi et al. BMC Ophthalmology           (2024) 24:14 

was found to the left of the breakpoint (OR = 0.679, 95% 
CI: 0.512–0.899), whereas no statistically significant cor-
relation was found on the right side (OR = 0.987, 95% CI: 
0.875–1.112) (Table 4).

Discussion
The aim of this research was to evaluate the correlation 
between WWI and myopia in American adolescents 
and young adults. In our study that included 11,180 par-
ticipants, we noticed a decreased likelihood of myopia 
and high myopia among individuals with higher WWI. 

Subgroup analyses and interaction tests revealed varia-
tions in this association between different gender popu-
lations. Males showed a nonlinear correlation between 
WWI and myopia. On the right side of the breakpoint, 
there was a positive relationship, while no signifi-
cant association was found on the left side. In contrast, 
females displayed a different pattern. On the left side, 
there was a detrimental association, while the correlation 
on the right side lacked significance.

To our understanding, this study is the initial attempt 
to assess the connection between WWI and myopia; it 

Table 3 Subgroup analysis for the association between WWI and myopia or high myopia
Subgroup OR (95% CI) P for interaction
For myopia
Sex 0.108

 Male 1.026 (0.916, 1.149)

 Female 0.907 (0.824, 0.988)
Age 0.080

 < 20 years 0.970 (0.969, 0.972)
 ≥ 20 years 0.868 (0.866, 0.869)
For high myopia
Sex 0.009
 Male 1.220 (0.821, 1.812)

 Female 0.636 (0.466, 0.867)
Age < 0.001
 < 20 years 0.940 (0.936, 0.945)
 ≥ 20 years 0.501 (0.498, 0.503)
Sex, age, race, education level, body mass index, serum vitamin D level, poverty income ratio, and TV and computer use time were adjusted

In the subgroup analyses, the model was not adjusted for the stratification variable itself

OR: odds ratio; 95% CI: 95% confidence interval

Fig. 2 A linear relationship between WWI and myopia or high myopia was detected by the generalized additive model. A: Smooth curve fitting for 
weight-adjusted-waist index (WWI) and myopia. B: Smooth curve fitting for WWI and high myopia
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highlights an inverse correlation between WWI levels 
and the risk of myopia and high myopia as well as the dif-
ferences in this correlation among different gender pop-
ulations. Previous studies have predominantly focused 
on body mass index (BMI) as a measure of obesity, and 
the correlation between obesity and myopia has yielded 
inconsistent results. Some studies reported a decreased 
prevalence of myopia associated with higher BMI [15, 
16], while others have yielded contradictory findings 

[12–14]. And some studies have shown no association 
between obesity and myopia [18–20]. Interestingly, a 
recent study [28] revealed that both low weight and over-
weight were linked to higher risk of myopia and high 
myopia, with the lowest risk in healthy-weight adoles-
cents. The differences in these research findings may be 
attributed to various factors, with a crucial factor being 
the inability of traditional evaluation indicators such as 

Table 4 Threshold effect analysis of WWI on myopia using a two-piecewise linear regression model
Male Female

Fitting by standard linear model
 OR (95% CI) 1.026 (0.916, 1.149) 0.907 (0.824, 0.988)
 P value 0.656 0.046
Fitting by two-piecewise linear model
 Breakpoint (K) 10.774 10.025

 WWI < K 0.938 (0.818, 1.077)
0.366

0.679 (0.512, 0.899)
0.007

 WWI > K 1.398 (1.038, 1.884)
0.028

0.987 (0.876, 1.112)
0.829

Logarithmic likelihood ratio test P value 0.022 0.027
Sex, age, race, education level, body mass index, serum vitamin D level, poverty income ratio, and TV and computer use time were adjusted

The model is not adjusted for the stratification variable itself

OR: odds ratio; 95% CI: 95% confidence interval; WWI: weight-adjusted-waist index

Fig. 3 Nonlinear relationship between WWI and myopia in different sexes by the generalized additive model
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BMI, weight, and WC to distinguish between muscle 
mass and adipose tissue.

The WWI is a recently introduced obesity index that 
is already widely used in number of areas [29–31], and 
was identified as a more inclusive measure of obesity, 
specifically highlighting central obesity [23]. Kim et al. 
[32] found that various indicators of fat mass showed a 
positive correlation with WWI, whereas indicators of 
muscle mass exhibited a negative correlation with WWI. 
These findings have been corroborated by studies involv-
ing diverse ethnic groups, affirming the credibility and 
potential utility of WWI [24]. Notably, compared to 
some complex mathematical formulas, WWI employs a 
relatively simple calculation formula, which facilitates 
its use in routine examinations. Therefore, WWI was 
employed to evaluate the degree of authentic obesity in 
this investigation.

We observed that a higher WWI was linked to a 
reduced risk of myopia and high myopia (Fig.  2). Sen-
sitivity analysis using WWI tertiles confirmed this 
trend. However, subgroup analysis and smooth curve 
fittings revealed notable gender-specific associations 
between WWI and myopia. We found that for males, 
when WWI exceeded 10.774, the risk of myopia signifi-
cantly increased with increasing WWI. In contrast, for 
females, when WWI was below 10.025, the risk of myo-
pia decreased with increasing WWI, stabilizing after 
surpassing this threshold (Fig.  3). Therefore, consider-
ing a comprehensive perspective of controlling overall 
health risks and reducing the risk of myopia, maintaining 
a moderate WWI is of utmost importance for both men 
and women.

The underlying mechanisms of the correlation between 
WWI and myopia are not yet fully understood. Regard-
ing the relationship between weight status and myopia, 
there have been conflicting research results and various 
plausible theoretical hypotheses. First, there may be differ-
ences in environmental factors between overweight and 
normal-weight individuals, including the time spent using 
electronic devices such as televisions or computers, out-
door activity time, educational stress, family income level, 
and other factors that could potentially influence myopia [9, 
10]. Additionally, Gunes et al. [32] reported that, unlike the 
accumulation of other adipose tissues in the body, retrobul-
bar fat is constrained by the orbital space. In obese individu-
als, an increase in retrobulbar fat can slow axial growth and 
eye expansion. Therefore, obese individuals often tend to 
have a higher prevalence of hyperopia and a shorter vitre-
ous chamber. On the other hand, some researchers suggest 
that insulin resistance in obesity may be associated with the 
development of myopia. Insulin resistance leads to elevated 
insulin and insulin-like growth factor 1 (IGF-1), which is an 
effective growth stimulator and may induce scleral tissue 

growth and elongation of the eye axis, thus leading to the 
development of myopia [33, 34].

We propose that the relationship between WWI and 
myopia may be the result of the combined interaction of 
the aforementioned factors. The association between WWI 
and myopia observed in males and females differs, indi-
cating a potential gender difference in the emmetropiza-
tion mechanism. One possible explanation is the variation 
in fat distribution between males and females. Males tend 
to accumulate fat more readily in the abdominal region, 
whereas females exhibit less abdominal fat accumulation 
[35, 36]. Therefore, in females, an increase in WWI is more 
likely to lead to greater orbital fat deposition, resulting in a 
stronger inhibition of axial elongation and myopia develop-
ment. In contrast, in males, with a preferential accumulation 
of fat in the abdominal region, an increase in WWI may not 
exhibit important changes in orbital fat deposition, leading 
to less pronounced inhibition of axial elongation. Addition-
ally, in conjunction with the effect of insulin resistance, it is 
possible that this combination ultimately leads to the pro-
gression of myopia in males.

Our study has several strengths. This is the initial study 
that aims to evaluate the correlation between the novel obe-
sity index WWI and myopia and high myopia, providing a 
more in-depth exploration of the association between obe-
sity and myopia as well as analyzing the underlying factors. 
Moreover, our study is based on a large nationally represen-
tative sample with consideration of sample weights, making 
the findings widely applicable to the general population of 
the United States. Additionally, we further investigated the 
nonlinear relationship among participants of different sexes 
and identified reliable thresholds, offering new insights for 
the prevention and control of myopia.

However, this study also has some limitations. Because the 
data of our research was obtained from a public dataset with 
a cross-sectional design, we cannot establish a causal rela-
tionship between WWI and myopia. Furthermore, despite 
our efforts to account for certain variables, there may still 
be other factors that could impact the findings, including 
but not limited to parental history of myopia, age of onset 
of myopia, and outdoor activity time. Since NHANES lacks 
these data, we were unable to include these covariates, 
potentially compromising the completeness and accuracy 
of the results. We attempted to correct for outdoor activity 
time by analyzing vitamin D levels, but vitamin D levels only 
serve as an indicator of recent outdoor activity and may not 
fully reflect long-term outdoor activity [37, 38]. Third, the 
study of axial length is also meaningful for myopia research; 
however, NHANES does not include data on axial length, 
thus preventing us from analyzing the relationship between 
WWI and axial length. Additionally, the refractive data in 
NHANES is not obtained through cycloplegic refraction, 
which may result in an inaccurate assessment of myopia. 
We hope to further explore with data obtained through 
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cycloplegic refraction in future studies for a more accurate 
evaluation.

In conclusion, our study indicated that in the overall 
sample, an increase in WWI was associated with a reduced 
risk of myopia and high myopia. However, the relationship 
between WWI and myopia showed clear gender specific-
ity. In males, there was a nonlinear association of a posi-
tive nature between WWI and myopia, while in females, 
a nonlinear association of a negative nature was observed 
between WWI and myopia. In both males and females, 
WWI exhibited an important threshold effect on myopia. 
Considering the comprehensive perspective of control-
ling overall health risks and reducing the risk of myopia, 
maintaining a moderate WWI is crucial for both males and 
females.
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