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Background/Purpose: To examine ethnic disparity in prevalence and associated factors of
myopia in adolescents using the Unites States National Health and Nutrition Examination Sur-
vey (NHANES) dataset.
Methods: Participants who were aged 12e19 years were included from NHANES (1999e2008).
Logistic regression analyses were applied to identify risk factors associated with myopia after
stratification by race.
Results: A total of 9,960 participants were included in the prevalence analysis, and 6,571 in
the risk factor analysis. Other race (excluded Mexican American, other Hispanic, non-
Hispanic white, non-Hispanic black) participants had the highest frequency of myopia
(42.77%). Multivariate analyses of the whole population suggested that the odds of myopia
were significantly lower in participants with household smokers (odds ratio [OR] Z 0.79,
95% confidence interval [CI]: 0.66e0.97), and significantly greater in Mexican American race
(OR Z 1.28, 95% CI: 1.01e1.62), other Hispanic (OR Z 1.79, 95% CI: 1.10e2.92) and in partic-
ipants with senior high school graduate education (OR Z 1.79, 95% CI: 1.01e3.18), watched 2
hours of television daily (OR Z 1.27, 95% CI: 1.02e1.59), used the computer for 1 hour daily
(OR Z 1.276, 95% CI: 1.02e1.57). When examined by race/ethnicity, 1 hour of computer
use increased the odds of myopia in the non-Hispanic White group, in Mexican Americans a
higher family poverty income ratio and 2 hours of television time was associated with myopia,
and in the Other Hispanic group, a higher family poverty income ratio was associated with
myopia, while males and those with a higher sugar had a lower risk of myopia.
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Conclusion: Risk factors for myopia vary with race/ethnicity.
Copyright ª 2019, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Myopia is the most common refractive disorder, especially
in young adults. The incidence of myopia is steadily
increasing worldwide.1e5 High prevalence of myopia among
schoolchildren in East Asia and Singapore was found, which
reported around 80% of high school students are myopic in
Taiwan, some urban areas of China, and South Korea.5e7

The high prevalence of myopia is associated with signifi-
cant economic consequences on health care systems as a
result of the costs for correction, as well as social and
educational concerns.8 High myopia or pathological myopia
is associated with an increased risk of a number of poten-
tially vision threatening complications including retinal
detachment and degenerative conditions, cataracts, and
primary open-angle glaucoma.9

The exact reasons for the increase in the prevalence of
myopia remain undetermined. Genetic inheritance and
predisposition for development of myopia has been estab-
lished but does not explain the marked increase.10 Myopia
has been described to be a manifestation of insulin resis-
tance as insulin has direct ocular growth promoting ef-
fects.10 Environmental factors, included less time spent
outdoors and increased work requiring near vision, such as
working on a computer, have been reported in the associ-
ation with the development of myopia.11e14 Furthermore,
multiethnic population-based studies have also suggested
myopia prevalence varies by ethnicity.15 Asians, especially
the younger generations, show the relatively higher prev-
alence of myopia. It was possibly attributed to the near-
work demands imposed by more intensive educa-
tion.6,16,17 There were few data available to address the
myopia prevalence in the United States, and the main study
subjects were black and white.3,4

The objective of the present study was to examine
ethnic disparity in prevalence and associated risk factors of
myopia in adolescents, using data from the Unites States
National Health and Nutrition Examination Survey
(NHANES). Identification of modifiable risk factors associ-
ated with myopia in different population settings may help
to develop strategies to prevent and control myopia pro-
gression, which would benefit children and adolescences
worldwide.
Methods

Participants

The NHANES program began in the early 1960s and has been
conducted as a series of surveys focusing on different
population groups and health topics. The sample for the
NHANES survey is selected to represent the United States
population of all ages. Further information about back-
ground, design and operation are available on the NHANES
website (http://wwwn.cdc.gov/nchs/nhanes). All of the
NHANES data are de-identified, and analysis of the data
does not require Institutional Review Board approval or
informed consent by participants.

Data from the NHANES program collected from 1999 to
2008 were used for this study. A total of 60,270 participants
with completed mobile examination center (MEC) data
were identified in the NHANES database from 1999 to 2008.
Next, 50,310 participants were excluded for age <12 years,
age >19 years, and having had myopia surgery. Subse-
quently, 9,960 participants from 5 cycles (1999e2008) were
included in the prevalence rate evaluation, and 6,571
participants from 3 cycles (2001e2006) were included in
the regression model estimation. Using the NHANES sample
weight, the sample size for the prevalence rate evaluation
(n Z 9,960) was equivalent to a population-based sample
of 31,627,822 persons, and the sample size for model
estimation (n Z 6,571) was equivalent to a population of
31,680,035 persons. Among the 6,571 participants, 1,826
were non-Hispanic White (27.8%), 2,053 (31.2%) were
Mexican American, 2,191 (33.3%) were non-Hispanic Black,
233 (3.5%) were other Hispanic, and 268 (4.1%) were other
races. A flow diagram for inclusion and exclusion of par-
ticipants is shown in Fig. 1.
Measurement of myopia

All NHANES participants 12 or more years old were eligible
receive a refraction examination unless they were blind or
had a severe eye infection. A Nidek Auto Refractor (Model
ARK-760) was used to calculate the refraction of the eye,
sphere, cylinder and axis (http://www.nber.org/nhanes/
2005_2006/downloads/vix_d.pdf). The refractive status
of the eye was assessed objectively by non-cycloplegic
refraction. Three measurements of sphere and cylinder
were obtained, and averaged. Spherical equivalent
(SphEq) was computed as the sphere measurement plus
half the cylinder measurement. In this study, myopia was
defined as a SphEq value of �1.0 diopter or less in the
worse eye.4
Race/ethnicity

Race/ethnicity was included in this study as reported in the
NHANES survey and organized into 5 categories: non-
Hispanic white, Mexican American, non-Hispanic black,
other Hispanic, and other race.
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Figure 1 The flow diagram for inclusion and exclusion of participants.
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Demographic and medical data

Subject sex, age, education level (elementary, junior, se-
nior, senior graduate), and poverty income ratio (ratio of
family income to poverty threshold) were obtained from
the NHANES database. Diabetes was defined as a self-report
of have been told by a doctor or health professional that
the individual had diabetes or sugar diabetes, or the indi-
vidual was taking an anti-diabetic medication. Those who
responded “yes” were classified as having diabetes.
Physical activity

Information about hours of television or videos watched and
hours of computer use per day over the past 30 days were
obtained by the questions: “Over the past 30 days, on
average about how many hours per day did you sit and
watch TV or videos?” and “Over the past 30 days, on
average about how many hours per day did you use a
computer or play computer games?”. Hours or television or
video viewing were categorized as � 1, 2, or �3, and hours
of computer use were categorized as 0, 1, 2, and �3.
Environmental factors

Although the association of parental smoking and childhood
myopia is inconsistent, information potential exposure to
environmental tobacco smoke was included by the question
“Does anyone who lives here (in your home) smoke ciga-
rettes, cigars, or pipes anywhere inside this home?” A “yes”
answer was defined as a household smoker.

Nutrition

Dietary intake was determined by an interviewer by asking
the participant to recall all foods and beverages consumed
during the 24-hour period prior to the interview (midnight
to midnight). The interview files were imported into the
University of Texas Food Intake Analysis System (FIAS) for
coding. Dietary nutrient intake was calculated using the US
Department of Agriculture (USDA) Nutrient Database.
Detailed descriptions of the dietary interview methods are
provided in the NHANES Dietary Interviewer’s Training
Manual. Daily dietary alpha-carotene (mcg), beta-
cryptoxanthin (mcg), vitamin B2 (mg), and sugar intake
(gm) was obtained from Total Nutrient Intakes files.



Figure 2 Prevalence rate of myopia in different races during
1999e2008.
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Serum vitamin A (retinol) was analyzed using an HPLC
method performed at the CDC/NCEH in 2001e2002. In
2003e2004, serum vitamin A was analyzed using a compa-
rable HPLC method at Craft Technologies, Inc. Detailed
descriptions of blood collection and processing procedures
are provided in the NHANES Laboratory/Medical Technolo-
gists Procedures Manual or NHANES website. Serum 25-
hydroxy vitamin D (nmol/L) was measured at the National
Center for Environmental Health, CDC, Atlanta, GA using
the DiaSorin RIA kit (Stillwater, MN, USA) from 2001 to 2006.
However, from 2007 to 2010 liquid chromatography-tandem
mass spectrometry (LC-MS/MS) was used. NHANES
2001e2006 data were converted by regression analysis to
equivalent 25-hydroxy vitamin D measurements from a
standardized LC-MS/MS method. We used the LC-MS/MS-
equivalent data for the present study, which is highly rec-
ommended by the National Center for Health Statistics
(NCHS) (https://wwwn.cdc.gov/nchs/nhanes/VitaminD/
AnalyticalNote.aspx).

Statistical analysis

Categorical variables were presented as unweighted counts
and weighted percentage (%), with Rao-Scott c2-test per-
formed to evaluate differences between races. Continuous
variables were presented as weighted means and 95% con-
fidence intervals (95% CIs), with Wald’s F-test of analysis of
variance performed to examine differences between races.
Univariate and multivariate logistic regression analysis
taking into account the parameters of complex survey
design (i.e., stratification, primary sampling units, and
sample weights [for 1999e2008: 2/5*WTMEC4YR {4-year
MEC exam weight} for 1999e2002, and 1/5 * WTMEC2YR
{2-year MEC exam weight} for 2003e2008; for 2001e2006:
1/3 * WTMEC2YR {2-year MEC exam weight}] was performed
to investigate which factors were associated with myopia.
The NHANES analytical guidelines for 1999e2010 are
available at http://www.cdc.gov/nchs/data/series/sr_02/
sr02_161.pdf. Variables with a value of P < 0.05 in the
univariate analysis were selected and evaluated by
multivariate logistic regression models. All logistic
regression models were performed according to racial
groups separately.

SAS survey analysis procedures (SAS Institute Inc., Cary,
NC, USA) were used for all statistical analyses, which ac-
count for unequal probability of selection and nonresponse
of sample, in order to generate unbiased estimates with
national representativeness. A 2-tailed value of P < 0.05
indicated statistical significance. The prevalence rate was
evaluated by SAS survey analysis procedures according to
the NHANES web tutorial (https://www.cdc.gov/nchs/
tutorials/NHANES/NHANESAnalyses/DescriptiveStatistics/
Task4b.htm). Prevalence rate figures were generated by
SigmaPlot 10.0 (Systat Software Inc., San Jose, CA, USA).

Results

Prevalence of myopia by study period

The prevalence rate of myopia in different races during
1999e2007 was showed in Fig. 2. The prevalence of myopia
in non-Hispanic white participants was maintained steady
at around 30% from 1999 to 2007 (31.69%, 30.85%, 32.54%,
30.02% and 30.22%, respectively). The prevalence rate of
myopia in Mexican American participants was slightly
increasing along with years by 8% (1999e2007: 30.05%,
31.15%, 36.44%, 35.11% and 38.08%, respectively). The
prevalence rates in non-Hispanic Blacks and other Hispanics
increased from 2003 to 2004, but then declined from 2005
to 2006 (non-Hispanic Blacks: 1999e2007: 30.75%, 33.55%,
28.05%, 35.32% and 30.40%; other Hispanics: 1999e2007:
35.49%, 39.34%, 28.72%, 46.86% and 35.59%, respectively).
The prevalence rates of myopia in the other non-
categorized races was suddenly increased by 20% between
1999 and 2001, and then maintained steady from 2001 to
2007 (1999e2007: 30.34%, 46.09%, 41.45%, 40.74% and
45.28%, respectively). Overall, the prevalence rates of
myopia in the other non-categorized races was the highest
among groups.
Characteristics of study participants

Demographic and nutritional characteristics stratified by
race are described in Table 1. The statistically significant
differences between racial groups were observed in the
presence of myopia, education level, family poverty in-
come ratio, hours for television watched, hours of com-
puter use, the occurrence of household smokers, the intake
of nutrients (including vitamin B2, sugar, alpha-carotene,
and beta-cryptoxanthin) as well as serum Vitamin A and D
levels (all, P < 0.05).

Other race participants had the highest frequency of
myopia (42.77%), followed by other Hispanic (38.43%),
Mexican American (34.23%), non-Hispanic Black (32.26%),
and non-Hispanic White (31.06%) (Table 2). Non-Hispanic
whites had the highest mean family poverty income ratio
(3.01 � 0.08) and the highest percentage in senior graduate
(17.33%). More than 50% of non-Hispanic black participants
watched television for 3 hours or longer per day, which was
higher than the other racial groups. The highest frequency
of computer use for 3 hours or longer per day was the other
race group (23.67%), followed by other Hispanic (15.90%),
non-Hispanic White (15.50%), non-Hispanic Black (13.70%),
and Mexican American (8.92%). The non-Hispanic Black
group had highest frequency of household smokers (27.04%)

https://wwwn.cdc.gov/nchs/nhanes/VitaminD/AnalyticalNote.aspx
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Table 1 Demographic and nutritional characteristics stratified by race (unweighted n Z 6571, weighted n Z 31,680,035).

Total
(n Z 6571)

Non-Hispanic White
(n Z 1826)

Mexican American
(n Z 2053)

Non-Hispanic Black
(n Z 2191)

Other Hispanic
(n Z 233)

Other Race
(n Z 268)

P

Myopia 0.006*
Yes 2139 (32.67) 574 (31.06) 673 (34.23) 699 (32.26) 83 (38.43) 110 (42.77)

Sex 0.803
Male 3307 (50.98) 911 (51.05) 1008 (51.65) 1138 (50.19) 115 (48.32) 135 (53.52)
Female 3264 (49.02) 915 (48.95) 1045 (48.35) 1053 (49.81) 118 (51.68) 133 (46.48)

Age (year) 15.39 � 0.06 15.42 � 0.07 15.29 � 0.06 15.42 � 0.09 15.26 � 0.16 15.28 � 0.18 0.296
Education (grade) 0.006*
Elementary 324 (4.82) 70 (4.12) 94 (5.02) 131 (6.23) 19 (9.87) 10 (3.9)
Junior 2495 (39.02) 665 (38.14) 807 (43.0) 833 (39.67) 79 (38.48) 111 (40.16)
Senior 2679 (40.42) 738 (40.41) 841 (40.85) 896 (39.89) 101 (40.52) 103 (40.86)
Senior graduate 938 (15.74) 335 (17.33) 231 (11.13) 304 (14.21) 24 (11.14) 44 (15.09)

Family poverty income
ratio

2.6 � 0.06 3.01 � 0.08 1.78 � 0.06 1.78 � 0.08 1.96 � 0.14 2.38 � 0.18 <0.001*

Diabetes 0.728
Yes 50 (0.72) 14 (0.74) 15 (0.73) 18 (0.91) 1 (0.46) 2 (0.26)

Hours television
watched

<0.001*

�1 1740 (38.62) 612 (42.20) 537 (33.39) 450 (25.45) 57 (38.74) 84 (42.62)
2 1289 (25.33) 382 (26.61) 436 (26.85) 386 (21.48) 37 (18.57) 48 (24.05)
�3 2230 (36.04) 455 (31.19) 666 (39.76) 949 (53.07) 79 (42.69) 81 (33.33)

Hours of computer use <0.001*
0 1212 (17.91) 223 (14.79) 495 (29.58) 428 (23.94) 42 (22.59) 24 (10.11)
1 2602 (51.00) 753 (52.58) 819 (50.03) 843 (47.50) 84 (49.96) 103 (44.93)
2 759 (16.11) 249 (17.13) 184 (11.48) 266 (14.86) 19 (11.56) 41 (21.28)
�3 688 (14.98) 224 (15.50) 142 (8.92) 249 (13.70) 28 (15.90) 45 (23.67)

Household smoker <0.001*
No 5156 (78.14) 1351 (75.99) 1838 (90.24) 1565 (72.96) 187 (84.43) 215 (85.48)
Yes 1340 (21.86) 459 (24.01) 189 (9.76) 601 (27.04) 40 (15.57) 51 (14.52)

Vitamin B2 (mg) 2.25 � 0.03 2.39 � 0.05 2.12 � 0.03 1.95 � 0.03 2.12 � 0.09 1.82 � 0.08 <0.001*
Sugars intake (gm) 159.18 � 1.57 164.53 � 2.39 149.75 � 2.05 154.43 � 2.6 148.8 � 6.13 139.74 � 6.69 <0.001*
Alpha-carotene (mcg) 223.76 � 16.49 239.82 � 24.87 248.2 � 18.62 145.26 � 13.24 231.87 � 52.78 188.06 � 36.9 <0.001*
Beta-cryptoxanthin

(mcg)
139.26 � 5.9 133.09 � 8.17 160.43 � 8.05 134.58 � 6.66 209.39 � 26.16 112.26 � 17 0.004*

Serum Vitamin A (umol/
L)

1.68 � 0.01 1.75 � 0.02 1.61 � 0.02 1.47 � 0.01 1.66 � 0.04 1.62 � 0.02 <0.001*

Serum Vitamin D (nmol/
L)

63.06 � 0.95 71.08 � 0.93 53.88 � 0.97 41.24 � 0.9 58.15 � 1.65 52.74 � 2.36 <0.001*

Continuous variables were shown mean � standard error; categorical variables were shown unweighted count (weighted %).
*P < 0.05, significantly different between different race groups.

138
S.-Y.

C
h
ia
n
g
e
t
a
l.



Table 2 Univariate analysis of the associations between myopia and possible risk factors.

Total Non-Hispanic White Mexican American Non-Hispanic Black Other Hispanic Other Race

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Gender
Male 0.9 (0.76e1.05) 0.91 (0.73e1.13) 0.97 (0.78e1.2) 0.89 (0.73e1.09) 0.53 (0.29e0.98)* 1.09 (0.7e1.71)

Household smoker
Yes 0.73 (0.62e0.86)*** 0.75 (0.57e0.97)* 0.94 (0.67e1.32) 0.8 (0.67e0.96)* 0.56 (0.27e1.16) 0.61 (0.26e1.44)

Diabetes
Yes 1.6 (0.1e25.21) 1.47 (0.4e5.38) 0.89 (0.27e2.96) 0.88 (0.34e2.28)

Age (year) 1.05 (1.02e1.09)* 1.08 (1.03e1.13)** 0.99 (0.95e1.04) 1.02 (0.98e1.07) 0.99 (0.84e1.16) 1.12 (0.97e1.29)
Education (grade)
Elementary ref ref ref ref ref ref
Junior 1.48 (1.002e2.17)* 1.65 (0.94e2.89) 1.49 (0.84e2.66) 1.49 (1e2.22)* 1.57 (0.4e6.15) 0.9 (0.18e4.39)
Senior 1.57 (1.06e2.32)* 1.83 (1.03e3.27)* 1.49 (0.8e2.78) 1.45 (0.98e2.16) 1.55 (0.33e7.16) 0.96 (0.18e5.05)
Senior graduate 2.09 (1.43e3.07)*** 2.49 (1.39e4.45)** 1.6 (0.8e3.2) 1.7 (1.04e2.78)* 0.93 (0.17e5.1) 4.26 (0.8e22.63)

Family poverty income ratio 1.04 (0.99e1.1) 1.04 (0.96e1.12) 1.11 (1.01e1.22)* 1.11 (1.02e1.22)* 1.35 (1.13e1.62)** 1.01 (0.8e1.27)
Hours television watched
�1 ref ref ref ref ref ref
2 1.31 (1.07e1.61)** 1.26 (0.96e1.66) 1.39 (1.04e1.85)* 1.18 (0.9e1.55) 2.31 (0.83e6.45) 1.85 (0.63e5.55)
�3 1.04 (0.85e1.27) 0.90 (0.71e1.14) 1.26 (0.93e1.72) 1.48 (1.14e1.92)** 0.87 (0.32e2.33) 1.26 (0.58e2.72)

Hours of computer use
0 ref ref ref ref ref ref
1 1.44 (1.18e1.75)*** 1.7 (1.26e2.31)*** 1.06 (0.78e1.43) 1.09 (0.77e1.54) 1.48 (0.6e3.66) 2.47 (0.87e7.03)
2 1.36 (1.07e1.73)* 1.54 (1.04e2.28)* 1.24 (0.89e1.73) 1.34 (0.94e1.92) 1.68 (0.44e6.4) 1.36 (0.4e4.7)
�3 1.49 (1.18e1.87)*** 1.59 (1.09e2.32)* 1.31 (0.89e1.91) 1.88 (1.27e2.76)** 0.92 (0.35e2.45) 2.27 (0.76e6.74)

Serum Vitamin A (umol/L) 1.16 (0.95e1.41) 1.22 (0.92e1.61) 1.15 (0.9e1.49) 1.28 (0.95e1.72) 0.87 (0.39e1.92) 1.61 (0.72e3.61)
Serum Vitamin D (nmol/L) 0.998 (0.994e1.001) 1.001 (0.997e1.01) 0.99 (0.98e1.001) 0.992 (0.985e0.999)* 0.98 (0.96e1.01) 0.99 (0.97e1.01)
Vitamin B2 1.03 (0.98e1.09) 1.06 (0.98e1.14) 1.01 (0.93e1.09) 1.003 (0.94e1.07) 0.996 (0.77e1.3) 0.91 (0.72e1.16)
Sugar intake 0.99999

(0.9995e1.0005)
1.0006
(0.9998e1.001)

0.9992
(0.998e1.0001)

1.0005
(0.9995e1.001)

0.9976
(0.995e1.0002)

0.997
(0.994e0.9997)*

Alpha-carotene 0.99996
(0.9999e1.00003)

0.9999
(0.9998e1.00005)

1.00001
(0.9999e1.0001)

0.99999
(0.9999e1.0001)

1.0002
(0.9997e1.0008)

0.9995
(0.999e1.0002)

Beta-cryptoxanthin 1.0001
(0.9999e1.0003)

1.0001 (0.9998e1.0004) 0.9998
(0.9995e1.0001)

1.0003
(0.9999e1.0006)

0.9997
(0.999e1.0004)

1.0005
(0.999e1.002)

Race
Non-Hispanic White ref
Mexican American 1.15 (0.97e1.38)
Other Hispanic 1.38 (0.93e2.06)
Non-Hispanic Black 1.06 (0.88e1.27)
Other Race 1.66 (1.17e2.35)**

CI, confidence interval; OR, odds ratio.
*P < 0.05, **P < 0.01, ***P < 0.001, significantly associated with myopia.
Since only 1 subject in the other Hispanic group and 2 participants in the other race group had diabetes, diabetes was not included in model for these 2 race groups.
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than other racial groups. The mean of serum Vitamin A and
D levels, as well as the intake of vitamin B2 and sugar were
higher in non-Hispanic white group compared to other
racial groups. Mexican Americans had the highest alpha-
carotene intake, and other-Hispanics consumed the great-
est amount of beta-cryptoxanthin.

Risk factors associated with myopia in the whole
study population

Univariate analyses were performed to evaluate the asso-
ciation between prevalence of myopia and different risk
factors in the whole study population (Table 2). Results
suggested that household smoker, age, education, hours of
television watched, hours of computer use, and race were
significantly associated with myopia. Age, junior education
and above levels, 2 hours of television watched, 1 to �3 hr
of computer use, and other race had higher odds in asso-
ciation with the presence of myopia. However, the pres-
ence of household smoker had significantly lower odds in
the association with myopia.

After adjustment of confounding variables that were
significant in the corresponding univariate analysis, multi-
variate logistic regression analyses revealed that household
smoker, education, hours of television watched, hours of
computer use, and race were significantly associated with
myopia in the whole population (Table 3). Senior graduate
(OR Z 1.79, 95%CI: 1.01e3.18), 2 hours of television
watched (OR Z 1.27, 95%CI: 1.02e1.59), 1 hr of computer
use (OR Z 1.27, 95%CI: 1.02e1.57), Mexican American
(OR Z 1.28, 95%CI: 1.01e1.62) and other Hispanic
(OR Z 1.79, 95%CI: 1.10e2.92) had higher odds in associ-
ation with the presence of myopia. However, the presence
of household smoker (OR Z 0.79, 95%CI: 0.66e0.97) had
significantly lower odds in the association with myopia.

Risk factors associated with myopia stratified by
racial groups

As shown in Table 2, the Results of univariate analyses
suggested that household smoker, age, senior and senior
graduate, hours of computer use were significantly associ-
ated with myopia in Non- Hispanic White group. In Mexican
American group, only family poverty income ratio and hours
of computer use had significantly higher odds in association
with myopia. In Non-Hispanic Blacks group, household
smoker, junior and senior graduate, with �3 hours of
television watched, with �3 hours of computer use, and
serum vitamin D level had significant association with
myopia. Both gender and family poverty income ratio in the
other Hispanic group had significantly greater odds in hav-
ing myopia. Only sugar intake in the other race group had
significantly higher odds in having myopia.

Furthermore, multivariate logistic regression was per-
formed to evaluate the association between prevalence of
myopia and various racial groups after adjusting for con-
founding variables that were significant in the correspond-
ing univariate analyses (Table 3). The non-Hispanic White
group with 1 hour of computer use had significantly higher
odds of having myopia (OR Z 1.48, 95% CI: 1.04e2.10). In
the Mexican American group, participants with a higher
family poverty income ratio had significantly higher odds of
having myopia (OR Z 1.12, 95% CI: 1.03e1.23), and those
with 2 hours of television time had a higher odds of myopia
(OR Z 1.42, 95% CI: 1.04e1.96) (Table 3). In the Other
Hispanic group, a higher family poverty income ratio was
associated with higher odds of having myopia (OR Z 1.41,
95% CI: 1.10e1.81). However, males had a lower odds of
having myopia (OR Z 0.38, 95% CI: 0.21e0.69) and higher
sugar intake was associated with a lower odds of having
myopia (OR Z 0.99, 95% CI: 0.99e1.00) (Table 3).
Discussion

This study used a United States national database to
examine the prevalence and risk factors of myopia based on
race/ethnicity. Overall, the presence of household smokers
was associated with a decreased risk of myopia, while
higher education level, greater hours of television watch-
ing, and greater hours of computer use were associated
with increased risk of myopia. The odds of myopia devel-
opment were the highest in other races and followed by
other Hispanic and Mexican Americans groups. When
stratified by race, a greater number of hours of computer
use was associated with risk of myopia in Whites. In Mexican
Americans, a higher family poverty income ratio and 2
hours of watching television were associated with increased
risk of myopia. In the other Hispanic group, a high family
poverty income ratio was associated with increased risk of
having myopia, while being male and having a higher sugar
intake were associated with a lower risk of having myopia.

Genetic and cultural factors might be the most common
factors among several possible explanations for our findings
related to the race/ethnicity disparities in the prevalence
of myopia. Several family-based studies had shown there
was a high heritability of high myopia suggesting a definite
genetic basis for high myopia. More than 25 candidate
genes of high myopia have been reported.18 For examples,
the insulin-like growth factor 1 polymorphism has been
reported to be a candidate genetic risk factor for high
myopia in Chinese and Japanese.18,19 Hepatocyte growth
factor and hepatocyte growth factor receptor genes have a
strong association with the myopia in Asians.20 Another
explanation for the racial disparities may be income. It is
likely that many low-income participants were unable to
afford the recommended glasses or contact lenses after the
ophthalmic evaluation. A study based on 2008 NHIS data-
base reported the higher rates of being unable to afford
eyeglasses when needed among participants of Hispanic
(26.7%) race/ethnicity than in non-Hispanic black (15.3%)
and non-Hispanic white (16.0%) race/ethnicity.21

Myopia has become a worldwide health problem, and
identification of factors, particularly modifiable factors,
associated with the development of myopia has the po-
tential to reduce the prevalence and burden on healthcare
systems. A number of factors have been associated with the
development of myopia and some of these factors were also
identified by this study. Risk factors associated with myopia
had been reported included higher socioeconomic back-
ground, shorter distance between computer screen or book
when reading, hours of computer use per day, watching
television and hours of outdoor activity.11,14,22,23 A study



Table 3 Multivariate logistic regression analysis evaluating the association between myopia and race after adjusting for confounding variables.

Total Non-Hispanic White Mexican American Non-Hispanic Black Other Hispanic Other Race

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Gender
Male 0.89 (0.74e1.08) 0.93 (0.71e1.21) 1.01 (0.77e1.32) 0.86 (0.66e1.01) 0.38 (0.21e0.69)** 1.22 (0.52e2.87)

Household smoker
Yes 0.79 (0.66e0.97)* 0.74 (0.55e1.01) 0.92 (0.63e1.34) 0.81 (0.63e1.05) 1.16 (0.39e3.45) 0.99 (0.35e2.84)

Age (year) 1.03 (0.95e1.12) 1.07 (0.94e1.22) 0.93 (0.87e1.01) 1.01 (0.92e1.10) 0.95 (0.65e1.38) 0.87 (0.59e1.29)
Education (grade)
Elementary Ref ref ref ref ref ref
Junior 1.32 (0.87e2.00) 1.53 (0.94e1.22) 1.37 (0.70e2.68) 1.31 (0.76e2.26) 0.71 (0.17e2.86) 0.89 (0.15e5.54)
Senior 1.24 (0.74e2.09) 1.24 (0.54e2.86) 1.88 (0.92e3.85) 1.19 (0.60e2.36) 0.87 (0.09e7.87) 1.48 (0.09e25.53)
Senior graduate 1.79 (1.01e3.18)* 1.55 (0.58e4.09) 2.01 (0.86e4.74) 1.62 (0.72e3.63) 1.04 (0.06e19.22) 19.53 (0.69e555.25)

Family poverty income ratio 1.02 (0.96e1.08) 0.94 (0.86e1.03) 1.12 (1.03e1.23)* 1.10 (0.99e1.22) 1.41 (1.10e1.81)** 1.11 (0.82e1.59)
Hours television watched
�1 ref ref ref ref ref ref
2 1.27 (1.02e1.59)* 1.22 (0.90e1.64) 1.42 (1.04e1.96)* 1.06 (0.78e1.43) 1.94 (0.65e5.77) 2.00 (0.65e6.18)
�3 1.05 (0.87e1.27) 0.97 (0.74e1.26) 1.32 (0.96e1.81) 1.31 (0.99e1.74) 0.99 (0.31e2.64) 1.31 (0.56e3.05)

Hours of computer use
0 ref ref ref ref ref ref
1 1.27 (1.02e1.57)* 1.48 (1.04e2.10)* 0.96 (0.73e1.27) 0.98 (0.70e1.37) 1.12 (0.51e2.49) 1.69 (0.45e6.39)
2 1.23 (0.96e1.59) 1.36 (0.93e1.97) 1.10 (0.78e1.54) 1.14 (0.78e1.66) 1.19 (0.27e5.34) 1.22 (0.26e5.74)
�3 1.25 (0.96e1.63) 1.34 (0.87e2.05) 1.05 (0.65e1.69) 1.42 (0.95e2.12) 0.65 (0.21e2.02) 1.39 (0.41e4.77)

Serum Vitamin D (nmol/L) 1.00 (0.99e1.01) 1.00 (0.99e1.01) 0.99 (0.98e1.00) 0.99 (0.99e1.00) 0.98 (0.96e1.01) 0.99 (0.98e1.02)
Sugar intake 1.00 (1.00e1.00) 1.00 (1.00e1.00)* 0.99 (0.99e1.00) 1.00 (0.99e1.00) 0.99 (0.99e1.00)* 1.00 (0.09e1.01)
Race
Non-Hispanic White ref
Mexican American 1.28 (1.01e1.62)*
Other Hispanic 1.79 (1.10e2.92)*
Non-Hispanic Black 1.10 (0.85e1.43)
Other Race 1.48 (0.99e2.23)

CI, confidence interval; OR, odds ratio.
*P < 0.05, **P < 0.01, ***P < 0.001, significantly associated with myopia.
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reported by Qiu et al. suggested that Mexican American and
non-Hispanic black race/ethnicities were the highest risk
for myopia associated with their socioeconomic strata. Low
annual household income and low education level may
prevent adults from accessing and maintaining routine eye
care for their children.24 Reading and exposure to artificial
light during childhood are environmental factors that in-
crease the risk for the occurrence and development of
myopia. It was established that better educational level is a
possible risk factor for myopia with students.25 A study in
Poland had found that writing, reading, and working on a
computer leads to a higher prevalence of myopia; however,
watching television does not influence the prevalence of
myopia.26 Kinge et al. also suggested that watching TV has
no impact on myopia progression.27 For environmental
protecting factors, studies have shown that increased out-
door time has a protective effect against the development
of myopia.22,28,29

We found there was no association between nutrition
and myopia in our study, except for sugar intake was
associated with myopia in the non-Hispanic white and other
race group. The energy intake, protein, fat, vitamins B1, B2
and C, phosphorus, iron, and cholesterol has been reported
to have an association with myopia.30 In addition, many
studies have suggested a strong association between
vitamin D levels and myopia. Teen and young adults with
myopia had lower average vitamin D levels had been re-
ported.31 A study of the Korea NHANES (KNHANES) found
that myopia development was associated with low serum
vitamin D level after adjustment for confounding factors
such as residence, parental income, total energy intake,
dietary calcium intake, and smoking experience.17

The current study found an unusual inverse relation
between myopia and household tobacco smoke exposure;
increased exposure to tobacco smoke appeared to have a
protective effect against the development of myopia. This
finding is consistent with the results of the Strabismus,
Amblyopia, and Refractive errors in Singaporean children
(STARS) study.32 The STARS study reported that maternal
history of ever smoking, smoking during a child’s life, and
smoking during pregnancy were associated with a
decreased OR of developing childhood myopia (OR Z 0.05,
0.39, 0.30, respectively). Paternal history of smoking was
also associated with a decreased odds of childhood myopia
(OR Z 0.72). The authors concluded that the results sug-
gest that study of the role of nicotinic acetylcholine re-
ceptor pharmacology with respect to ocular development is
necessary to understand the findings. However, some
studies had found that there was no consistent evidence of
association between secondhand smoking and myopia.16

We did not examine sleep duration in the current study.
Prior study, however, has found an inverse relation be-
tween sleep duration and myopia. An analysis of the
KNHANES database by Jee et al.33 found the adjusted OR for
myopia was decreased in subjects 12e19 years of age with
>9 hours of sleep per night (OR Z 0.59, 95% CI: 0.38e0.93,
P for trend Z 0.006) as compared with those with <5 hours
of sleep. No association, however, was found between high
myopia and sleep duration. As in this study, prior studies
have reported associations between education level and
income level and myopia.34,35
There are several limitations of this study. We utilized a
survey database that was representative of the population
of the United States, and hence the findings are likely
generalizable to the overall United States population. The
study was cross-sectional rather than longitudinal in design,
and thus causality cannot be established. The presence of
diabetes, a household smoker, and sedentary behavior
(hours watching television or using a computer) were
determined by patient self-report, and thus subject to
potential error. Non-cycloplegic autorefractor for myopia
assessment may not be very accurate since the effect of
accommodation in adolescents was not excluded. The use
of cycloplegic medication was also not specified in NHANES
database before refracting the subjects. These might lead
to classification bias in this study. Finally, some important
factors such as parental myopia were not analyzed which
may lead to some residual confounding.
Conclusions

This study confirmed the results of other studies of poten-
tially modifiable risk factors for the development of
myopia. Importantly, the results showed that risk factors
varied by race/ethnicity. We believe the main reasons for
the different results of this study and other prior studies
are that different populations (race/ethnicity) were
studies. Different races and ethnicities have different cul-
tural norms and habits, which contributes to varied find-
ings. These findings may help to tailor public health
strategies for reduction of myopia by targeting risk factors
based on race/ethnicity.
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