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Objective: To compare US population prevalence es-
timates for myopia in 1971-1972 and 1999-2004.

Methods: The 1971-1972 National Health and Nutri-
tion Examination Survey provided the earliest nation-
ally representative estimates for US myopia prevalence;
myopia was diagnosed by an algorithm using either lens-
ometry, pinhole visual acuity, and presenting visual acu-
ity (for presenting visual acuity �20/40) or retinoscopy
(for presenting visual acuity �20/50). Using a similar
method for diagnosing myopia, we examined data from
the 1999-2004 National Health and Nutrition Examina-
tion Survey to determine whether myopia prevalence had
changed during the 30 years between the 2 surveys.

Results: Using the 1971-1972 method, the estimated
prevalence of myopia in persons aged 12 to 54 years was

significantly higher in 1999-2004 than in 1971-1972
(41.6% vs 25.0%, respectively; P� .001). Prevalence es-
timates were higher in 1999-2004 than in 1971-1972 for
black individuals (33.5% vs 13.0%, respectively; P� .001)
and white individuals (43.0% vs 26.3%, respectively;
P� .001) and for all levels of myopia severity (�−2.0 di-
opters [D]: 17.5% vs 13.4%, respectively [P� .001]; �−2.0
to �−7.9 D: 22.4% vs 11.4%, respectively [P� .001];
�−7.9 D: 1.6% vs 0.2%, respectively [P� .001]).

Conclusions:Whenusingsimilarmethodsforeachperiod,
the prevalence of myopia in the United States appears to be
substantiallyhigherin1999-2004than30yearsearlier. Iden-
tifying modifiable risk factors for myopia could lead to the
development of cost-effective interventional strategies.
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M YOPIA, OR NEARSIGHT-
edness, is a common
condition1 in which the
image of an object seen
in the distance is fo-

cused anterior to the retina and is conse-
quently out of focus when it reaches the
retina. Blurred vision caused by myopia can
be treated by corrective lenses (eyeglasses
or contact lenses) or refractive surgery.

Thecauseofrefractiveerrorisnotknown,
butit is likelyduetobothenvironmentaland
genetic factors.2,3 In the earliest report from
anationally representative sampleof theUS
population,theprevalenceofmyopiawases-
timated to be 25% in persons aged 12 to 54
years.4 Recently, several studies have docu-
mented an increased prevalence of myopia
in younger birth cohorts,5,6 suggesting that
environmental risk factors for myopia may
have become more prevalent. In particular,
studies in Asian populations have reported
epidemicsofmyopiainyoungergenerations,
possiblyattributedtothenear-workdemands
imposed by more intensive education.3,6

Few data are available to address the
question of whether myopia prevalence is
increasing in the United States. We used
data from the ongoing National Health and

Nutrition Examination Survey (NHANES)
to explore whether the prevalence of myo-
pia was similar for persons aged 12 to 54
years in 1971-1972 and persons of the
same ages examined in 1999-2004. Our
previously reported estimates7 of the preva-
lence of myopia in the United States in
1999-2004 were based on objective re-
fraction measurements obtained from all
1999-2004 NHANES participants aged 12
years and older. However, in the 1971-
1972 NHANES,4 objective refraction mea-
surements were obtained only if present-
ing visual acuity (VA) was 20/50 or worse.
Consequently, the myopia prevalence re-
ported for 1971-1972 was based on lens-
ometry and algorithms using pinhole
VA and presenting VA (for presenting VA
�20/40) or retinoscopy (for presenting
VA �20/50). The goal of the current study
was to derive alternative estimates of
myopia prevalence from the 1999-2004
NHANES data by applying the same meth-
ods used in 1971-1972. These alternative
estimates were computed solely to allow
valid comparisons with the 1971-1972
report and are not intended as a substi-
tute for our previously reported values.7
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METHODS

The NHANES is an ongoing, nationally representative survey
of the US civilian, noninstitutionalized population conducted
by the National Center for Health Statistics, Centers for Dis-
ease Control and Prevention.8,9 Participants are interviewed in
their homes and subsequently undergo a comprehensive ex-
amination in a mobile examination center.8

OCULAR EXAMINATION

1971-1972

In 1971-1972,10,11 eye examinations for participants aged 4 years
and older were performed. These included monocular dis-
tance VA measurement while wearing current distance correc-
tion (if any), a pinhole test to approximate corrected VA if pre-
senting VA was worse than 20/20, and detailed retinoscopy only
for eyes with presenting VA of 20/50 or worse.12

1999-2004

In 1999-2004, vision examinations were conducted for partici-
pants aged 12 years and older using an autorefractor (Nidek ARK-
760; Nidek Co, Ltd, Tokyo, Japan). The chart in the autorefrac-
tor was used to measure presenting VA separately for each eye
with the participant wearing his or her usual distance vision cor-
rection. Corrective lenses were then removed and the autore-
fractor obtained 3 separate measurements of sphere, cylinder,
and axis, which were automatically averaged to arrive at the fi-
nal refraction measurements. For eyes with presenting VA of 20/30
or worse, the chart in the autorefractor was used to remeasure
VA, this time with the aid of a correction determined by the fi-
nal automated refraction measurements for that eye.

INFORMED CONSENT

1971-1972

Consent was obtained in a manner consistent with human sub-
jects review standards in 1971-1972.13 Study representatives vis-
iting the households of potential participants described study
proceduresandansweredquestionsabout thestudy’spurposeand
potential risks and benefits of participation.12 Written consent by
parentsorguardianswasobtainedforparticipantswhowereminors.

1999-2004

The 1999-2004 NHANES was reviewed and approved by the
National Center for Health Statistics Research Ethics Review
Board. All participants (or parents or guardians of minors) gave
written informed consent after receiving a description of the
study and potential risks of participation.

RACE/ETHNICITY

1971-1972

In 1971-1972, race was determined by the interviewer’s obser-
vation or, if the interviewer could not ascertain race, by asking
the participant. Hispanic status was not assessed.

1999-2004

All participants were asked to report their ethnicity and race
in 1999-2004.14 For comparison with 1971-1972 data, we used

data from only non-Hispanic black and non-Hispanic white par-
ticipants (hereafter denoted black and white, respectively) in
the 1999-2004 NHANES.

DEFINITION OF MYOPIA

1971-1972

The following algorithm was used to classify right eyes as my-
opic or nonmyopic in the NHANES data collected in 1971-
1972 (Figure 1). Presenting VA was measured using the par-
ticipant’s current distance vision correction if available.

If presenting VA was 20/20 or better, corrective lens status
(for distance) was used to classify the eye as myopic or non-
myopic. If corrective lenses were worn, lensometry was per-
formed and the eye was classified as myopic if the spherical
equivalent measurement was less than 0 diopters (D) or as non-
myopic if the spherical equivalent measurement was 0 D or
higher. If no corrective lenses were worn, the eye was consid-
ered to be nonmyopic.

If presenting VA was 20/25 to 20/40, both corrective lens
status and estimated best VA (from pinhole testing) were used
to classify the eye as myopic or nonmyopic and to determine
the severity of the myopia. If corrective lenses were worn, lens-
ometry was performed and the eye was classified as myopic if
the spherical equivalent measurement was less than 0 D or as
nonmyopic if the spherical equivalent measurement was 0 D
or higher. The VA was remeasured using a pinhole to approxi-
mate best-corrected VA. If the lensometry spherical equiva-
lent was less than 0 D and VA improved with pinhole, a cor-
rection factor based on the difference between presenting and
pinhole VAs15 was applied to the lensometry spherical equiva-
lent value to estimate the severity of myopia. If VA did not im-
prove with pinhole, the lensometry spherical equivalent was
used to estimate the severity of myopia without using a cor-
rection factor. If no corrective lenses were worn and VA im-
proved with pinhole, the eye was classified as unknown (ie, had
refractive error but could not be classified as myopic or non-
myopic). If no corrective lenses were worn and VA did not im-
prove (or stayed the same) with pinhole, the eye was classified
as nonmyopic.

If presenting VA was 20/50 or worse, retinoscopy was per-
formed. If the spherical equivalent objective refraction was less
than 0 D, the eye was classified as myopic. If the spherical equiva-
lent measurement was 0 D or higher, the eye was classified as
nonmyopic.

Data from right eyes with a history of cataract surgery were
treated as missing values in the analyses.

1999-2004

Although most participants in the 1999-2004 NHANES had re-
fractions, for comparative purposes we classified right eyes as
myopic or nonmyopic applying a method as similar as pos-
sible to that used in 1971-1972 (Figure 1), with the following
differences in 1999-2004. Estimated best VA was obtained from
remeasurement of VA aided by a correction determined by the
final automated refraction measurements rather than from pin-
hole VA. The VA was not remeasured with the aid of the au-
torefractor for eyes with presenting VA of 20/25; if no correc-
tive lenses were worn, these eyes were classified as nonmyopic.
Objective refraction was measured by autorefraction, not reti-
noscopy. Objective refraction values were substituted for lens-
ometry for participants who wore contact lenses (ie, lensom-
etry was not performed on contact lenses). Data from eyes with
a history of refractive or cataract surgery were treated as miss-
ing values in the analyses.
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MYOPIA SEVERITY

The severity of myopia was based on the spherical equivalent
value (in diopters) obtained from objective refraction or lens-
ometry and adjusted by a correction factor.15 Myopia severity
was classified as in the 1971-1972 article4: mild, less myopic
than −2.0 D; moderate, −2.0 D to less myopic than −7.9 D; and
severe, −7.9 D or more myopic.

STATISTICAL ANALYSES

The NHANES participants were selected based on a multi-
stage probability sample design using oversampling within se-
lected age and race/ethnicity subgroups to estimate preva-
lence with a specified precision.16 The selection probabilities
are used to compute sampling weights,17,18 which must be in-
corporated into analyses to obtain estimates and unbiased stan-
dard errors19,20 reflective of the US population’s demographic
characteristics. We used SUDAAN version 9.0.0 statistical soft-
ware (Research Triangle Institute, Research Triangle Park, North
Carolina) to compute weighted prevalence estimates.21

RESULTS

In the 1971-1972 NHANES, 5282 persons aged 12 to 54
years were examined and 4436 (84.0%) had sufficient in-
formation to classify the myopia status of the right eye.
Individuals with insufficient data for classification were
more likely to wear distance vision correction and to have
decreased VA than were those who could be classified.4

A total of 9609 black and white participants aged 12
to 54 years participated in the 1999-2004 NHANES ex-

amination; of these, 8339 (86.8%) had sufficient infor-
mation to classify their right eye as myopic or nonmyo-
pic using the 1971-1972 algorithm. Reasons for missing
information on myopia status for the right eye included
incomplete vision examination data due to lack of time,
refusal, or equipment malfunction (n=533), history of
cataract surgery (n=22), history of refractive surgery
(n=89), missing lensometry data (n=15), and unclassi-
fiable status (as defined in 1971-1972: presenting VA of
20/30-20/40, no corrective lenses, and improvement in
VA with an autorefractor aid [n=626]).

Persons with insufficient information for myopia clas-
sification as compared with those whose myopia status
could be classified were significantly more likely to be
female (54.0% vs 50.1%, respectively; P= .02), black
(19.8% vs 15.0%, respectively; P=.008), and aged 45 to
54 years (27.0% vs 24.2%, respectively; P=.06).

AGE AND RACE

The prevalence of myopia for individuals aged 12 to 54
years was statistically significantly higher in 1999-2004
than in 1971-1972 (41.6% vs 25.0%, respectively;
P� .001) (Table 1). For black participants, the preva-
lence of myopia in 1999-2004 was at least twice as high
as in 1971-1972 for nearly all age groups; all differences
were statistically significant (Figure 2). For white par-
ticipants, the 1999-2004 prevalence rates were 30.3%
higher (for those aged 12-24 years; P� .001 for those aged
12-17 years and P=.003 for those aged 18-24 years) to
80.8% higher (for those aged 25-54 years; P� .001 for
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Figure 1. Myopia classification. The percentage of participants in each category is indicated for both 1971-1972 and 1999-2004. Participants with presenting
visual acuity (VA) of 20/25 did not have VA remeasured with autorefractor correction in 1999-2004; if they had no corrective lenses, they were classified as
nonmyopic. D indicates diopters.
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those aged 25-34, 35-44, and 45-54 years) than the cor-
responding 1971-1972 rates.

SEX

The prevalence of myopia was statistically significantly
higher in 1999-2004 than in 1971-1972 for both females
(45.8% vs 27.1%, respectively; P� .001) and males (37.4%
vs 22.8%, respectively; P�.001) (Table2 and Figure3).

SEVERITY OF MYOPIA

The prevalence of mild myopia (Table 3 and Figure 4)
was statistically significantly higher in 1999-2004 than
in 1971-1972 (17.5% vs 13.4%, respectively; P� .001).
The prevalence of moderate myopia was statistically sig-
nificantly higher in 1999-2004 than in 1971-1972 (22.4%
vs 11.4%, respectively; P� .001); for individuals aged 25
years and older, the 1999-2004 rates were more than
double those of 1971-1972 (P� .001). Overall and for
individuals aged 18 to 54 years, the 1999-2004 preva-
lence of severe myopia was higher than that in 1971-
1972 (overall: 1.6% vs 0.2%, respectively; P� .001); how-
ever, no difference was noted for individuals aged 12 to
17 years (P=.36) (Table 3).

Table 1. Prevalence of Myopia by Race/Ethnicity and Age
in the 1971-1972 and 1999-2004 National Health
and Nutrition Examination Survey

Race/Ethnicity
and Age, y

Prevalence of Myopia, % (95% CI)

P Value1971-1972 1999-2004

Black
12-17 12.0 (6.6-17.4) 31.2 (28.1-34.2) �.001
18-24 10.4 (5.4-15.4) 35.2 (31.0-39.4) �.001
25-34 12.3 (5.3-19.3) 30.8 (25.7-35.9) �.001
35-44 14.8 (7.2-22.4) 35.6 (31.1-40.1) �.001
45-54 17.3 (3.1-31.5) 34.3 (28.6-39.9) .01
Total 13.0 (9.4-16.6) 33.5 (31.0-36.0) �.001

White
12-17 25.8 (22.2-29.4) 34.5 (30.8-38.2) �.001
18-24 29.7 (24.5-34.9) 38.7 (34.5-42.8) .003
25-34 25.6 (22.0-29.2) 46.3 (42.3-50.4) �.001
35-44 24.9 (20.3-28.5) 44.1 (40.5-47.8) �.001
45-54 25.5 (20.9-30.1) 46.2 (42.3-50.1) �.001
Total 26.3 (23.9-28.7) 43.0 (41.0-45.0) �.001

Black and white
12-17 24.0 (20.8-27.2) 33.9 (30.8-37.0) �.001
18-24 27.7 (23.5-31.9) 38.1 (34.6-41.6) �.001
25-34 24.2 (21.0-27.4) 44.0 (40.3-47.7) �.001
35-44 24.5 (20.5-28.5) 42.9 (39.8-46.1) �.001
45-54 24.8 (20.4-29.2) 44.8 (41.0-48.6) �.001
Total 25.0 (22.8-27.2) 41.6 (39.8-43.4) �.001

Abbreviation: CI, confidence interval.
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Figure 2. Prevalence of myopia among black participants (A) and white participants (B), comparing National Health and Nutrition Examination Survey data from
1971-1972 vs 1999-2004. P values are in comparison with the 1971-1972 data for the same age group.

Table 2. Prevalence of Myopia by Sex and Age
in the 1971-1972 and 1999-2004 National Health
and Nutrition Examination Survey

Sex and Age, y

Prevalence of Myopia, % (95% CI)

P Value1971-1972 1999-2004

Female
12-17 26.4 (20.8-32.0) 37.0 (33.7-40.2) �.001
18-24 32.5 (26.3-38.7) 46.4 (41.3-51.6) �.001
25-34 27.8 (23.0-32.6) 49.1 (44.0-54.2) �.001
35-44 23.2 (20.0-26.4) 47.4 (43.7-51.2) �.001
45-54 25.1 (20.7-29.5) 45.8 (41.1-50.4) �.001
Total 27.1 (24.7-29.5) 45.8 (43.2-48.3) �.001

Male
12-17 21.7 (17.5-25.9) 30.9 (27.0-34.8) �.001
18-24 22.5 (17.3-27.7) 29.7 (25.8-33.6) .01
25-34 20.2 (15.8-24.6) 38.9 (34.5-43.4) �.001
35-44 26.1 (18.7-33.5) 38.4 (34.2-42.5) .002
45-54 24.4 (19.2-29.6) 43.8 (39.1-48.6) �.001
Total 22.8 (19.8-25.8) 37.4 (35.6-39.3) �.001

Abbreviation: CI, confidence interval.
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YEARS OF FORMAL EDUCATION

The prevalence of myopia in persons with 12 or more
years of formal education (Table 4 and Figure 5) was
25.7% to 59.8% higher in 1999-2004 than in 1971-1972
(P� .05).

DISTRIBUTION OF SPHERICAL EQUIVALENT

For a spherical equivalent of −2.0 or more myopic, the
1999-2004 prevalence exceeded that of 1971-1972
(Figure 6A).

COMMENT

The goal of this study was to examine whether the preva-
lence of myopia in the United States had changed dur-
ing the 30 years between the 1971-1972 and 1999-2004
NHANES. To allow a valid comparison between the 2 sur-
veys, the method for diagnosing myopia in the earlier
study was applied to data from the later study. Because
the estimates of myopia prevalence reported here were
mainly derived for comparison purposes, they are not in-
tended as a substitute for our previously reported val-
ues,7 which were based on objective refractions of the
1999-2004 cohort.

We found that the prevalence of myopia was 66.4%
higher among participants aged 12 to 54 years in the 1999-
2004 NHANES than in the 1971-1972 NHANES (41.6%
vs 25.0%, respectively; P� .001). Differences in preva-
lence were particularly striking for black participants, for
whom the 1999-2004 estimates were more than double
the rates of the earlier study. In white participants, the
1999-2004 rates were 63.5% higher than those in 1971-
1972. Males and females had prevalence estimates in 1999-
2004 that were 64.0% and 69.0% higher, respectively, than

70

50

60

30

40

20

10

0
12-17

P < .001

18-24

P < .001

25-34 35-44

P < .001
P < .001

45-54

P < .001

Age, y

Pr
ev

al
en

ce
, %

A
70

50

60

30

40

20

10

0
12-17

P = .01

18-24

P < .001

25-34

P < .001

35-44

P = .002

45-54

P < .001

Age, y

B

1999-2004
1971-1972

Figure 3. Prevalence of myopia among females (A) and males (B), comparing National Health and Nutrition Examination Survey data from 1971-1972 vs
1999-2004. P values are in comparison with the 1971-1972 data for the same age group.

Table 3. Prevalence of Myopia by Severity and Age
in the 1971-1972 and 1999-2004 National Health
and Nutrition Examination Survey

Myopia Severity,
and Age, ya

Prevalence of Myopia, % (95% CI)
P

Value1971-1972 1999-2004

All levels
12-17 24.0 (20.8-27.2) 33.9 (30.8-37.0) �.001
18-24 27.7 (23.5-31.9) 38.1 (34.6-41.6) �.001
25-34 24.2 (21.0-27.4) 44.0 (40.3-47.7) �.001
35-44 24.5 (20.5-28.5) 42.9 (39.8-46.1) �.001
45-54 24.8 (20.4-29.2) 44.8 (41.0-48.6) �.001
Total 25.0 (22.8-27.2) 41.6 (39.8-43.4) �.001

Spherical equivalent
�−2.0

12-17 11.1a 16.9 (14.8-19.0) �.001
18-24 11.7a 16.8 (13.8-19.8) .008
25-34 13.1a 17.0 (14.8-19.3) .007
35-44 15.9a 15.9 (13.5-18.2) .51
45-54 15.8a 20.6 (18.1-23.1) .003
Total 13.4a 17.5 (16.2-18.9) �.001

Spherical equivalent
�−2.0 to �−7.9 D

12-17 12.5a 16.7 (14.4-19.0) .005
18-24 15.8a 19.9 (16.3-23.4) .05
25-34 10.7a 24.7 (21.6-27.8) �.001
35-44 8.4a 24.6 (21.8-27.4) �.001
45-54 8.9a 23.1 (19.3-26.8) �.001
Total 11.4a 22.4 (20.7-24.1) �.001

Spherical equivalent
�−7.9 D

12-17 0.4a 0.3 (0.1-0.6) .36
18-24 0.3a 1.4 (0.6-2.3) .02
25-34 0.3a 2.2 (1.2-3.2) .004
35-44 0.2a 2.4 (1.5-3.3) �.001
45-54 0.0a 1.1 (0.6-1.7) .002
Total 0.2a 1.6 (1.3-2.0) �.001

Abbreviations: CI, confidence interval; D, diopters.
aP values were computed using the 1999-2004 standard error for both

1971-1972 and 1999-2004.
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those in 1971-1972. The prevalence of mild myopia was
significantly higher in the later study than in the earlier
study (17.5% vs 13.4%, respectively; P� .001), as was the
prevalence of moderate myopia (22.4% vs 11.4%, respec-
tively; P� .001). The prevalence of severe myopia is low
but apparently increased between the 2 study periods
(0.2% in 1971-1972 vs 1.6% in 1999-2004; P� .001).

The difference between the 1971-1972 and 1999-
2004 prevalence rates was greater for black participants
than for white participants. Black participants surveyed
in 1971-1972 may have had less access to educational
opportunities than white participants and consequently
experienced less exposure to near work (a risk factor for
myopia22). As racial inequities in educational opportu-
nities decreased, near-work exposure may have in-
creased relatively more in black participants than in white
participants.

Previous studies have reported associations between
years of formal education and myopia.5,23-25 The higher
1999-2004 prevalence rates might be explained by an in-
creased proportion of persons with 12 or more years of
formal education. However, among persons with 12 or

more years of formal education, the differences in preva-
lence between 1999-2004 and 1971-1972 persisted
(25.7%-59.8% higher) and remained statistically signifi-
cant. It is possible that the years of education increased
between 1971-1972 and 1999-2004 among those with 12
or more years of formal education. We were unable to
explore this hypothesis because the 1999-2004 NHANES
released education data only in a categorical format.

Previously7 we classified subjects as myopic based on
worse-eye spherical equivalent refraction using a vari-
ety of cutoff values to allow comparisons with results from
the Eye Diseases Prevalence Research Group.26 In the cur-
rent study, we classified subjects as myopic based on any
degree of negative spherical equivalent (based on lens-
ometry or refraction) in the right eye. This criterion, al-
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Figure 4. Prevalence of myopia by severity (spherical equivalent in diopters [D], right eye), comparing National Health and Nutrition Examination Survey data from
1971-1972 vs 1999-2004. *P� .01 for each severity category when comparing the prevalence in 1971-1972 vs 1999-2004. †P� .001 for each severity category
when comparing the prevalence in 1971-1972 vs 1999-2004.

Table 4. Prevalence of Myopia by Age in Persons
With 12 or More Years of Formal Education
in the 1971-1972 and 1999-2004 National Health
and Nutrition Examination Survey

Age, y

Prevalence, % (95% CI)

P Value1971-1972 1999-2004

12-17 NA NA NA
18-24 31.4 (24.9-37.9) 42.6 (37.1-48.0) .004
25-34 32.3 (23.7-40.9) 51.6 (47.0-56.3) �.001
35-44 39.3 (30.1-48.5) 49.4 (45.4-53.4) .02
45-54 39.5 (29.7-49.3) 51.8 (47.1-56.6) .01

Abbreviations: CI, confidence interval; NA, not applicable.

50

60

30

40

20

10

0
18-24

P = .004

25-34

P < .001

35-44

P = .02

45-54

P = .01

Age, y

Pr
ev

al
en

ce
, %

1999-2004
1971-1972

Figure 5. Prevalence of myopia in persons with 12 or more years of formal
education, comparing National Health and Nutrition Examination Survey data
from 1971-1972 vs 1999-2004. P values are in comparison with the
1971-1972 data for the same age group.

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 12), DEC 2009 WWW.ARCHOPHTHALMOL.COM
1637

©2009 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/31/2016



though not optimal in terms of clinical significance and
potential for misclassification, was chosen to allow
comparisons with the published 1971-1972 NHANES
estimates.

In 1971-1972, 15% of participants in the vision ex-
amination could not have their refractive status classi-
fied4 because of incomplete vision examination informa-
tion (9%) or because presenting VA was 20/25 to 20/40
and corrective lenses were not worn (6%). Compared with
participants whose refractive status could be classified,
those whose refractive status could not be classified were
more likely to wear distance vision correction and have
poor presenting VA4; the effect of these imbalances would
result in a 1% underestimate of myopia prevalence,4 in-
sufficient to account for the differences observed in this
study. In 1999-2004, females were more likely than males
to be nonparticipants in the vision examination and have
myopia (45.8% vs 37.4%, respectively). Accounting for
higher rates of nonparticipation by females would in-
crease the overall prevalence estimate for 1999-2004; thus,
nonparticipation bias is not a likely explanation of our
results. Systematic bias in study participation based on
myopia status is unlikely because the eye examination
and interview were only a very small part of the com-
prehensive NHANES.

The 1971-1972 study had a limited ability to catego-
rize the refractive status of persons who presented with
VA of 20/25 to 20/40 and had no corrective lenses; if VA

improved with pinhole testing, the status was classified
as unknown because the type of refractive error could
not be determined. For comparability, data from partici-
pants in the 1999-2004 NHANES with presenting VA of
20/30 to 20/40 were handled similarly. This probably re-
sulted in underestimates of myopia prevalence in both
studies because participants (especially younger partici-
pants) with decreased distance presenting VA and no cor-
rective lenses were more likely to be myopic. In 1999-
2004, 75.1% of participants with presenting VA of 20/25
to 20/40, no corrective lenses, and improved vision with
autorefraction correction—classified as unknown—
actually were myopic based on autorefraction values
(which, emulating the 1971-1972 methods, were not used
for classification).

In the 1999-2004 NHANES, people with presenting
VA of 20/25 did not have a second VA measurement aided
by the autorefraction results; if they did not have cor-
rective lenses, we classified them as nonmyopic. If we had
instead classified them as unknown, the myopia preva-
lence estimates for 1999-2004 would have been still
higher.

We are unaware of any studies comparing refraction
values obtained by an autorefractor vs retinoscopy or com-
paring VA assessed using the autorefractor’s chart vs stan-
dard VA charts.27 Systematic bias in the 1999-2004 mea-
surement of spherical equivalent is a possible explanation
for our results. A 1-D shift of the 1999-2004 spherical
equivalent distribution would be required to eliminate
the discrepancy between the 1999-2004 and 1971-1972
surveys (Figure 6B). This degree of systematic mismea-
surement seems highly unlikely.

Several previous studies documented an increased
prevalence of myopia over time in specific popula-
tions.5,28-30 A review6 concluded that increasing levels of
education combined with possible genetic susceptibil-
ity are likely to be responsible for the reported increases
in the prevalence of myopia.

Strengths of our study include the nationally repre-
sentative composition of both NHANES study popula-
tions, the standardized method used in the vision ex-
aminations, and our use of a similar method to classify
eyes as myopic in the 2 surveys. In cases where the method
could not be made identical, we were able to estimate the
effects on the prevalence estimates of different methods
of classification. We could not identify any source of mis-
classification (Figure 1) that could account for the dif-
ferences observed between 1971-1972 and 1999-2004.
Altering our assumptions caused the 1999-2004 esti-
mates of myopia to increase and differ even more from
the 1971-1972 data.

Although myopia can be treated relatively easily with
corrective lenses, it engenders substantial expenditures
on a population basis owing to its high prevalence. If 25%
of those aged 12 to 54 years had myopia, the associated
annual cost would be more than $2 billion31,32; an in-
crease in prevalence to 37% would increase the cost to
more than $3 billion. The question of whether myopia
prevalence is increasing is therefore important to health
planners and policy makers. Identifying modifiable risk
factors for the development of myopia could lead to the
development of cost-effective interventional strategies.
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Figure 6. The distribution of spherical equivalents in the National Health and
Nutrition Examination Survey data from 1971-1972 and 1999-2004 for
myopic eyes is shown (A), and shifting the 1999-2004 distribution by 1
diopter (D) to the left makes it nearly identical to the 1971-1972 distribution (B).

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 12), DEC 2009 WWW.ARCHOPHTHALMOL.COM
1638

©2009 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/31/2016



Submitted for Publication: November 5, 2008; final re-
vision received April 7, 2009; accepted May 31, 2009.
Correspondence: Susan Vitale, PhD, MHS, Division of
Epidemiology and Clinical Applications, National Eye In-
stitute, National Institutes of Health, 10 Center Dr, Room
10D45, Mail Stop 1863, Bethesda, MD 20892-1863 (sev
@nei.nih.gov).
Author Contributions: Dr Vitale had full access to all of
the data in the study and takes full responsibility for the
integrity of the data and the accuracy of the data analysis.
Financial Disclosure: None reported.
Funding/Support: The NHANES is sponsored by the Na-
tional Center for Health Statistics, Centers for Disease
Control and Prevention. Additional funding for the
NHANES Vision Component was provided by Intramu-
ral Research Program Z01EY000402 of the National Eye
Institute, National Institutes of Health.
Role of the Sponsor: The National Center for Health Sta-
tistics provided funding support for the NHANES and
was involved in the design, management, and conduct
of the study and in data collection but was not involved
in the analysis or interpretation of the vision examina-
tion study results or in the preparation, review, or ap-
proval of the manuscript. The National Eye Institute pro-
vided funding support for the vision examination and was
involved in the design and conduct of the vision com-
ponent, in the collection, analysis, and interpretation of
the vision data, and in the preparation, review, and ap-
proval of the manuscript before submission.
Additional Contributions: We thank the staff of the Na-
tional Center for Health Statistics, Centers for Disease
Control and Prevention, especially Brenda Lewis, BS,
ASCP, MPH, for expert assistance with all technical as-
pects of the vision component; the staff at Westat, Inc,
especially Kay Apodaca, BA, MSW, and Beryl Carew, MPH,
BN, for their role with data collection activities; Susan
Corwin, CO, COMT, for training field staff; and the par-
ticipants in NHANES, without whose time and dedica-
tion this study would not have been possible.

REFERENCES

1. Saw SM, Katz J, Schein OD, Shew SJ, Chan TK. Epidemiology of myopia. Epi-
demiol Rev. 1996;18(2):175-187.

2. Gwiazda J, Thorn F. Development of refraction and strabismus. Curr Opin
Ophthalmol. 1999;10(5):293-299.

3. Weale RA. Epidemiology of refractive errors and presbyopia. Surv Ophthalmol.
2003;48(5):515-543.

4. Sperduto RD, Seigel D, Roberts J, Rowland M. Prevalence of myopia in the United
States. Arch Ophthalmol. 1983;101(3):405-407.

5. Bar Dayan Y, Levin A, Morad Y, et al. The changing prevalence of myopia in young
adults: a 13-year series of population-based prevalence surveys. Invest Oph-
thalmol Vis Sci. 2005;46(8):2760-2765.

6. Rose K, Smith W, Morgan I, Mitchell P. The increasing prevalence of myopia:
implications for Australia. Clin Experiment Ophthalmol. 2001;29(3):116-120.

7. Vitale S, Ellwein L, Cotch MF, Ferris FL III, Sperduto R. Prevalence of refractive er-
ror in the United States, 1999-2004. Arch Ophthalmol. 2008;126(8):1111-1119.

8. National Center for Health Statistics. Plan and Operation of the HANES I Augmen-

tation Survey of Adults 25-74 Years, United States, 1974-1975. Hyattsville, MD:
National Center for Health Statistics; 1978. DHEW publication PHS 78-1314.

9. National Center for Health Statistics. National Health and Nutrition Examination
Survey data, 1999-2004. http://www.cdc.gov/nchs/about/major/nhanes/datalink
.htm. Accessed February 16, 2005.

10. National Center for Health Statistics. Plan and Operation of the Health and Nu-
trition Examination Survey, United States, 1971-1973. Hyattsville, MD: National
Center for Health Statistics; 1973. DHEW publication PHS 79-1310.

11. Engel A, Murphy RS, Maurer K, Collins E. Plan and operation of the HANES I
augmentation survey of adults 25-74 years, United States, 1974-1975. Vital Health
Stat 1. 1978;(14):1-110.

12. Miller HW. Plan and operation of the health and nutrition examination survey,
United States: 1971-1973. Vital Health Stat 1. 1973;(10a):1-46.

13. Miech RA, Kumanyika SK, Stettler N, Link BG, Phelan JC, Chang VW. Trends in
the association of poverty with overweight among US adolescents, 1971-2004.
JAMA. 2006;295(20):2385-2393.

14. Waksberg J, Levine D, Marker D. Assessment of major federal data sets for analy-
ses of Hispanic and Asian or Pacific Islander subgroups and Native Americans,
appendix B: inventory of selected existing federal data bases. http://aspe.hhs
.gov/hsp/minority-db00/task2/APP-B.HTM#nhanes. Accessed July 5, 2007.

15. Sloan LL. Measurement of visual acuity: a critical review. Arch Ophthalmol. 1951;
45(6):704-725.

16. Malec D, Davis WW, Cao X. Model-based small area estimates of overweight preva-
lence using sample selection adjustment. Stat Med. 1999;18(23):3189-3200.

17. National Center for Health Statistics. NHANES analytic guidelines, June 2004
version. http://www.cdc.gov/nchs/data/nhanes/nhanes_general_guidelines_june
_04.pdf. Accessed July 27, 2007.

18. Graubard BI, Fears TR. Standard errors for attributable risk for simple and com-
plex sample designs. Biometrics. 2005;61(3):847-855.

19. National Center for Health Statistics. Analytic and reporting guidelines: the third
National Health and Nutrition Examination Survey, NHANES III (1988-94), Oc-
tober 1996. http://www.cdc.gov/nchs/data/nhanes/nhanes3/nh3gui.pdf. Ac-
cessed July 27, 2007.

20. National Center for Health Statistics. Analytic and reporting guidelines: the Na-
tional Health and Nutrition Examination Survey (NHANES), September 2006. http:
//www.cdc.gov/nchs/data/nhanes/nhanes_03_04/nhanes_analytic_guidelines
_dec_2005.pdf. Accessed July 27, 2007.

21. National Center for Health Statistics. NHANES 1999-2000 addendum to the NHANES
III analytic guidelines. http://www.cdc.gov/nchs/data/nhanes/guidelines1.pdf. Ac-
cessed July 27, 2007.

22. Hyman L. Myopic and hyperopic refractive error in adults: an overview. Ophthal-
mic Epidemiol. 2007;14(4):192-197.

23. Morgan I, Rose K. How genetic is school myopia? Prog Retin Eye Res. 2005;24
(1):1-38.

24. Tarczy-Hornoch K, Ying-Lai M, Varma R; Los Angeles Latino Eye Study Group.
Myopic refractive error in adult Latinos: the Los Angeles Latino Eye Study. In-
vest Ophthalmol Vis Sci. 2006;47(5):1845-1852.

25. Wensor M, McCarty CA, Taylor HR. Prevalence and risk factors of myopia in Vic-
toria, Australia. Arch Ophthalmol. 1999;117(5):658-663.

26. Kempen JH, Mitchell P, Lee KE, et al; Eye Diseases Prevalence Research Group.
The prevalence of refractive errors among adults in the United States, Western
Europe, and Australia. Arch Ophthalmol. 2004;122(4):495-505.

27. National Center for Health Statistics. National Health and Nutrition Examination
Survey, 1971-75: Near and Distant Vision, Ages 25-74. Hyattsville, MD: Na-
tional Center for Health Statistics. Public use data tape documentation, tape 4163.

28. Tay MT, Au Eong KG, Ng CY, Lim MK. Myopia and educational attainment in 421 116
young Singaporean males. Ann Acad Med Singapore. 1992;21(6):785-791.

29. Matsumura H, Hirai H. Prevalence of myopia and refractive changes in students
from 3 to 17 years of age. Surv Ophthalmol. 1999;44(suppl 1):S109-S115.

30. Wu MM, Edwards MH. The effect of having myopic parents: an analysis of myo-
pia in three generations. Optom Vis Sci. 1999;76(6):387-392.

31. Vitale S, Cotch MF, Sperduto RD, Ellwein L. Costs of refractive correction of dis-
tance vision impairment in the United States, 1999-2002. Ophthalmology. 2006;
113(12):2163-2170.

32. Rein DB, Zhang P, Wirth KE, et al. The economic burden of major adult visual
disorders in the United States. Arch Ophthalmol. 2006;124(12):1754-1760.

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 12), DEC 2009 WWW.ARCHOPHTHALMOL.COM
1639

©2009 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/31/2016


