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Objective: To compare refraction measured before and
after pharmacologic cycloplegia.

Methods: This study used preliminary data from the Bea-
ver Dam Offspring Study, which includes adult children
of participants in the population-based Epidemiology of
Hearing Loss Study of older adults living in Beaver Dam,
Wisconsin. Data were available for 5018 eyes of 2529 par-
ticipants. Refraction was defined by the spherical equiva-
lent (SE), using autorefractor readings. Differences were
calculated as the SE after drops were administered minus
the SE before drops were administered. Myopia was de-
fined as SE of −1 diopter (D) or less; emmetropia, as SE
more than −1 D and less than 1 D; and hyperopia, as SE
of 1 D or more.

Results: The mean age was 48 years (range, 22-84 years).
The mean difference in SE between measurements before
and after cycloplegia was 0.29 D (95% confidence inter-
val, 0.28-0.31). The difference decreased with age and var-
ied by refractive status for participants younger than 50
years, with the largest differences observed among young
persons with hyperopic refractive errors. Across all age
groups, agreement on classifications of refraction was high
(84%-92%).

Conclusions:Overall,clinically inconsequentialdifferences
wereobservedbetweenSEsbeforeandafterpharmacologic
cycloplegia, suggesting that cycloplegia may not be neces-
sary in epidemiological studies of refraction in adults.
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I N EPIDEMIOLOGICAL STUDIES OF

presbyopic adults, accommoda-
tive effects on refractive error
measurement are generally of
minimal concern. Accordingly,

population-based studies of older adults fre-
quently measure refraction without cy-
cloplegia. However, in younger persons, ac-
commodation can greatly influence
refractive error measurement. Studies in
children have found that autorefraction
estimates without pharmacologic cyclople-
gia are more myopic than autorefraction es-
timates obtained after cycloplegia, particu-
larly among children with hyperopia.1-4

Because of the magnitude of these differ-
ences, methods of refraction without cy-
cloplegia are often considered inappro-
priate for measuring refractive error in
children.2-4 However, there may be sub-
groups of children where cycloplegia is not
critical in epidemiological studies of refrac-
tion; the Correction of Myopia Evaluation
Trial found minimal differences between re-
fractive error measured with and without
cycloplegia for children with myopia.5

Because the age-related decline in ac-
commodative ability is a gradual process,

it is reasonable that any corresponding ef-
fects on the measurement of refraction may
also gradually decrease with age. One study
of 199 young adults aged 18 to 34 years still
found estimates of refraction were more my-
opic (mean difference of 0.86 diopters [D])
without cycloplegia than with cyclople-
gia, even when using an autorefractor with
a fogging mechanism to minimize accom-
modation in the absence of cycloplegia.6 To
our knowledge, a large-scale comparison of
refractive error measured by autorefrac-
tion with and without cycloplegia in a wide
age range of adults has not yet been re-
ported. As younger adults are studied, it is
important to know the difference in mea-
surement associated with cycloplegia. The
purpose of this article was to compare re-
fraction measured by autorefraction with-
out and with cycloplegia in adults.

METHODS

PARTICIPANTS

Initiated in 2005, the Beaver Dam Offspring
Study (BOSS) investigates sensory function-
ing in adult children of participants in the popu-
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lation-based Epidemiology of Hearing Loss Study (EHLS) of
older adults living in Beaver Dam, Wisconsin. Details of the EHLS
have been published elsewhere.7 At the 5-year follow-up EHLS
examination, participants were asked how many children they
had. To identify eligible participants for the BOSS, members
of the parent population (EHLS participants) who had re-
ported at least 1 living child were asked for permission to con-
tact their children. Eligible BOSS participants were then the off-
spring whom EHLS participants gave permission to contact. For
this article, we used preliminary data from the BOSS, which in-
cluded 2529 people (1163 men, 1366 women) aged 22 to 84
years with paired refraction measurements with and without
cycloplegia measured on the same day. Most (98%) partici-
pants provided paired data for both eyes, whereas 40 people
provided measurements for 1 eye only. Therefore, a total of 5018
eyes were available for analysis. The University of Wisconsin–
Madison institutional review board approved this study and all
participants provided written informed consent.

VISION EXAMINATION

Vision testing in the BOSS included autorefraction, visual acu-
ity tests, contrast sensitivity, amplitude of accommodation, and
ocular imaging. Prior to cycloplegia, an autorefractor (WR-
5001K; Grand Seiko, Hiroshima, Japan) was used to measure
refraction. If there was a refractive error, this correction was
used for trial lenses for best-corrected visual acuity and con-
trast sensitivity testing. After these initial vision tests were com-
pleted, 1 drop of tropicamide, 1%, followed by 1 drop of phen-
ylephrine, 2.5% (at least 30 seconds later), was administered
to each eye of the participants. Phenylephrine was not given
to participants with systolic blood pressure greater than 200
mm Hg or diastolic blood pressure greater than 100 mm Hg.
Participants then proceeded to other parts of the examination
while their eyes became dilated. Because dilation time can vary
across the age range included in the study, examiners were
trained to check pupil dilation after 20 minutes and proceed
with the ocular examination (imaging and repeat refraction) if
the pupils were adequately dilated or continue monitoring un-
til ready. Refraction was again obtained with a Grand Seiko WR-
5001K autorefractor.

STATISTICAL METHODS

Refraction was defined by the spherical equivalent (SE), cal-
culated using the sphere (S) and cylinder (C) autorefractor mea-
surements in the following equation: SE=S�C/2. For partici-
pants who could not identify any letters at a 1-m distance during
visual acuity testing, all autorefractor readings for that eye were
set to missing. Differences for each eye were calculated by sub-
tracting the SE before drops were administered from the SE af-
ter drops were administered. Mean differences were calcu-
lated using data from both eyes. Bland-Altman plots8 were used
to assess agreement between the 2 refraction measurements in
each eye. Because some of the differences were not normally
distributed, the Bland-Altman method of calculating 95% lim-
its of agreement8 was not used. Instead, the 2.5 and 97.5 per-
centiles of the differences were calculated to define intervals
containing 95% of the sample data using nonparametric meth-
ods. For the purposes of this article, these limits will be re-
ferred to as 95% limits of agreement, even though the method
used to calculate the limits differs from that of Bland and Alt-
man. Since standard errors for the mean difference and inter-
val limits were not calculated, correction for the correlation be-
tween eye measurements was not necessary for these initial
calculations. However, further analysis using generalized esti-
mating equations used standard errors to provide precision es-

timates (95% confidence intervals [CIs]) for the estimated mean
difference while accounting for the correlation between eyes
from the same person.

Myopia was defined as SE of −1 D or less; emmetropia, as
SE more than −1 D and less than 1 D; and hyperopia, as SE of
1 D or more. Analyses were stratified by the following age groups:
22 to 39 years, 40 to 49 years, 50 to 59 years, and 60 to 84 years.
Within each age group, Bland-Altman analyses were stratified
by refractive status (myopia, emmetropia, hyperopia) as de-
fined by the cycloplegic SE. Generalized estimating equations
models for each age group included a term for refractive status
(as defined by the cycloplegic SE) to give category-specific es-
timates. Classifications of myopia, emmetropia, and hyper-
opia based on autorefraction before cycloplegia were com-
pared with classifications based on autorefraction after
cycloplegia by calculating the percentage of agreement. Con-
fidence intervals for the percentage of agreement were esti-
mated using generalized estimating equations logistic regres-
sion with outcome defined as agreement vs disagreement for
each eye. Models were stratified by age group and intercepts
were used to estimate 95% CIs for the predicted probability of
agreement. All analyses used SAS 9.1 (SAS Institute Inc, Cary,
North Carolina).

RESULTS

Among all 5018 eyes, the SE before cycloplegia ranged
from −19.13 D to 8.38 D with a mean (SD) of −1.04 (2.48)
D. After cycloplegia, the SE ranged from −19.00 D to 7.88
D, with a mean (SD) of −0.75 (2.51) D. Thus, on aver-
age, measurements were slightly more hyperopic after cy-
cloplegia than before, with a mean difference of 0.29 D
and 95% of the differences between −0.38 D and 1.25 D.
Before cycloplegia, 38% of eyes were myopic, 48% were
emmetropic, and 14% were hyperopic. After cyclople-
gia, 36% of eyes were myopic, 43% were emmetropic, and
21% were hyperopic. Thus, classifications were similar
with 4405 of 5018 eyes classified the same whether the
refraction was before or after cycloplegia (88% agree-
ment; 95% CI, 87%-89%).

For younger persons, differences in SE before and af-
ter cycloplegia varied by refractive status, with the small-
est differences among eyes with a myopic refractive error
and the largest differences among eyes with a hyperopic
refractive error (Figure, A-F) (Table1). For myopic eyes
of 22- to 39-year-old participants, SEs after cycloplegia were
on average 0.23 D greater than SEs before cycloplegia. Eyes
classified as emmetropic in this age group showed greater
differences (mean difference=0.43 D) and eyes classified
as hyperopic displayed the largest discrepancies (mean dif-
ference=1.12 D). Participants aged 40 to 49 years showed
a similar pattern, although the differences for eyes with
hyperopic refractive errors were not as great as those ob-
served for hyperopic eyes from participants aged 22 to 39
years (Table 1) (Figure, D-F). Corresponding 95% limits
of agreement for the differences in these 2 age groups pro-
duced narrower intervals for myopic eyes than for hyper-
opic eyes (Table 1) (Figure, A-F).

Compared with younger age groups, margins be-
tween measures of refraction before and after cyclople-
gia in older participants were both smaller and did not
vary greatly by refractive status (Table 1) (Figure, G-H).
Cycloplegic SEs from participants aged 50 to 59 years were
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only an average of 0.14 D greater than SEs without cy-
cloplegia. Differences were also minimal for those aged
60 to 84 years, with a mean difference of 0.09 D. For both
of these older age groups, 95% of the differences were
between −0.50 D and 0.75 D.

Precision estimates for the mean differences were cal-
culated to describe the variability of the mean difference

across numerous samples. The CIs in Table2 give a plau-
sible range of the true mean differences for subgroups de-
fined by age and refractive status. Overall, the 95% CI for
the mean difference was 0.28 D to 0.31 D. Only 1 of the
CIs shown in Table 2 includes zero (myopic eyes in per-
sons aged 60-84 years), indicating that the majority of es-
timated differences are significantly different from zero.
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Figure. Bland-Altman plots8 with the mean spherical equivalent (SE) before and after cycloplegia shown along the x-axis and the difference (SE after
cycloplegia−SE before cycloplegia) represented on the y-axis. Horizontal lines represent mean differences as well as 2.5 and 97.5 percentiles used to define 95%
limits of agreement (shown in shaded area). A, Ages 22 to 39 years, myopia (n=358 eyes). B, Ages 22 to 39 years, emmetropia (n=394 eyes). C, Ages 22 to 39
years, hyperopia (n=120 eyes). D, Ages 40 to 49 years, myopia (n=708 eyes). E, Ages 40 to 49 years, emmetropia (n=843 eyes). F, Ages 40 to 49 years,
hyperopia (n=334 eyes). G, Ages 50 to 59 years, all (n=1573 eyes). H, Ages 60 to 84 years, all (n=688 eyes).

Table 1. Mean Differences and 95% LOAa

Age
Group, y

Mean Differenceb (95% LOA), D

Myopic Eyesc Emmetropic Eyesc Hyperopic Eyesc All

22-39 0.23 (−0.50 to 1.00) 0.43 (−0.25 to 1.13) 1.12 (0.13 to 3.44) 0.44 (−0.38 to 1.50)
40-49 0.30 (−0.38 to 1.13) 0.39 (−0.13 to 1.13) 0.76 (−0.13 to 1.88) 0.42 (−0.25 to 1.38)
50-59 0.12 (−0.63 to 0.88) 0.15 (−0.38 to 0.63) 0.18 (−0.38 to 0.88) 0.14 (−0.50 to 0.75)
60-84 0.03 (−0.88 to 0.88) 0.10 (−0.50 to 0.75) 0.12 (−0.50 to 0.88) 0.09 (−0.50 to 0.75)

Abbreviations: D, diopters; LOA, limits of agreement; SE, spherical equivalent.
aDefined by 2.5 and 97.5 percentiles.
bSpherical equivalent after cycloplegia − SE before cycloplegia.
cDefined using SE after cycloplegia as follows: myopia, SE of −1 D or less; emmetropia, SE more than −1 D and less than 1 D; hyperopia, SE of 1 D or more.

Table 2. Precision Estimates of Mean Differences Calculated Using Generalized Estimating Equations

Age
Group, y

Mean Differencea (95% CI), D

Myopic Eyesb Emmetropic Eyesb Hyperopic Eyesb All

22-39 0.23 (0.17 to 0.29) 0.43 (0.39 to 0.47) 1.12 (0.95 to 1.28) 0.44 (0.40 to 0.49)
40-49 0.30 (0.26 to 0.33) 0.39 (0.36 to 0.42) 0.76 (0.68 to 0.83) 0.42 (0.39 to 0.44)
50-59 0.12 (0.08 to 0.15) 0.15 (0.13 to 0.18) 0.18 (0.13 to 0.22) 0.14 (0.12 to 0.16)
60-84 0.03 (−0.04 to 0.09) 0.10 (0.06 to 0.14) 0.12 (0.07 to 0.16) 0.09 (0.06 to 0.12)

Abbreviations: CI, confidence interval; D, diopters; LOA, limits of agreement; SE, spherical equivalent.
aSpherical equivalent after cycloplegia − SE before cycloplegia.
bDefined using cycloplegic SE as follows: myopia, SE of −1 D or less; emmetropia, SE more than −1 D and less than 1 D; hyperopia, SE of 1 D or more.
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Overall agreement was high for classifications of myo-
pia, emmetropia, and hyperopia based on refraction with
or without cycloplegia for all age groups (Table 3). For
participants aged 22 to 39 years, 87% of classifications
agreed, and for participants aged 40 to 49 years, 84% of
classifications agreed. However, this high level of agree-
ment for those younger than 50 years was mostly due to
excellent concordance in the myopia classification; of the
discrepant cases, most were classified as hyperopic after
cycloplegia but were emmetropic before cycloplegia
(Table 3). As a result, estimates of the prevalence of hy-
peropia varied from 4% before cycloplegia to 14% after
cycloplegia for those aged 22 to 39 years and from 7%
before cycloplegia to 18% after cycloplegia for partici-
pants aged 40 to 49 years. Older participants showed
slightly greater overall agreement (90%-92%) in refrac-
tive error classification, with high consistency in esti-
mates of both the prevalence of myopia and the preva-
lence of hyperopia (Table 3).

COMMENT

In this study, we found little difference in SE estimates
before and after cycloplegia in eyes of adults spanning a
wide age range (22-84 years). On average, SEs after cy-
cloplegia were only 0.29 D greater (more hyperopic) than
SEs before cycloplegia. However, these differences were
not uniform across categories of age and refractive sta-
tus. For participants 50 years or older, cycloplegia im-
pacted refractive error estimates even less, with mean dif-

ferences less than 0.15 D. These differences were much
smaller than what has been reported among children.1-4

Minimal differences in this older age group were ex-
pected, since many had likely become presbyopic with
decreased ability to accommodate.

In participants younger than 50 years, a greater hyper-
opic shift was noted with cycloplegia, yet the mean dif-
ferences (0.4 D) were still lower than what has been re-
ported for children1-4 or adults aged 18 to 34 years.6

However, the difference between SEs before and after cy-
cloplegia in this age group depended on refractive status,
with the largest discrepancies among the hyperopic eyes
and the smallest differences among the myopic eyes. Com-
parisons across studies are limited by differences in the
distribution of refractive error as well as differences in defi-
nitions for hyperopia and myopia. If we selected young
participants (aged 22-39 years; mean, 35 years) with SEs
2 D or greater for comparison with studies done in chil-
dren, our estimated mean difference between SE before
and after cycloplegia (1.62 D) was very similar to what was
reportedamong12-year-oldAustralians(1.67D),3 but lower
than what was reported among 7- to 18-year-old children
in China (2.98 D).2 Among participants in this study aged
40 to 49 years (mean, 45 years), hyperopic eyes with SEs
2 D or greater showed a lower hyperopic shift (0.82 D)
compared with the younger BOSS participants.

The Australian study also reported a difference of 1.02
D for 12-year-olds with SEs between 0.5 D and 2.0 D.
Using this range of refractive error, our study showed a
mean difference of 0.81 D for 22- to 39-year-olds (mean,

Table 3. Overall Agreement of Refractive Status Before and After Cycloplegia

Refractive Status Based
on SE Before Cycloplegia

No. of Eyes

Refractive Status Based on SE After Cycloplegia

TotalMyopic Emmetropic Hyperopic

Ages 22 to 39 ya

Myopic 355 25 0 380
Emmetropic 3 369 89 461
Hyperopic 0 0 31 31
Total 358 394 120 872

Ages 40 to 49 yb

Myopic 697 73 0 770
Emmetropic 11 769 211 991
Hyperopic 0 1 123 124
Total 708 843 334 1885

Ages 50 to 59 yc

Myopic 578 38 3 619
Emmetropic 16 593 58 667
Hyperopic 0 18 269 287
Total 594 649 330 1573

Ages 60 to 84 yd

Myopic 136 10 0 146
Emmetropic 7 239 36 282
Hyperopic 0 14 246 260
Total 143 263 282 688

Abbreviations: CI, confidence interval; SE, spherical equivalent.
an=872 Eyes; percentage of agreement=87%; 95% CI, 84%-89%.
bn=1885 Eyes; percentage of agreement=84%; 95% CI, 82%-86%.
cn=1573 Eyes; percentage of agreement=92%; 95% CI, 90%-93%.
dn=688 Eyes; percentage of agreement=90%; 95% CI, 88%-92%.
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36 years) and a difference of 0.66 D for 40- to 49-year-
olds (mean, 44 years). Thus, there may be a decline in
the effect of accommodation on refractive error esti-
mates as we compare hyperopic eyes of children with hy-
peropic eyes of younger adults. In contrast to hyperopic
eyes of young adults, differences between refraction with
and without cycloplegia among myopic eyes of young
adults were small, with magnitudes similar to what have
been reported among myopic children.3,5

Although differences between SEs before and after cy-
cloplegia were statistically significant for most sub-
groups defined by age and refractive status, the magni-
tude of the mean differences was generally small. In the
context of large-scale epidemiological studies, the mag-
nitude of the mean difference may be more relevant than
statistical significance alone. Therefore, in many cases,
differences of similar magnitude may not be viewed as
clinically significant for research purposes.

Some portion of the differences between refraction be-
fore and after drops were administered could have been
explained by measurement error in the autorefractor. If
the same eye were tested by the same autorefractor under
the same conditions on 2 separate occasions, a certain de-
gree of variability in the readings would be expected. Dav-
ies et al9 described repeatability of the Grand Seiko WR-
5001K autorefractor readings and found that on repeat
testing, approximately 95% of the mean SEs were within
0.50 D of the initial mean SE. That study used a mean value
calculated from 6 separate readings during the same ses-
sion, so there may be greater variability between single mea-
surements. Still, in light of these data, many of the indi-
vidual differences observed between SEs with and without
cycloplegia in those 50 years and older may be due to mea-
surement error. However, the greater individual differ-
ences observed among younger participants are unlikely
to be entirely due to autorefractor variability.

Classifications of myopia, emmetropia, and hyper-
opia were similar whether based on refraction mea-
sured with or without cycloplegia. For all age groups, 84%
or more of classifications agreed. However, for those
younger than 50 years, most of the agreement occurred
for classification of myopia; the prevalence of hyperopia
was underestimated in the absence of cycloplegia.

Clearly, in a clinical setting, cycloplegia may be used
to obtain accurate estimates of refractive error in younger
patients. However, in epidemiological studies, measure-
ments of refractive error are not generally used for pre-
scribing glasses for distance and instead may be used to
provide corrections when measuring visual acuity or to
estimate differences between groups of people. The large-
scale nature of these studies requires a rapid, safe, rela-
tively inexpensive method of ascertaining refractive er-
ror. Cycloplegia adds time to the examination as one waits
for the eyes to dilate and bears a very small risk of acute
angle-closure glaucoma. When hyperopia or refractive
error are not primary end points, or the study is con-
ducted in a setting where the risks of cycloplegia may out-
weigh the greater accuracy, the error in measuring par-
ticipants with hyperopia may be acceptable. If investigators
are primarily interested in reporting the prevalence of hy-

peropia among young adults, cycloplegia may be neces-
sary. However, if a study targets older populations, the
expected number of young participants with hyperopia
is low, or the study is measuring the prevalence of myo-
pia, cycloplegia may not be necessary. Our purpose was
to provide the data to enable researchers to make in-
formed decisions appropriate for their studies. We have
shown that autorefraction without cycloplegia pro-
duces refraction estimates and resulting classifications
similar to those obtained under cycloplegia for a broad
age range of adults. Focused studies of younger adults,
particularly those with hyperopia, may want to con-
sider using cycloplegia when measuring refraction, but
for general, large-scale epidemiological studies of adults,
cycloplegia may not be essential.
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