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Abstract
Purpose To evaluate the potential effect of age and refractive error on visual acuity (VA) performance and quick contrast
sensitivity function (qCSF) in normal Chinese adults.
Method Ninety-two subjects with normal best corrected distance VA (BCDVA) were enrolled in this pilot study. Mea-
surements included BCDVA, best corrected near VA (BCNVA), unaided VA (UNVA), habitual spectacle-corrected near
VA (SCNVA) and qCSF. For analyses, subjects were categorized into three age groups (20~40 years, 41~60 year and >60
years) and four refractive groups (hyperopia, emmetropia, myopia and high myopia). Relationships between age, refractive
error, types of VA and qCSF were tested using simple and multiple linear regressions analyses.
Result Mean age and refractive error of the study participants were 44.04 ± 12.68 years and −1.86 ± 2.91D, respectively.
Among the stratified age groups, a hyperopic shift of refraction (−3.24 ± 2.88D vs. −1.24 ± 2.64D vs. 0.39 ± 1.42D,
respectively; P < 0.001) and a reduction in BCNVA (P= 0.014), SCNVA (P < 0.001) and cut-off spatial frequency (SF)
(P= 0.032) were found with increasing age. Among the four refractive groups, the SCNVA and cut-off SF of hyperopia
were worse compared to the other refractive statuses (all P < 0.05). Age was significantly associated with cut-off SF
(standardized β=−0.29, P= 0.005) after adjustment for SER, gender and all types of VA.
Conclusion For normal Chinese adults with normal BCDVA, age was the main factor associated with CSF, which may be
independent of refractive error.

Introduction

An aging population and increase in the prevalence of
myopia are two main changes over the last decades. Pres-
byopia is an age-related loss of accommodation that results
in near visual disturbance, and it was forecasted to affect an
estimated 1.4 billion people by 2020 [1]. Myopia has
become a worldwide public health issue and affects an
estimated 22.9% of the world’s population, or 1.406 billion
people [2, 3]. The myopia burst in East Asia may cause a
significant hyperopic shift of spherical equivalent refractive
error (SER) in elderly subjects. This demographic change
may lead to a significant cohort effect on near visual

performance of presbyopia because refractive error is
associated with presbyopia onset [4].

The degeneration of near visual function is one of the
main causes of visual impairment in older patients, but
testing of the accommodation ability and conventional near
vision may be insufficient to evaluate daily near visual
performance because various factors, such as reduction in
contrast sensitivity function (CSF) [5], pupil size [6] and
increasing density of the crystalline lens [7], degrade near
visual function with aging rather than an age-related loss of
accommodation.

Visual acuity (VA) is the most commonly used psy-
chophysical test, but it only utilize optotypes with high
degrees of contrast which may not reflect actual visual
performance in the real world [8]. In clinical practice, there
are many patients whose subjective complaints do not often
correspond with their VA test in the examining room. The
CSF test has the advantage of evaluating the ability to see
low and high contrast patterns, which tends to be more
sensitive than VA assessment alone [9], especially for the
presence of disease states when VA and fundus images
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appear normal. A variety of ophthalmic and neurological
conditions may cause CSF deficits that do not depend on the
patient’s overall level of visual deficits, such as dry eye
[10], ocular hypertension [11] and myopia [12]. The
potential inconsistency between VA and CSF deficits sug-
gests that measurement of the full CSF over a wide range of
frequencies is clinically important.

Methods of conventional CSF tests are not suitable in
clinical practice because these tests are time-consuming
(30–60 min). Lesmes et al. [13] recently developed a novel
adaptive psychophysical procedure, the quick CSF (qCSF),
which directly estimates the entire CSF curve rapidly
(5–10 min) with reasonable precision. Research on CSF
assessment of ocular diseases states, such as amblyopia
[14], diabetic retinopathy [15] and multiple sclerosis [16],
using this novel method have been reported, but there
remains a need to identify the candidate population with
normal corrected distance VA but abnormal CSF using this
novel method.

To the best of our knowledge, the effect of demographic
changes in the last decades, such as aging and the increasing
prevalence of myopia, on visual function in normal East
Asian population is not clear. The purposes of this pilot
study were to assess the visual functions with qCSF method
in normal Chinese adult population with a wide range of age
and refractive status, and determine their relationship with
age and refractive error to identify candidate subjects for
qCSF testing in the future.

Material and methods

Study design

The current study was a pilot study performed at Zhongshan
Ophthalmic Center (ZOC) in Guangzhou, China. The ZOC
ethical committee approved this study, which was per-
formed in accordance with the tenets of the Declaration of
Helsinki. Written consent was obtained from all participants
who did not receive any financial compensation.

In the current study, ophthalmic examination included
slitlamp biomicroscopy of the anterior and posterior seg-
ments with pupillary dilation were performed to identify
any eye diseases in each subject prior to enrollment. All
participants had a with-the-rule astigmatism no greater than
−2.00D and no eye diseases other than refractive error. The
interocular difference in refractive error of each subject was
less than 1.00D. Subjects were excluded if they had a best
corrected distance VA (BCDVA) less than 20/25 in either
eye, systemic diseases or use of systemic or topical medi-
cations that may affect accommodation and binocular
vision. Only the right eye of each subject was included for
analysis.

Assessment of refractive error

Before enrollment, cycloplegic refractions using the log-
MAR visual table at a 5 mm distance were measured in this
study. Mydriasis was achieved with the installation of three
drops of Guttae tropicamide (0.5% tropicamide plus 0.5%
phenylephrine hydrochloride; Xing Qi Ophthalmic Co.,
Ltd., Shenyang, China) separated by 5 min. Cycloplegic
refraction measurement commenced 30 min after the first
drop of compound tropicamide instillation. The SER was
calculated as the addition of the spherical power and half
the magnitude of the cylinder power.

Assessment of VA

Visual acuity examinations included measurements of
BCDVA, best corrected near VA (BCNVA), unaided VA
(UNVA) and habitual spectacle-corrected near VA
(SCNVA). All types of VA were measured using the log-
MAR VA chart. Subjective refraction was performed to
determine VA at near (40 cm) or distance (5 m) via optimal
refractive correction. To determine the daily near visual
performance, near VA at distance of 40 cm with correction
of habitual spectacles (myopes or hyperopia) or no specta-
cles (emmetropes or moderate hyperopia) was performed to
obtain the SCNVA. All VAs were recorded as logMAR
values for statistical analyses.

Assessment of CSF

All of the programs used in this study were coded in
MATLAB (MathWorks Corp., Natick, MA, USA) using the
Psychtoolbox subroutines [17, 18], and run on a PC com-
puter. Stimuli were displayed on a NEC P463 monitor
(Gension & Waltai Digital Video System Co., Ltd. China)
with a display area of 105.5 × 60.9 cm, a resolution of
1920 × 1080, and a refresh rate of 60 Hz. A special circuit
was used to achieve 14-bit grayscale resolution [19]. Par-
ticipants with optimal refractive correction viewed the sti-
muli at a distance of 4 m in a dark room.

In each trial, stimuli were randomly presented for
120 ms, followed by a blank screen for 250 ms. A response
screen with all ten numbers was shown for 500 ms, and
participants were instructed to type the number they saw
using the keyboard. No feedback was provided and a new
trial started 500 ms after the subject’s response. The number
of stimuli of number used in this study were arranged as a
1×3 matrix and presented in the center on the display. One
experimental session consisted of 50 trials which took
approximately 15 min for each subject.

The CS was estimated at six different spatial frequencies
(1, 1.5, 3, 6, 12, and 18cpd). To characterize the CS dif-
ference among different categorized groups, the area under
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the CSF (AULCSF) which is a broad measure of spatial
vision [20, 21] and the spatial frequency cutoff (cut-off SF)
which characterizes the high-frequency resolution of the
visual system [22, 23] were calculated for each subject.

Data analysis

In this study, data were statistically calculated based on
gender, age and refractive error, respectively. Two gender
groups (men and women), three stratified age groups
(20~40 years, 41~60 year and >60 years) and four refractive
groups (hyperopia, emmetropia, low and moderate myopia
(L&M myopia) and high myopia) were categorized.
Refractive statuses were defined based on the following
SER: hyperopia, ≥0.50D; emmetropia, (−0.50D, 0.50D);
L&M myopia, (−6.00D, −0.50D]; and high myopia,
≤−6.00D.

All statistical analyses were performed using SPSS
Version 16.0 (SPSS 16.0, Inc., Chicago, IL, USA). Data
were firstly tested for normality using the Sample Shapiro-
Wilk test. Difference between gender groups were com-
pared using an independent-samples t test. Difference
among the three age groups or the four refractive groups
were compared using one way ANOVA analyses. Simple
and multiple linear regressions analysis were used to eval-
uate the potential association between gender, age, refrac-
tive errors, or VA with CSF, respectively. P < 0.05 at two
tails was considered statistically significant.

Results

In this pilot study, a total of 92 subjects with a mean age of
44.04 ± 12.68 years (range, 25–69 years) were enrolled. The

mean SER of this sample was −1.86 ± 2.91D (range,
−8.00–3.00D) and 48 (52.17%) subjects were female.
There was no significant difference in age (45.38 ± 13.76
years vs. 42.59 ± 11.37 years, respectively. P= 0.295) and
SER (−1.47 ± 2.82D vs. −2.28 ± 2.97D, respectively. P=
0.184) between women and men. A hyperopic shift of
SER was found as age increased in the three stratified age
groups (−3.24 ± 2.88D vs. −1.24 ± 2.64D vs. 0.39 ± 1.42D,
respectively. P < 0.001) and age was progressively older as
SER increased in the four refractive groups (56.87 ±
8.64years vs. 47.54 ± 11.10 years vs. 40.39 ± 12.18 years
vs. 34.87 ± 7.28 years, respectively. P < 0.001).

Table 1 summarizes the means of BCDVA, BCNVA,
UNVA, SCNVA, AULCSF and cut-off SF in the whole
study population according to gender, age and type of
refractive error. There was no significant difference in
BCDVA, BCNVA, UNVA, SCNVA, AULCSF or cut-off
SF between men and women (all P > 0.05). Among the
stratified age groups, no significant difference in BCDVA,
UNVA and AULCSF were found (all P > 0.05), but the
BCNVA (P= 0.014), SCNVA (P < 0.001) and cut-off SF
(P= 0.032) gradually decreased with increasing age. There
was no significant difference in BCDVA (P= 0.301) and
AULCSF (P= 0.560) among different refractive status, but
the BCNVA and UNVA were better in the emmetropia and
myopia groups than that in hyperopia and high myopia
groups (all P < 0.05). For hyperopia, the SCNVA and cut-
off SF was significantly reduced compared to the other
refractive statuses (all P < 0.05).

The mean CS values (log units) in spatial frequencies of
1.5, 3, 6, 12 and 18 cpd were 30.03 ± 11.43, 34.51 ± 11.85,
16.77 ± 9.70, 4.59 ± 3.31 and 1.71 ± 1.11, respectively.
Comparison of levels of spatial frequency data revealed no
statistically significant difference between women and men.

Table 1 The means and standard
deviation of types of VA,
AULCSF and cut-off SF in an
adult population by gender, age
and type of refractive error.

n BCDVA BCNVA UNVA SCNVA AULCSF Cut-off SF

Total 92 −0.01 ± 0.04 0.04 ± 0.06 0.35 ± 0.29 0.23 ± 0.21 1.18 ± 0.22 19.73 ± 5.13

Gender

Female 48 −0.01 ± 0.03 0.04 ± 0.05 0.32 ± 0.24 0.25 ± 0.20 1.15 ± 0.20 19.40 ± 4.64

Male 44 −0.02 ± 0.05 0.04 ± 0.06 0.39 ± 0.33 0.20 ± 0.21 1.21 ± 0.23 20.08 ± 5.65

Age (years)

20~40 40 −0.02 ± 0.04 0.03 ± 0.05 0.30 ± 0.31 0.09 ± 0.14 1.21 ± 0.22 20.68 ± 4.63

41~60 38 −0.02 ± 0.04 0.05 ± 0.07 0.38 ± 0.27 0.32 ± 0.20 1.18 ± 0.23 19.89 ± 5.91

>60 14 0.00 ± 0.00 0.08 ± 0.04 0.45 ± 0.22 0.37 ± 0.15 1.07 ± 0.13 16.55 ± 2.65

Refractive errors

Hyperopia 15 0.00 ± 0.00 0.08 ± 0.06 0.56 ± 0.31 0.37 ± 0.17 1.11 ± 0.24 16.99 ± 5.37

Emmetropia 26 −0.02 ± 0.05 0.03 ± 0.05 0.24 ± 0.19 0.23 ± 0.19 1.19 ± 0.20 19.88 ± 5.84

L&M myopia 36 −0.02 ± 0.04 0.03 ± 0.05 0.29 ± 0.28 0.17 ± 0.21 1.18 ± 0.23 20.10 ± 4.80

High myopia 15 −0.01 ± 0.03 0.06 ± 0.08 0.51 ± 0.34 0.21 ± 0.23 1.22 ± 0.17 21.30 ± 3.58

BCDVA best corrected distance VA, BCNVA best corrected near VA, UNVA unaided VA, SCNVA spectacle-
corrected near VA (SCNVA), L&M myopia low and moderate myopia.
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As shown in Fig. 1, older subjects seemed to have a lower
CS at each spatial frequency. As shown in Fig. 2, CS
appeared reduced in hyperopic subjects.

Relationship of age, refractive errors, VA and CSF

As shown in Table 2, AULCSF and cutoff SF exhibited
statistically significant association with age, BCNVA and
SCNVA, but no significant associations were found
between AULCSF and cutoff SF with gender, SER,
BCDVA and UNVA. The multiple linear regression model
demonstrated that SCNVA significantly contributed to
AULCSF (standardized β=−0.24, P= 0.023) after
adjustment for SER, gender, age and the other types of VA,
and age significantly contributed to cut-off SF (standardized
β=−0.29, P= 0.005) after adjustment for the other
observed factors.

Relationship of age, SER, VA and CSF by type of
refractive errors

For emmetropia (age, range 28–68 years), AULCSF
had a statistically significant association with SCNVA

(r=−0.39, P= 0.048), and cut-off SF had a statistically
significant association with SCNVA (r=−0.40, P= 0.044)
and age (r=−0.45, P= 0.020). After adjustment for age,
cut-off SF had no statistically significant association with
SCNVA (r=−0.22, P= 0.284).

For L&M myopia (age, range 25–67 years), AULCSF
had a statistically significant association with DSNVA (r=
−0.40, P= 0.015) and BCNVA (r=−0.52, P= 0.001),
and cut-off SF had a statistically significant association with
BCNVA (r=−0.48, P= 0.003).

For hyperopia (age, range 38–69 years) and high myopia
(age, range 26 to 51 years), no significant association were
found between AULCSF and cut-off SF with age, SER, and
type of VA. The subjective refraction, which was performed
to determine VA at near through optimal refractive correc-
tion, was significantly correlated to AULCSF in hyperopic
subjects after adjustment for age (r= 0.66, P= 0.008).

Discussion

The current study showed that CSF significantly decreased
with age at each spatial frequency in subjects across the life
span (20–70 years of age) even though the BCDVA of these
subjects was normal. The univariable and multivariable
analyses demonstrated that age and the accompanied ability
of near VA were significantly correlated to CSF after
adjustment for gender and SER. Of the enrolled subjects,
cut-off SF was likely reduced in hyperopia compared to the
other refractive statuses, but no significant association was
found between cut-off SF and refractive error after adjusting
for age. For the treatment of functional presbyopia, the
subjective refraction determining VA at near significantly
correlated to AULCSF in hyperopic subjects. The current
study is the first study to evaluate the potential effects of
gender, age and refractive status on CSF using the quick

Fig. 1 Mean CS at each spatial frequency among the stratified age
groups. Older subjects seemed to have a lower CS at each spatial
frequency although the difference was not statistically significant.

Fig. 2 Mean CS at each spatial frequency among different
refractive statuses. Contrast sensitivity appeared reduced in hypero-
pic subjects although the difference was not statistically significant.

Table 2 Association between AULCSF and cutoff SF with other
factors in Spearman correlation analysis.

AULCSF Cut-off SF

R P R P

Gender 0.12 0.273 0.05 0.634

Age −0.22 0.039 −0.28 0.006

SER −0.10 0.360 −0.19 0.067

BCDVA −0.16 0.120 −0.18 0.087

BCNVA −0.22 0.035 −0.26 0.011

UNVA −0.11 0.294 −0.13 0.212

SCNVA −0.29 0.006 −0.25 0.017

Values with statistical significance are shown in bold.

SER spherical equivalent refractive error, BCDVA best corrected
distance VA, BCNVA best corrected near VA, UNVA unaided VA,
SCNVA spectacle-corrected near VA (SCNVA).
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CSF method, which promotes a better understanding of
visual function in normal healthy adults and helps discover
deficits in visual function in subjects with normal BCDVA.

The CSF, which describes visual sensitivity to narrow-
band stimuli of a wide range of spatial frequencies, provides
the ability to detect and interpret details of a visual scene in
the real world [8, 9]. CSF appeared more sensitive in
characterizing spatial vision deficits than letter acuity
because patients may have CSF deficits even when their
acuity looks normal [24]. This phenomenon was also found
in the current study that the cut-off SF progressively
decreased with increasing age in the sample age groups
despite a normal BCDVA. The AULCSF showed a
decreasing trend with increasing age increased though the
statistical difference was not significant, which may result
from the relatively small sample size. Among the different
refractive statuses, AULCSF and cut-off SF seemed reduced
in the hyperopia group when the BCDVA was normal.

Age influenced contrast sensitivity in many studies that
found a generally lower CSF in older populations [25–28].
The refractive error may also affect CSF, but the reports are
inconsistent between studies [25, 26, 29]. Hashemi et al. [25]
found a lower CS values in myopes than hyperopes whereas
Zocher et al. [26] demonstrated lower CS values in hype-
ropes than myopes. Xu et al. found no significant difference
in CSF between myopes and emmetropes [29]. However, it
should be noticed that in line with previous studies
[26, 30, 31], the demographic data of the sample population
in the present study, which may be influenced by population
aging and myopia burst, demonstrated a hyperopic shift in
the older age groups that resulted in more emmetropic or
hyperopic eyes in older subjects. It is reasonable to speculate
that the significant relationship of age and refractive error
may cause a false correlation between CSF and refractive
error. To distinguish the exact effect of age and refractive
error on CSF, we performed univariable and multivariable
correlation analyses which showed a significant correlation
between age with CSF and no correlation between SER with
CSF. Therefore, in consistent with Zocher et al.’s opinion
[26], age rather than hyperopia may be the predominant
factor for the lower CSF in hyperopic eyes than eyes with the
other refractive statuses since hyperopia increased with age
in the current study. However, it is hard to draw a conclusion
that the refractive error had no effect on CSF in eyes with
normal BCDVA, since their correlation may not be linear,
which could not be determined using the simple and multiple
linear regression analyses in the current study. Further pro-
spective studies comparing CSF in different refractive status
of normal eyes with age-matched subjects are warranted.

The epidemiological report that the prevalence of
refractive visual impairment significantly increased with
age, and uncorrected refractive error has been the leading
cause of visual impairment in adults over the age of 40

years [32] indicates the important role of near visual
assessment of adults in clinical practice. It also suggests that
many subjects may only have one pair of corrective spec-
tacles for one distance, especially in developing nations,
such as China. To evaluate the whole visual performance,
the near vision under correction of distance spectacles
which reflects the daily visual status was also measured in
addition to BCDVA, BCNVA and UNVA in the present
study. We found that for eyes with normal BCDVA,
SCNVA significantly contributed to AULCSF after adjust-
ing for SER, gender, age and the other types of VA. This
correlation was relatively higher in emmetropic and myopic
eyes, which suggested that a low near vision with habitual
spectacle may be associated with a deficit of CSF, espe-
cially for emmetropes and myopes, after excluding potential
anatomical factors, such as abnormalities of the cornea,
crystalline lens and fundus. This indication is meaningful
for clinical practice, and suggests that CSF be measured
when the DSNVA is low in eyes with normal BCDVA
because the CSF measurement, which takes more time and
is more complicated than the assessment of SCNVA, is not
needed for every visiting patient.

Another interesting finding is that subjective refraction
determining the near VA was significantly correlated to
AULCSF in hyperopic subjects after adjustment for age. It
is confirmed that near corrective refraction was associated
with refractive error, but we found no significant correlation
between SER with CSF. Previous studies reported the
potential relationship of accommodation and CSF [33, 34],
and near corrective refraction reflects the accommodation
ability to some extent, which we speculated may be a
potential factor for this finding. The results of our study
suggested that an exceptionally high corrective spectacle
prescription for presbyopia caused some deficits in CSF.
However, this hypothesis must be verified in future studies
with large sample sizes and more control of potential factors
such as refractive error and age, since only 15 eyes were
presbyopic in the present study.

One limitation of this study is the relatively small sample
size, but as a pilot study, it provides the basis for a larger
more definitive study. Another limitation of this study is
that we could not further identify the underlying factors that
caused the reduction in CSF since we only measured psy-
chophysical vision which will be influenced by both optical
and neural factors [35, 36]. Further studies combining
objective and psychophysical tests with large sample size
are warranted.

In conclusion, our study presented the distribution of
visual functions, including CSF and types of VA, and ver-
ified their relationship with age and refractive error in healthy
Chinese adult population. Although the BCDVA looks
similar to normal, the CSF may significantly decreased with
age, which is associated with the age-related reduction in
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near VA and may be independent of refractive error.
Hyperopes with an exceptionally high subjective refraction
that is needed to determine VA at near may have a reduced
CSF which should cause notice when a prescription of add
power is made for presbyopia. More studies are needed to
establish an up-to-date reference of the candidate population
that need CSF assessment, especially for those whose
BCDVA is normal but with significant visual complaints.

Summary

What was known before

● Population aging and increasing prevalence of myopia
are two main changes over the last decades. Degenera-
tion of near visual function is one of the main causes of
visual impairment for older patients, but only the
accommodation ability and conventional near vision
testing may be insufficient to evaluate the daily near
visual performance, since various possible factors, such
as reduction in contrast sensitivity function (CSF),
papillary size and increasing density of the crystalline
lens etc., can degrade the near visual function with aging
rather than age-related loss of accommodation. It has
been reported that a variety of ophthalmic and
neurologic conditions may cause CSF deficits which
did not depend on patient’s overall level of visual
deficits, such as dry eye, ocular hypertension and
myopia etc. The potential inconsistency between VA
and CSF deficits suggests that measuring the full CSF
over a wide range of frequencies is clinically important.
Methods of conventional CSF test, which are time-
consuming (30–60 min), are not so suitable in clinical
practice. Recently, Lesmes et al. developed a novel
adaptive psychophysical procedure, the quick CSF
(qCSF), which directly estimates the entire CSF curve
rapidly (5–10 min) with reasonable precision.
Researches on CSF assessment of diseases states, such
as amblyopia, diabetic retinopathy and multiple sclero-
sis, using this novel method have been reported, but the
candidate patients for normal population are still needed
to explore. To the best of our knowledge, the effect of
demographic changes in the last decades, such as aging
and increasing prevalence of myopia, on visual func-
tions for normal East Asian population remains unclear.

What this study adds

● Our study presented the distribution of visual function,
including CSF and types of VA, and verified their
relationship with age and refractive error in healthy

Chinese adult population. Even though the BCDVA
looks like normal, the psychological vision, such as CSF
can significantly decreased as age increases which is
associated with the age-related reduction in near VA and
may be independent of refractive error. Hyperopes with
an exceptionally high subjective refraction needed to
determine VA at near may have a reduced CSF which
should cause notice when a prescription of add power is
made for presbyopia. More studies are needed to
establish up-to-date reference of candidate population
needing CSF assessment, especially for those whose
BCDVA is normal but with significant visual complaints.
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