
ARTICLE

Association of blepharoptosis with refractive error in the Korean
general population
Yangho Kim 1 and Ju-Hyang Lee 2✉

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2021

BACKGROUND/OBJECTIVES: We investigated the effect of blepharoptosis on refractive errors across different age groups in
Korean population.
SUBJECTS/METHODS: This cross-sectional study was performed with data obtained in the Korea National Health and Nutrition
Examination Survey (KNHANES) from 2008 to 2012. A total of 33,103 participants were enroled in our study. Blepharoptosis was
defined as a marginal reflex distance 1 (MRD1) less than 2mm, and was diagnosed in 3,305 (9.98%) participants. Ophthalmic
examinations were performed, including measurements of MRD1, spherical equivalent, and degree of astigmatism. The age range
was divided into three groups: less than 20 years old; more than 20 years and less than 60 years old; and more than 60 years old.
RESULTS: The mean spherical equivalent were −0.28 ± 2.23 D in the ptotic eyelids and −1.13 ± 2.30 D in the non-ptotic eyelids (p<
0.001, 95% CI: −0.93, −0.77). The mean cylinder dioptre were −1.03 ± 0.87 D and −0.80 ± 0.77 D respectively (p < 0.001, 95% CI: 0.20,
0.26). The association with the eyelid position and refractive error significantly differed according to the age group and body mass index.
Increased positive spherical change and increased astigmatism were prominent among ptotic participants aged less than 60 years.
CONCLUSIONS: A decrease in MRD1 was associated with a hyperopic shift and higher astigmatism. Mechanical compression of the
ptotic eyelid may affect ocular biometry, with the effect being particularly prominent in younger participants who had greater eyelid
tension.
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INTRODUCTION
Blepharoptosis refers to the drooping of the eyelid and is a
common ophthalmic disorder. Depending on the time of
occurrence, it is categorized as congenital or acquired. It is often
caused by aponeurotic degeneration and presents with age-
related changes. Blepharoptosis causes functional problems such
as obscuring of the superior visual field, but it also causes
cosmetic and psychological distress. In children with congenital
blepharoptosis, it can lead to ophthalmic conditions such as
amblyopia, strabismus, or astigmatism [1–3].
Blepharoptosis is usually accompanied by dermatochalasis, in

which the cornea is covered with redundant skin and muscle. The
eyelid that covers the external ocular surface can cause changes in
keratometry values by applying pressure to the cornea [4–7].
Several investigators have reported refractive changes after

eyelid surgeries such as blepharoptosis surgery or blepharoplasty
by using corneal topography [4, 7, 8]. Patients who undergo eyelid
surgery often complain of prolonged blurred vision postopera-
tively [9]. Blepharoptosis is defined as drooping of the eyelid that
can contribute to corneal pressure because of continuous
compression. Such changes may lead to corneal flattening and
cause alterations of the refractive error or keratometry findings.
Although many previous articles have reported changes in

refraction and keratometry values before and after surgery in

blepharoptosis patients, to our knowledge, no studies have shown
the differences in these values in relation to the presence of
blepharoptosis. Various factors, such as age or body mass index
(BMI), may affect blepharoptosis and refractive power. Individuals
with blepharoptosis were older and were more likely to have high
BMI [10, 11]. The present study aimed to report the association of
refractive errors with blepharoptosis, and the moderating effect of
age group on the association, by using nation-wide, population-
based, cross-sectional data of the Korean National Health and
Nutrition Examination Survey (KNHANES).

MATERIALS/SUBJECTS AND METHODS
Korean National Health and Nutrition Examination Survey and
Participants
This study used data from the KNHANES, which was performed in
2008–2012 by the Korean Centres for Disease Control and
Prevention and the Korean Ministry of Health and Welfare, Sejong,
Republic of Korea. The study design of the KNHANES has been
previously described in detail [12, 13].
A total of 35,648 individuals in KNHANES-IV and V were

identified as candidates for this study. Participants with a history
of ophthalmic surgery, including double-eyelid surgery, refractive
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surgery, or cataract extraction, were excluded (n= 2545), and a
total of 33,103 individuals were finally analysed.
All participants provided written consent before enrolment. The

Institutional Review Board of the Korea Centres for Disease Control
and Prevention (KCDC) reviewed and approved this nationally
representative data study.

Eyelid measurements
Ophthalmic examinations were performed by well-trained
ophthalmologists and residents. The eyelid position was indicated
by MRD1 (marginal reflex distance 1) in millimetres, which was
defined as the distance between the corneal reflex light in the
primary gaze and the upper eyelid margin. When dermatochalasis
compromised the eyelid margin, MRD1 was measured with only
the skin lifted carefully to exclude the effect of sagging skin.
We subdivided MRD1 into five groups: MRD1 ≥ 4mm; 3mm ≤

MRD1 ≤ 3.9 mm; 2 mm ≤MRD1 ≤ 2.9 mm; 1 mm ≤ MRD1 ≤ 1.9 mm;
and MRD1 < 1mm. Blepharoptosis was defined as an MRD1 of less
than 2mm.

Refraction
The refractive data were examined with an autorefractor-
keratometer (KR8800; Topcon, Tokyo, Japan) under non-
cycloplegic conditions. The refractive power was measured at
intervals of 0.25 dioptre (D), and measurements were obtained
three times and the average value was determined. The spherical
power, cylindrical power, and spherical equivalent were measured.
The spherical equivalent was calculated as follows: (spherical D)+
(½×cylindrical D). Cylindrical power was recorded as (−). Astig-
matic types were divided into 3 groups according to the most
powerful meridian: with-the-rule (WTR) of 60–120 degrees;
against-the-rule (ATR) of zero to 30 degrees or 150–180 degrees;
oblique axis (OA) of 31–59 degrees or 121–149 degrees. Only data
from the left eyes were selected for analysis.

Demographic variables
Participants were divided into three groups according to age:
(1) <20 years, (2) 20 to <60 years, or (3) ≥60 years. BMI was
calculated as body weight (kg)/heights2 (m2) and was classified
into three categories as follows: (1) ≤18.5; (2) >18.5 to <25; or
(3) ≥25.

Statistical analysis
Student t test was used for comparisons of the mean spherical
equivalent and degree of astigmatism according to the classifica-
tion variables. Chi-square tests with p for trend were used for
statistical comparisons of astigmatic types according to the eyelid

level. These data were analysed using a moderated regression
model with the Hayes’ PROCESS macro for SPSS [14, 15]. Simple
moderation analysis was used to determine whether the effect of
MRD1 on spherical equivalent and astigmatism varied in
magnitude and nature as a function of the age group. This
analysis identified statistical interactions between variables that
were predictors (MRD1) and variables that were moderators (age
group), and the strength and direction of their effects on the
outcome variable (spherical equivalent and astigmatism) after
adjustment for sex and BMI. Regression analyses were also
performed to assess the influence of MRD1 on spherical
equivalent and astigmatism with moderation by age group.

RESULTS
This study included 33,103 participants. Table 1 shows the
differences in spherical equivalent by classification according to
variables. The mean spherical equivalent was −1.11 ± 2.26 D for
males and −1.09 ± 2.36 D for females, and the difference between
sexes was not statistically significant. The age groups were
distributed as follows: 7,492 participants were <20 years old,
18,116 were 20 to <60 years old, and 7495 were ≥60 years old. The
mean spherical equivalent values in these three age groups were
as follows: −1.82 ± 2.25 D, −1.44 ± 2.25 D, and +0.44 ± 1.79 D,
respectively. The differences in refractive error across age groups
were statistically significant, with the younger groups showing a
greater myopic tendency. In ptotic participants (n= 3305, 9.98%),
spherical equivalent was more obviously hyperopic (−0.28 ± 2.23
D) than that in non-ptotic individuals (−1.13 ± 2.30 D). Mean
spherical equivalent showed more positive change with increasing
BMI. The mean spherical equivalent was −1.39 ± 2.19 D in the
group with BMI less than 18.5 kg/m2, −1.13 ± 2.36 D in the group
with BMI between 18.5 and 25 kg/m2, and −0.91 ± 2.70 D in the
group with BMI above 25 kg/m2, with the differences being
significant (p < 0.01).
In assessment of astigmatism, the mean astigmatism were

−0.76 ± 0.81 D, −0.71 ± 0.71 D, and −1.12 ± 0.85 D, respectively, in
the three age groups. In ptotic eyes, astigmatism increased more
than that in non-ptotic eyes (−0.79 ± 0.77 D, −1.03 ± 0.87 D), and
the increase was statistically significant (p < 0.001). The degree of
astigmatism increased with increasing BMI (Table 1).
Table 2 shows that astigmatic types were significantly different

according to the severity of blepharoptosis. As MRD1 decreased,
the proportion of WTR decreased and ATR and OA increased in a
dose-response relationship (p for trend <0.001). Supplementary
Table 1 shows the moderation model with the spherical
equivalent as the dependent variable. The main effects of MRD1

Table 1. Means and standard deviations of spherical equivalent and astigmatism values by classification variables according to KNHANES 2008–12.

Classification N Spherical equivalent Astigmatism

Sex Male 15068 −1.11 ± 2.26 −0.82 ± 0.81

Female 18035 −1.09 ± 2.36 −0.81 ± 0.76

Age group (years) <20 7492 −1.82 ± 2.25 −0.76 ± 0.81

20 to <60 18116 −1.44 ± 2.25*** −0.71 ± 0.71***

≥60 7495 +0.44 ± 1.79*** −1.12 ± 0.85***

Left ptosis No 29742 −1.13 ± 2.30 −0.79 ± 0.77

Yes 3305 −0.28 ± 2.23*** −1.03 ± 0.87***

BMI (kg/m2) <18.5 4416 −1.39 ± 2.19 −0.67 ± 0.73

18.5 to <25 19325 −1.13 ± 2.36** −0.83 ± 0.78***

≥25 8726 −0.91 ± 2.70** −0.88 ± 0.80***

***p < 0.001, **p < 0.01.
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and age group on the spherical equivalent were also statistically
significant, as MRD1 decreased, the spherical equivalent showed
more positive change (p < 0.01), and older age group had more
positive spherical equivalent (p < 0.001). The interaction term
indicates that the effect of MRD1 on the spherical equivalent is
dependent on the age group. For example, the effect of MRD1
(1–1.9 mm) compared to MRD1 (≥ 4mm) on the spherical
equivalent observed in those younger than 20 years changed by
–0.288 in those aged 60 years or older (interaction 6; p < 0.05).
Thus, the effect of blepharoptosis on the spherical equivalent
(tendency for increased positive change) observed in those
younger than 20 year is counter-balanced or no longer present
in those aged ≥60. BMI was associated with negative change in
the spherical equivalent (p < 0.001). Sex was unrelated to the
spherical equivalent (Supplementary Table 1).
Moderation analysis, controlled for the effects of sex and BMI,

indicated that the effect of overall interaction between MRD1
and age group on the spherical equivalent was significant (R2

change= 0.0007, F= 3.124, p= 0.002).
Conditional effects of the predictor (MRD1) on the spherical

equivalent at the values of the moderator (those aged < 20 years
and those aged 20 to <60 years) showed more positive change as
the MRD1 decreased. In contrast, among those aged over 60 years,
MRD1 was unrelated to the spherical equivalent (Table 3, Fig. 1).
Supplementary Table 2 shows a moderation model with

astigmatism as the dependent variable. The main effects of
factors such as MRD1 and age group on astigmatism were also
statistically significant, as MRD1 decreased, the degree of
astigmatism increased (p < 0.01), and oldest age group (≥60
years) had increased degree of astigmatism (p < 0.001). The
interaction term indicates that the effect of MRD1 on astigmatism
is dependent on the age group (interactions 5 & 8). BMI was
positively associated with the degree of astigmatism (p < 0.001).
However, sex was unrelated to the spherical equivalent.
Moderation analysis, controlling for the effects of sex and BMI,

indicated that the effect of the interaction between MRD1 and age group
on astigmatism was significant (R2 change=0.001, F= 4.840, p<0.001).
The conditional effects of the predictor (MRD1) on astigmatism

at all values of the moderator (all the age groups) revealed that
the degree of astigmatism increased as the MRD1 decreased. In
particular, the relationship was prominent among participants
aged less than 60 years (Table 4, Fig. 2).

DISCUSSION
The relationship of MRD1 with the spherical equivalent differed
across the three age groups. Thus, for participants aged less than
20 years and those aged 20 to less than 60 years, the spherical
equivalent showed more positive change as the MRD1 decreased.
In contrast, for those aged 60 or older, MRD1 was unrelated to the
spherical equivalent. We identified a hyperopic refractive shift in
ptotic eyes in comparison with the non-ptotic eyes. In the groups
with blepharoptosis, the refractive errors were in the direction of
less myopia, which was more evident in the younger than the
older group. The relationship of MRD1 with astigmatism also
differed according to age group. Thus, for all age groups, the
degree of astigmatism increased as the MRD1 decreased. In our
study, astigmatism especially increased in ptotic eyes in

Table 2. Distribution of astigmatic types according to the severity of blepharoptosis.

Astigmatic type MRD1 (mm), n (%)* p

≥4 3–3.9 2–2.9 1–1.9 <1

WTR 6523 (53.8) 5690 (50.0) 2859 (45.8) 1018 (39.8) 251 (33.5) p < 0.001*

ATR 4463 (36.8) 4552 (40.0) 2723 (43.6) 1230 (48.1) 395 (52.7)

OA 1136 (9.4) 1134 (10.0) 661 (10.6) 308 (12.1) 103 (13.8)

WTR with-the-rule, ATR against-the-rule, OA oblique astigmatism.
*p < 0.001 by p for trend.

Table 3. Conditional effects of the predictor (MRD1) on spherical equivalent at values of the moderator (each age group).

MRD1 <20 yr (n= 6964) 20 to <60 yr (n= 18049) ≥60 yr (n= 7374)

B coefficient (95% CI) B coefficient (95% CI) B coefficient (95% CI)

≥4 0 (Reference) 0 (Reference) 0 (Reference)

3–3.9 0.160 (0.042–0.278)** 0.171 (0.100–0.242)*** 0.054 (−0.092 to 0.201)

2–2.9 0.197 (0.056–0.339)** 0.317 (0.224–0.411)*** −0.032 (−0.180 to 0.117)

1–1.9 0.362 (0.149–0.574)** 0.491 (0.337–0.645)*** 0.073 (−0.094 to 0.240)

<1 0.416 (−0.047–0.879) 0.494 (0.121–0.866)** 0.011 (−0.206 to 0.227)

N= 32,387, ***p < 0.001, **p < 0.01. Adjusted for age and BMI.

Fig. 1 The difference in the mean spherical equivalent according
to MRD1 level by age group. Each colour represents a different age
group (<20 years, 20–60 years, ≥60 years). The mean spherical
equivalent showed more positive changes the MRD1 decreased in
participants less than 60 years old.
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participants aged less than 60 years. Our study identified that
blepharoptosis also affected the axis of astigmatism. It caused a
shift towards against-the-rule astigmatism and oblique astigma-
tism, which became more prominent as the MRD1 decreased.
Ptotic eyes showed a higher incidence of astigmatism and

developed surgery-induced astigmatism after blepharoptosis
surgery [5, 16]. Merriam et al. speculated that postoperative eyelid
repositioning contributed to unexpected astigmatism, with non-
significant astigmatism observed in the unoperated eye [16].
Cadera et al. reported that ptotic eyes showed a higher incidence
of astigmatism as well as a tendency toward a postoperative
increase in astigmatism [17]. Wilson et al. described that lid
retraction using a lid speculum caused a shift to less with-the-rule
astigmatism in comparison with eyelids in the normal position
[18]. In addition, Knopf investigated the hyperopic refractive shift
after blepharoptosis correction in some patients [19]. Langford
et al. investigated asymmetric ocular development with elonga-
tion of the superior part in an animal model of congenital
blepharoptosis [20]. However, Byard et al. did not observe a
notable change in the refractive error after levator resection
correction over an extended follow-up period of 36 months [21].
Some data suggest that the refractive error and keratometric

values may be altered by the position of the upper eyelid, even if
the alterations are temporary in most patients after blepharoptosis
surgery [4, 7]. Gullstrand hypothesized that corneal astigmatism
was altered in the with-the-rule direction by pressure on the
eyelids, which was due to the peripheral flattening of the cornea
from compression by the eyelids [22].

Several studies, such as those described above, have supported
a mechanism dependent on changes in position of the eyelid in
the operated eyes. Surgical repositioning of the eyelid exerts
tension on the eyelid, which may increase the curvature and alter
the contour of the corneal surface. Upper eyelid masses such as
chalazions [23, 24] or haemangiomas [24] are associated with a
higher incidence of astigmatic refraction. Several previous studies
showing that surgical elevation of an eyelid causes a change in
refractive errors support the assumption that mechanical com-
pression or pressure changes as a result of the blepharoptosis can
affect refractive errors by exerting pressure on the globe. Most
prior studies have reported changes in the degree of astigmatism
focused on after eyelid surgery. Our study focused on the
relationship between refraction and long-standing blepharoptosis.
We found changes in astigmatism as well as changes in the
hyperopic shift of the spherical equivalent with a large-scale
survey, and the changes appeared irrespective of eyelid surgery.
We hypothesized that the interaction between the eyelid and

opposing corneal surface could be an important factor influencing
the refractive errors. Indeed, the action of the eyelid/corneal
interface can theoretically affect the refractive power, especially
astigmatism and axis. The mechanical effect of the ptotic eyelid
exerted pressure on the cornea and thus induced a hyperopic shift
in the long term. Eyelid compression in blepharoptosis occurs
across a larger corneal surface area and reduces with-the-rule
astigmatism by flattening the cornea overall, increasing the
degree of astigmatism, and decreasing myopia.
We also found that the refractive power shift to the hyperopic

direction and higher astigmatism in ptotic eye was more
prominent in groups with younger age and higher BMI. We
intend to describe the explanation of the refractive change under
the influence of the eyelid position with two theories: eyelid
tension theory (age-related) and excess tissue theory (volume-
related).
First, the tightness of the eyelid may affect the refractive power

under mechanical forces. Eyelid laxity increased with the aging
process. Loss of elasticity in the connective tissue of the eyelid
may also contribute to a less compressive effect on the globe in
the elderly population. On the other hand, younger individuals
have tighter and more tense eyelids than older individuals,
leading to increased pressure on the corneal surface, which causes
corneal flattening and a hyperopic shift. This result may explain
why the changes in refractive power were more noticeable in
younger individuals with tighter eyelids than in older participants.
Second, excess tissues such as skin and muscle can be expected to
accentuate the effect of the eyelids on the ocular surface.
Zinkernagel et al. reported that astigmatic changes were more
evident after blepharoplasty with reduction of entire fat pads in
comparison with cases of skin-only excisional blepharoplasty [6].
Wei et al. have shown that individuals with a higher BMI were
more likely to have more hyperopic refractive power [25]. Such
individuals tend to have thick and bulky eyelids, so more
pronounced mechanical compression could be expected. These
assumptions can explain why even individuals with a high BMI

Table 4. Conditional effects of the predictor (MRD1) on the degree of astigmatism at values of the moderator (each age group).

MRD1 <20 yr (n= 6964) 20 to <60 yr (n= 18049) ≥60 yr (n= 7374)

≥4 0 (Reference) 0 (Reference) 0 (Reference)

3–3.9 −0.044 (−0.086 to −0.002)* −0.025 (−0.050 to 0.000) −0.053 (−0.1052 to −0.001)*

2–2.9 −0.113 (−0.164 to −0.062)*** −0.067 (−0.101 to −0.034)*** −0.057 (−0.1110 to −0.004)*

1–1.9 −0.176 (−0.252 to −0.100)*** −0.048 (−0.103 to 0.007) −0.142 (−0.202 to −0.083)***

<1 −0.426 (−0.591 to −0.261)*** −0.320 (−0.453 to −0.187)*** −0.054 (−0.132 to 0.023)

N= 32,476, ***p < 0.001, **p < 0.01.

Fig. 2 The difference in mean astigmatism according to the MRD1
level in eachage group. Mean astigmatism increased as MRD1
decreased in all age groups,except in patients older than 60 years.
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tend to show a shift to higher astigmatism with voluminous and
fatty eyelids.
In the present study, the relationship between BMI and the

spherical equivalent exhibited a tendency for positive change as
the BMI increased in univariate analysis (Table 1), but a negative
correlation in the multivariate analysis after adjustment for sex and
age (Supplementary Table 1). These results in the multivariate
analysis are considered to be an effect of age adjustment rather
than sex. Several studies have shown that BMI was associated with
refractive errors. Studies have reported associations between
increased BMI and myopic refractions [26, 27], higher BMI and
hyperopic refraction [25, 28], or have reported no association
between BMI and refraction [29]. These contradictory results can
occur because BMI is a systemic factor which can be affected by
many diverse factors; therefore the results may be different for
each studies. In addition, refraction is influenced by multiple
environmental factors besides BMI, and the possibility of being
affected by other factors that were not adjusted in this study
cannot be overlooked [30]. BMI is a systemic factor associated with
general obesity, so there may be a discrepancy with the local effect
on the eyelid since it is not able to represent the entire eyelid
volume. Regarding the relationship between BMI and astigmatism,
however, the degree of astigmatism increased consistently as the
BMI increased in both the univariate and multivariate analyses. The
effect of blepharoptosis on astigmatism is less than that on the
spherical equivalent.
This study had some limitations. First, the refractive error was

measured using assessments of non-cycloplegic refraction in
KNHANES, which may have resulted in inaccurate outcomes.
However, the association of the refraction in ptotic eyes and non-
ptotic eyes was consistent, indicating that this approach was not
disadvantageous for large-scale research. Second, we did not
obtain any keratometric values or corneal curvature measure-
ments. Finally, MRD1 was not measured by one expert, but by
several inspectors, which may have resulted in inter-observer
variations. Despite these limitations, our study was designed on
the basis of a nationwide Korean population-based survey, and we
have provided considerable outcomes through a large-scale study.
We evaluated whether more severe blepharoptosis is associated
with a greater effect on refraction in a large population-
based study.
In conclusion, less myopic eyes and high astigmatism were

more likely to be encountered in individuals with blepharoptosis,
with this effect dependent on the age group. Young people less
than 60 years of age showed significant changes according to the
position of the eyelid. The degree of astigmatism increased in
participants with higher BMI. These results support the mechanical
effect of the ptotic eyelid on the ocular surface.

SUMMARY

What was known before

● There were no prior large-scale population surveys about
refraction differences in relation to blepharoptosis.

What this study adds

● Hyperopic shift and higher astigmatism were significantly
associated with blepharoptosis.

● Mechanical compression of the ptotic eyelid can affect the
ocular surface, resulting in refractive changes, which are more
evident in individuals younger than 60 years due to increased
eyelid tension.

● The degree of astigmatism increased as MRD1 decreased,
which was evident in individuals with higher BMI.
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