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Abstract

Background The present study aimed to explore the association between body composition indices, such as fat mass (FM)
and lean body mass (LBM), and blepharoptosis.

Methods The study evaluated 12,168 Korean adults aged 40 years or older using data from the Korea National Health and
Nutrition Examination Survey (2008-2011). FM index (FMI, kg/mz) and LBM index (LBMI, kg/mz) were used to correct
for the effects of body size. Multivariable logistic regression analysis was performed to investigate the association between
blepharoptosis and body composition indices such as FMI, LBMI, and fat percentage of whole body or head. Stratified
analyses were also performed by levator function.

Results Higher FMI and head fat percentage were significantly associated with blepharoptosis (adjusted odds ratio [aOR] =
1.35, 95% confidence interval [CI] = 1.10-1.65; and aOR = 1.32, 95% CI = 1.03-1.69 in the highest tertile compared with
the lowest, respectively). In the subgroup with good levator function (=8 mm), higher FMI, head fat percentage, and head
lean mass were significantly associated with blepharoptosis (aOR for the right eye [aORr] = 1.42 and aOR for the left eye
[aOR1] = 1.36; aORr = 1.41 and aORIl = 1.37; and aORr = 1.50 and aORI = 1.49 in the highest tertile compared with the
lowest, respectively; all p <0.05).

Conclusions Body compositions with high adiposity indices, such as high FMI and head fat percentage, were positively
associated with blepharoptosis. Awareness of the potential correlation between obesity-associated fat deposition and ble-
pharoptosis could improve management of the condition and contribute to understanding the pathogenesis of blepharoptosis.

Introduction prevalence of 13.5% in the Korean population over 40 years
of age, which further advances with age, reaching a pre-
Blepharoptosis is a common condition defined as an  valence of up to 30% in those aged 70 years or older [1].
abnormally low-lying upper eyelid margin, with a  Blepharoptosis sometimes occurs in isolation but can also
be a clinical manifestation of other health conditions, such
as neurological, immunological, cerebral, and vascular
disorders [2]. Blepharoptosis is classified as being either
congenital or acquired based on its onset [3]. Acquired
4 Su-Min Jeong blepharoptosis is further categorised into myogenic, neu-
smjeong.fm@gmail.com rogenic, aponeurotic, mechanical, or traumatic type based
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optosis, aponeurotic blepharoptosis, also known as involu-
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eyelids, while levator function of eyelids with myogenic or
neurogenic blepharoptosis is weaker than that of normal
eyelids [8]. Histologically, significant fatty infiltration of the
levator muscle/aponeurosis and Miiller’s muscle was pri-
marily observed in eyelids with aponeurotic blepharoptosis,
which is associated with stretching or dehiscence of the
levator aponeurosis [9].

Several epidemiological studies have suggested a
potential association between blepharoptosis and general
body condition, especially obesity [10—13]. These prior
studies evaluated obesity using body mass index (BMI),
waist circumference (WC), or body fat percentage, and
demonstrated that obesity and blepharoptosis are positively
associated [10]. Although BMI is widely used to identify
the presence of obesity, this index is not able to differentiate
between fat mass (FM) and lean body mass (LBM). To
the best of our knowledge, no prior report has evaluated the
potential association between blepharoptosis and body
composition indices such as FM and LBM. Because FM
and LBM could have different effects on health outcomes
[14, 15], the present study aimed to investigate the potential
association between blepharoptosis and various body
composition indices using data from the Korea National
Health and Nutrition Examination Survey (KNHANES).

Materials and methods
Study population

Data from 2008 to 2011 in the KNHANES were used. The
KNHANES, conducted by the Korea Center for Disease
Control and Prevention, is a nationwide, representative
cross-sectional survey using a clustered, multistage, strati-
fied, and probability-sampling design. The survey includes
demographic, socioeconomic, medical, and dietary infor-
mation [16]. Ophthalmologic interviews and examinations
have been conducted as a part of the survey since 2008 [17].

In the present study, we initially included 16,109 parti-
cipants aged 40 years or older, taking into account the high
prevalence of aponeurotic blepharoptosis in older adults. In
addition, we excluded subjects with thyroid disease (n =
374) or facial palsy after stroke (n=45) that could affect
the position or motility of the upper eyelid. We also
excluded 3522 subjects without adequate data regarding
body composition or blepharoptosis. Finally, 12,168 parti-
cipants that had undergone both ophthalmologic examina-
tion and dual-energy X-ray absorptiometry (DXA) to
examine body composition were included. This survey was
reviewed and approved by the Institutional Review Board
of the Korea Centers for Disease Control and Prevention
(2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-
21-C and 2011-02CON-06-C), and all participants
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provided written informed consent prior to beginning the
survey. This work was carried out following the tenets of
the Declaration of Helsinki.

Assessment of blepharoptosis

Ophthalmologic examinations were performed by ophthal-
mologists affiliated with the Korean Ophthalmologic
Society. Marginal reflex distance 1 (MRD1) was measured
as follows: After positioning the participant’s eye at the
physician’s eye level, the participant was asked to look
straight and relax while focusing on a distant target. When
the physician shone a penlight into the participant’s eye, the
distance from the corneal light reflex to the upper eyelid
margin was measured in millimetres [17]. Blepharoptosis
was defined as an MRDI1 in primary position of <2 mm in
either eye [16, 18].

Levator function was calculated by measuring the dis-
tance between the upper eyelid excursion from full down-
gaze to full upgaze without frontalis muscle contraction.
Participants were divided into two groups for stratified
analysis, with either good levator function (=8 mm) or fair
levator function (<8 mm) [4].

Anthropometric measurements and body
composition analyses

Body weight, height, and WC were measured to the nearest
0.1kg, 0.1cm, and 0.1 cm, respectively, with subjects
wearing light clothing and without shoes. BMI was calcu-
lated as weight (kg) divided by squared height (m?). Body
components, including FM, LBM, and fat percentage, were
measured using a DXA scanner (QDR 4500A, Hologic Inc.,
Waltham, MA, USA). FM and LBM were respectively
converted to FM index (FMI: FM [kg] divided by height
[mz]) and LBM index (LBMI: LBM [kg] divided by height
[mz]) to correct for the effect of body size [19], as FM and
LBM are largely determined by height [20]. FMI and LBMI
were initially proposed as body composition indices nor-
malised to height for nutritional assessment [21]. In the
present study, FMI, LBMI, and fat percentage were divided
into sex-specific tertiles with tertile 1 as the lowest, and
tertile 3 as the highest. The first tertile was set as the
reference. For head lean mass, we excluded contribution of
bone mass by subtracting head bone mass from head lean
mass, such that head lean mass could be used as a proxy for
head muscle mass.

Covariates
Smoking status was categorised as non-smoker or current

smoker based on a self-reported questionnaire. Regular
physical activity was defined as performing strenuous
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exercise for more than 20 min at least 3 days per week.
Hypertension was defined as mean systolic blood pressure
>140 mm Hg, mean diastolic blood pressure 290 mm Hg, or
an affirmative survey response to taking antihypertensive
medicine. Diabetes was defined as fasting blood glucose
>126 mg/dL, or an affirmative survey response to taking
hypoglycaemic agents or having a history of physician-
diagnosed diabetes. The presence of strabismus was asses-
sed using the cover-uncover test, prism and alternate cover
test, and/or Krimsky test. Strabismus was defined as a
manifest or latent ocular deviation at distance or near fixa-
tion, including esodeviation >10 prism dioptres, exodevia-
tion 215 prism dioptres, or any vertical deviation.

Statistical analysis

All statistical analyses were conducted using Stata version
ver. 14.1 (Stata Corp, College Station, TX). To reflect
nationally representative prevalence estimates, weights were
assigned to each subject to allow an equal probability for
sampling. A two-sided P value < 0.05 was considered to be
statistically significant. Baseline characteristics of partici-
pants according to the presence or absence of blephar-
optosis are presented as mean + standard error (SE) for
continuous variables, or as proportions (%) for categorical
variables. Student’s ¢ tests and Chi-square tests were con-
ducted to compare differences in participant characteristics
between participants with and without blepharoptosis.
Multivariable logistic regression analyses were performed
to explore the strength of the association between body
composition and blepharoptosis. Model 1 was adjusted for
age and sex, model 2 was adjusted for smoking status and
physical activity levels in addition to age and sex, and
model 3 was furthermore adjusted for hypertension, dia-
betes, and strabismus. Model 4 was mutually adjusted for
LBMI and FMI to investigate the independent associations
of each variable. For example, LBMI was examined in
relation to blepharoptosis with an additional adjustment for
FMI, and vice versa. Body fat percentage and head fat
percentage were additionally adjusted for BMI and head
weight, respectively, in model 4. In a stratified analysis by
levator function, we fully adjusted for all variables included
in model 4.

Results

Baseline characteristics

All baseline characteristics and their association with ble-
pharoptosis are shown in Table 1. The mean age of the

study population was 55.3 years (SE, 0.2), and females
comprised 51.4% of the participants. In total, 14.1% of the

participants had blepharoptosis. Participants with blephar-
optosis were more likely to have higher BMI, WC, and
body fat percentage (all p values <0.001). LBMI was not
associated with blepharoptosis (p =0.917), but FMI was
higher in participants with blepharoptosis than in partici-
pants without blepharoptosis (7.0 vs 6.7 kg/m%, p <0.001).
Higher head fat percentage and lower head lean mass were
associated with the presence of blepharoptosis (all p values
<0.001).

Association between body composition and
blepharoptosis

The association between whole body composition and
blepharoptosis was analysed using multivariable logistic
regression, as shown in Table 2. Increased BMI (adjusted
odds ratio [aOR] = 1.05, 95% confidence interval [CI] =
1.03-1.07, p<0.001) and WC (aOR =1.02, 95% CIl=
1.01-1.03, p <0.001) were associated with blepharoptosis
in model 3. Body fat percentage was not significantly
associated with blepharoptosis after additional adjustment
for BMI in model 4 (aOR =1.14, 95% CI =0.89-1.46 in
the highest tertile compared with the lowest, p = 0.333).
Higher LBMI was significantly associated with blephar-
optosis in model 3 (aOR =1.25, 95% CI =1.06-1.48 in
the highest tertile compared with the lowest, p = 0.009),
but the association in model 4 became insignificant after
mutual adjustment for FMI (aOR=1.13, 95% CI=
0.93-1.38, p=0.207). By contrast, higher FMI was sig-
nificantly associated with blepharoptosis in model 4, even
after mutual adjustment for LBMI (aOR =1.35, 95%
CI=1.10-1.65 in the highest tertile compared with the
lowest, p = 0.005).

The associations between head composition and ble-
pharoptosis was analysed using multivariable logistic
regression analysis, and is shown in Table 3. Higher head
fat percentage was significantly associated with blephar-
optosis in model 4 independent of total head weight (aOR
=1.32, 95% CI = 1.03-1.69 in the highest tertile compared
with the lowest, p =0.027). In model 4, the associations
between head LM and head FM and blepharoptosis were
insignificant (all p values > 0.05).

Stratification by levator function

In Table 4, we conducted stratified analyses by levator
function categories for each eye with mutual adjustment. In
the subgroup with good levator function (=8 mm), higher
FMI was significantly associated with blepharoptosis
(aOR =1.42, 95% CI=1.14-1.77 in the highest tertile for
the right eye, p=0.002; and aOR =1.36, 95% CI=
1.09-1.71 in the highest tertile for the left eye, p = 0.007).
However, LBMI and body fat percentage were not
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Table 1 Baseline participant

characteristics. Blepharoptosis
Characteristic Total (n=12,168) No (n=10,274) Yes (n=1,894) P value
Age, years, mean (SE) 55.3(0.2) 54.1 (0.2) 63.1 (0.4) <0.001
4049, % (SE) 41.2 (0.8) 45.1 (0.2) 17.2 (0.4) <0.001
50-59, % (SE) 28.1 (0.6) 28.6 (0.7) 25.0 (0.6)
60-69, % (SE) 17.4 (0.4) 15.9 (1.0) 26.8 (1.0)
270, % (SE) 13.3 (0.4) 10.4 (1.3) 31.0 (1.3)
Sex, female, % (SE) 51.4 (0.5) 51.4 (0.5) 51.1 (1.4) 0.830
BMI, kg/m?, mean (SE) 23.9 (0.03) 23.9 (0.04) 24.3 (0.08) <0.001
WC, cm, mean (SE) 82.9 (0.1) 82.6 (0.1) 85.0 (0.3) <0.001
Height, cm, mean (SE) 161.5 (0.1) 161.8 (0.1) 159.4 (0.3) <0.001
Whole LBM, kg, mean (SE) 40.8 (0.1) 41.0 (0.1) 39.8 (0.3) <0.001
Whole FM, kg, mean (SE) 17.4 (0.1) 17.4 (0.1) 17.7 (0.2) 0.568
Body fat percentage, %, 28.0 (0.1) 27.9 (0.1) 28.8 (0.3) 0.003
mean (SE)
Whole LBMI, kg/m?, mean (SE) 15.5 (0.03) 15.5 (0.03) 15.4 (0.06) 0.917
Whole FMI, kg/m?, mean (SE) 6.8 (3.2) 6.7 (3.3) 7.0 (7.4) <0.001
Head lean mass, kg, mean (SE) 1.99 (0.01) 2.00 (0.02) 1.98 (0.03) 0.014
Head FM, kg, mean (SE) 0.93 (0.003) 0.93 (0.004) 0.92 (0.006) <0.001
Head fat percentage, %, 1.95 (0.02) 1.92 (0.02) 2.14 (0.04) <0.001
mean (SE)
Current smoker, yes % (SE) 23.2 (0.5) 23.4(0.5) 22.0 (1.2) 0.285
Regular physical activity, 16.4 (0.5) 16.9 (0.5) 13.2 (1.0) 0.002
yes, % (SE)
Hypertension, yes, % (SE) 35.7 (0.6) 33.3 (0.6) 50.2 (1.5) <0.001
Diabetes, yes, % (SE) 11.7 (0.4) 10.8 (0.4) 17.7 (1.0) <0.001
Levator function, Right/Left, % (SE)
>8 mm 94.7 (0.5)/ 97.2 (0.4)/ 79.0 (1.9) <0.001
94.7 (0.6) 97.1 (0.4) 79.5 (1.8)
<8 mm 5.3 (0.6)/53 (0.6) 2.8 (0.4)/2.9 (0.5) 21.0 (1.9)/ <0.001
20.4 (1.8)
Strabismus, yes, % (SE) 1.2 (0.1) 1.0 (0.1) 2.6 (0.5) 0.001
Cataract, yes, % (SE) 39.5 (1.0) 35.5 (1.0) 63.9 (2.2) <0.001

BMI body mass index, WC waist circumference, LBM lean body mass, FM fat mass, LBMI lean body mass
index, FMI fat mass index, SE standard error.

significantly associated with blepharoptosis in the subgroup
with good levator function.

In the subgroup with good levator function (=8 mm),
higher head lean mass and head fat percentage were sig-
nificantly associated with blepharoptosis, but head FM was
not significantly associated with blepharoptosis: (1) head
lean mass (aOR = 1.50, 95% CI = 1.04-2.15 in the highest
tertile for the right eye, p =0.029; and aOR = 1.49, 95%
CI=1.04-2.14 in the highest tertile for the left eye, p =
0.032); and (2) head fat percentage (aOR = 1.41, 95% CI =
1.08-1.85 in the highest tertile for the right eye, p = 0.013;
and aOR = 1.37, 95% CI = 1.06-1.78 in the highest tertile
for the left eye, p = 0.018). In the subgroup with fair levator
function (<8 mm), none of the body composition indices
were significantly associated with blepharoptosis.
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Discussion

In the present study, we identified that obesity and body
composition were significantly associated with blephar-
optosis. Among general obesity indices, blepharoptosis was
significantly associated with higher BMI and WC. Among
whole body or head composition indices, blepharoptosis
was significantly associated with higher head fat percentage
and higher FMI, independent of LBMI. In a stratified ana-
lysis only for presumed aponeurotic blepharoptosis with
good levator function (28 mm) [4], blepharoptosis was
significantly associated with higher FMI, head fat percen-
tage, and head lean mass.

Only a few prior studies have evaluated the association
between blepharoptosis and general obesity or body
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Table 2 Association between whole body composition and blepharoptosis.
OR (95% CI) aOR (95% CI)

Parameter Crude p value Model 1 p value Model 2 p value Model 3 p- value Model 4 p value

BMI 1.03 <0.001 1.06 <0.001 1.06 <0.001 1.05 <0.001 NA NA
(1.02-1.05)* (1.04-1.08)* (1.04-1.08)* (1.03-1.07)*

WwC 1.03 <0.001 1.02 <0.001 1.02 <0.001 1.02 <0.001 NA NA
(1.02-1.04)* (1.01-1.03)* (1.02-1.03)* (1.01-1.03)*

Body fat percentage

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 1.32 0.034 145 0.037 1.48 0.033 1.16 0.068 1.06 0.543
(1.09-1.60)* (1.16-1.82)* (1.17-1.86)* (0.99-1.36) (0.89-1.27)

Tertile 3 1.80 <0.001 1.73 0.001 1.77 0.001 1.34 0.003 1.14 0.333
(1.33-2.43)* (1.21-2.49)* (1.22-2.55)* (1.11-1.63)* (0.89-1.46)

P for trend <0.001 0.001 0.001 0.003 0.306

LBMI

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 1.08 0833 1.15 0.043 1.16 0.035 1.16 0.060 1.09 0.265
(0.93-1.27) (0.97-1.36)* (0.98-1.37)* (0.99-1.35) (0.93-1.29)

Tertile 3 1.00 0.857 1.37 0.002 1.38 0.001 1.25 0.009 1.13 0.207
(0.86-1.17) (1.11-1.68)* (1.12-1.70)* (1.06-1.48)* (0.93-1.38)

P for trend 0.982 0.003 0.002 0.009 0.235

FMI

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 1.05 0228 1.26 0.099 1.28 0.077 1.13 0.143 1.10 0.276
(0.88-1.26) (1.03-1.54) (1.04-1.56) (0.96-1.31) (0.93-1.30)

Tertile 3 1.35 <0.001 1.35 <0.001 1.60 <0.001 1.40 <0.001 1.35 0.005
(1.15-1.59)* (1.27-1.95)* (1.28-1.99)* (1.18-1.66)* (1.10-1.65)*

P for trend <0.001 <0.001 <0.001 <0.001 0.004

Model 1 was adjusted for age and sex; model 2 was additionally adjusted for smoking status and regular exercise; model 3 was additionally
adjusted for diabetes, hypertension, and strabismus; and model 4 was mutually adjusted for LBMI and FMI (for example, LBMI was examined
with additional adjustment for FMI and vice versa). In model 4, body fat percentage was additionally adjusted for BMIL.

OR odds ratio, aOR adjusted odds ratio, CI confidence interval, NA non-applicable, BMI body mass index, WC waist circumference, LBM lean

body mass, FM fat mass, LBMI lean body mass index, FMI fat mass index.

*p value < 0.05.

composition [10, 11]. Paik et al. investigated the association
between blepharoptosis and obesity indices including BMI,
WC, and body fat percentage in 10,285 adults aged 40 years
or older [10]. Paik et al. demonstrated that each index was
significantly associated with blepharoptosis prevalence and
severity. Koh et al. evaluated the association between ble-
pharoptosis and metabolic syndrome determined by WC,
hypertension, and blood chemistry, and also found that
blepharoptosis was associated with WC and other obesity
indices [11]. Consistent with prior studies, the present study
demonstrated that higher BMI and WC were associated with
blepharoptosis, suggesting that general obesity could be a
potential risk factor for blepharoptosis. However, unlike the
study by Paik et al. [10], the present study found that body
fat percentage was not significantly associated with ble-
pharoptosis after adjusting BMI in model 4. Additional
adjustment for BMI to reflect body size [22] in the present
study could account for this inconsistency between studies.

The present study was designed to investigate body
composition indices as potential risk factors for blephar-
optosis in addition to traditional obesity indices. In this
study, higher FMI and head fat percentage were associated
with blepharoptosis in adults aged 40 years or older.
Although the underlying mechanism is unclear, these two
indices reflect obesity, especially adiposity. Peltz et al.
suggested that FMI, as a selective measure of adiposity, is
in some cases a more accurate index for obesity than BMI,
based on the observation of a large discrepancy
(9.2-32.8%) between BMI and body fat percentage for
defining obesity [23]. Obesity, represented by high FMI,
may induce insulin resistance and chronic inflammation
driven by both obesity itself and obesity-related comor-
bidities [24]. Shirado reported that dyslipidemia is asso-
ciated with blepharoptosis (odds ratio =4.01) in a study of
251 subjects aged 60 years or older [25]. This study sug-
gested that obesity-related dyslipidemia can impair
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Table 3 Association between head composition and blepharoptosis.

OR (95% CI)

aOR (95% CI)

Crude p value Model 1 p value Model 2 p value Model 3 p value Model 4 p value

Head lean mass

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 0.98 0.796 1.21 0.038 1.22 0.034 1.20 0.050 1.24 0.093
(0.81-1.17) (1.01-1.45)* (1.01-1.46)* (0.99-1.43)* (0.97-1.58)

Tertile 3 0.95 0.607 1.29 0.023  1.29 0.020 1.26 0.041 1.39 0.084
0.77-1.17) (1.04-1.60)* (1.04-1.61)* (1.01-1.57)* (0.96-2.01)

P for trend 0.607 0.021 0.019 0.038 0.081

Head fat mass

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 0.92 0.339 1.14 0.136  1.14 0.122  1.12 0.188 093 0.620
(0.78-1.09) (0.96-1.36) (0.96-1.36) (0.94-1.34) (0.71-1.22)

Tertile 3 0.83 0.085  1.09 0.467  1.09 0.443  1.06 0.641 0.85 0.408
(0.67-1.02) (0.87-1.36) (0.87-1.37) (0.84-1.33) (0.60-1.23)

P for trend 0.078 0.441 0.418 0.618 0.387

Head fat percentage

Tertile 1 1.00 1.00 1.00 1.00 1.00

Tertile 2 1.79 <0.001 1.34 0.003 1.34 0.003 1.32 0.005 1.32 0.005
(1.49-2.15)* (1.11-1.62)* (1.11-1.63)* (1.09-1.61)* (1.09-1.60)*

Tertile 3 1.99 <0.001 1.37 0.012  1.37 0.011  1.33 0.023  1.32 0.027
(1.58-2.49)* (1.07-1.75)* (1.08-1.75)* (1.04-1.71)* (1.03-1.69)*

P for trend <0.001 0.014 0.014 0.029 0.033

Model 1 was adjusted for age and sex; model 2 was additionally adjusted for smoking status and regular exercise; model 3 was additionally
adjusted for diabetes, hypertension, and strabismus; and model 4 was mutually adjusted for head LM and FM. In model 4, head fat percentage was

additionally adjusted for total head weight.
OR odds ratio, aOR adjusted odds ratio, CI confidence interval.
*p value < 0.05.

microvascular blood flow to the eyelids, subsequently
inflicting hypoxic damage on the upper eyelid retractor,
which could cause degenerative changes and fatty infiltra-
tion of the upper eyelid retractors [25].

Head fat percentage, another potential risk factor, is more
likely to reflect the fat distribution around the orbit com-
pared with other body fat indices such as whole-body fat
percentage or head FM. In obese subjects, hypertrophy of
the preaponeurotic fat or retro-orbicularis oculi fat (ROOF)
could develop, and heavy loads on the levator can adversely
affect the margin level and retractor efficacy of the upper
eyelid. Paik et al. also speculated that increased fat volume
could increase downward mechanical pressure on the upper
eyelid [10]. Intense stretching of the levator aponeurosis
due to increased fat burden, combined with tissue damage
resulting from microvascular impairment, could cause
detachment or dehiscence of the aponeurosis, which could
contribute to aponeurotic blepharoptosis.

Paik et al. described that a limitation of their study
regarding the association between obesity and involutional
blepharoptosis was that levator function was not considered,
and therefore that various types of blepharoptosis other than
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aponeurotic blepharoptosis were also included in the ana-
lysis [10]. Because aponeurotic ptosis is known to present
with good levator function of 8 mm or larger, we conducted
separate analyses for subgroups with good (28 mm) and fair
(<8 mm) levator function in each eye. Interestingly, FMI
(aOR = 1.42 for the right and 1.36 for the left) and head fat
percentage (aOR = 1.41 for the right and 1.37 for the left)
were significant risk factors for blepharoptosis in the good
levator function group, but were insignificant in the fair
levator function group. These findings suggest that adip-
osity is associated only with aponeurotic blepharoptosis, but
not with other types of blepharoptosis.

Most prior studies evaluating the relationships between
obesity and blepharoptosis have focused on the harmful
effects of obesity and body fat, while neglecting the effect
of LBM, a counterpart of FM [10-13]. In the present study,
the positive association between LBMI and blepharoptosis
was statistically insignificant after mutual adjustment for
FMI, suggesting that the positive association of LBMI with
blepharoptosis could be due to the confounding effect of
FMI, as obese subjects tend to have high muscle mass as
well as high FM [26]. Unlike LBM/LBMI, higher head lean
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Table 4 Association between body composition and blepharoptosis, stratified by levator function.
Levator function Right Left
28 mm <8 mm >8 mm <8 mm
n=11,435 n="733 n=11,438 n="730
Blepharoptosis, n (%) 1309 (11.5%) 398 (54.3%) 1345 (11.8%) 395 (54.1%)
aOR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value
Whole body composition
Body fat percentage
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 1.13 (0.93-1.38)  0.217 0.86 (0.55-1.34) 0.497 1.07 (0.88-1.31)  0.503 0.81 (0.51-1.30) 0.385
Tertile 3 1.14 (0.88-1.48)  0.320 0.81 (0.43-1.53) 0.514 1.19 (0.91-1.55)  0.205 0.94 (0.49-1.78) 0.846
P for trend 0.341 0.334 0.203 0.886
LBMI
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 1.06 (0.87-1.28)  0.569 1.17 (0.74-1.87)  0.495 1.08 (0.90-1.30)  0.419 1.24 (0.79-1.96) 0.352
Tertile 3 1.17 (0.95-1.44)  0.135 1.05 (0.60-1.85) 0.864 1.12 (0.92-1.38)  0.256 1.09 (0.64-1.86) 0.754
P for trend 0.03 0.713 0.034 0.731
FMI
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 1.14 (0.93-1.39)  0.204 0.89 (0.56-1.43) 0.627 1.07 (0.88-1.29)  0.516 0.84 (0.53-1.33) 0.452
Tertile 3 1.42 (1.14-1.77)*  0.002 0.93 (0.53-1.61)  0.790 1.36 (1.09-1.71)*  0.007 1.11 (0.64-1.93) 0.714
P for trend 0.417 0.528 0.454 0.938
Head composition
Head lean mass
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 1.26 (0.97-1.63)  0.084 1.12 (0.55-2.29) 0.749 1.31 (1.02-1.68)*  0.038 0.97 (0.47-1.99) 0.935
Tertile 3 1.50 (1.04-2.15)* 0.029 0.83 (0.29-2.35)  0.729 1.49 (1.04-2.14)* 0.032 0.84 (0.30-2.36) 0.737
P for trend 0.03 0.713 0.034 0.731
Head fat mass
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 0.97 (0.74-1.26)  0.800 1.09 (0.51-2.32)  0.826 0.94 (0.72-1.22)  0.618 0.92 (0.44-1.95) 0.836
Tertile 3 0.87 (0.61-1.24)  0.437 1.34 (0.52-3.43)  0.541 0.87 (0.61-1.25)  0.455 1.03 (0.39-2.68) 0.956
P for trend 0.417 0.528 0.454 0.938
Head fat percentage
Tertile 1 1.00 1.00 1.00 1.00
Tertile 2 1.42 (1.13-1.79)*  0.003 0.92 (0.56-1.52)  0.740 1.40 (1.11-1.76)*  0.004 0.77 (0.48-1.24) 0.283
Tertile 3 1.41 (1.08-1.85)* 0.013 1.02 (0.58-1.,81) 0.939 1.37 (1.06-1.78)*  0.018 0.99 (0.59-1.66) 0.965
P for trend 0.341 0.527 0.203 0.886

aOR was adjusted for age, sex, smoking status, regular exercise, diabetes, hypertension, and strabismus, and mutually adjusted for LBMI, FMI,
head LM, and FM. Body fat percentage and head fat percentage were additionally adjusted for BMI and total head weight, respectively.

aOR adjusted odds ratio, CI confidence interval, LBMI lean body mass index, FMI fat mass index.

*p value < 0.05.

mass was associated with blepharoptosis, independent of
head FM, in stratified analysis for the subgroup with good
levator function. Although lean mass is generally thought to
have favourable effects on health outcomes for conditions
such as insulin resistance [27], some studies suggested that
LBM had unfavourable effects on some conditions such as
osteoarthritis and hypertension [28, 29]. A prior study

suggested that increased mechanical loading on the joints
by skeletal muscle mass could be related to its negative
impact on osteoarthritis [28]. Similarly, higher head lean
mass could impair the levator aponeurosis by increasing
mechanical loading. However, further studies are needed to
verify that head lean mass has an unfavourable impact on
blepharoptosis.
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The present study has several limitations that should be
acknowledged to avoid its overinterpretation. First, we cannot
clarify causality due to the inherent nature of the cross-
sectional study design. However, it is unlikely that blephar-
optosis causes high FMI or head fat percentage, rather than
the reverse. Second, we could not classify blepharoptosis
subtype, and lacked information regarding whether the sub-
jects had a prior history of surgical interventions for ble-
pharoptosis. However, the present study used large-scale data
from a representative Korean population, and excluded sub-
jects with possible neurologic or mechanical aetiologies of
blepharoptosis. Furthermore, we performed stratified analyses
by category according to levator function to address apo-
neurotic blepharoptosis. Third, our findings might not be
generalisable, as we included only Korean subjects, and
eyelid structure varies between ethnicities. Further replicative
studies in Western countries are needed.

In conclusion, high adiposity traits, such as high FMI and
high head fat percentage, were positively associated with
the presence of blepharoptosis in adults, and these findings
suggested that obesity-associated fat deposition is a possible
risk factor for blepharoptosis in older adults. In addition, we
uncovered a potentially unfavourable role for head lean
mass in blepharoptosis, which should be explored in future
studies. Further studies are needed to evaluate whether
obesity control could prevent blepharoptosis.

Summary
What was known before

e Obesity has been suggested as the pathogenesis of
blepharoptosis.

e However, studies on the relationship between body
composition and blepharoptosis are insufficient.

What this study adds

e In this cross-sectional study, the higher FM index and
head fat percentage were significantly associated with
blepharoptosis.

e Awareness of the potential correlation between obesity-
associated fat deposition and blepharoptosis could
improve understanding of the pathogenesis of
blepharoptosis.
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