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ABSTRACT

Introduction: Characterizing lens thickness
(LT) in patients with cataracts is important for
better understanding the lens aging process and
for designing new intraocular lens power for-
mulas. This study aimed to analyze the influ-
ence of common senile cataract formation on
the LT, anterior (ACS) and posterior (PCS) cor-
tex space, and nuclear thickness (NT), control-
ling for sex, age, and axial length.

Prior presentation The outcomes of this study were
presented at the 26th EVER (European Association for
Vision and Eye Research) Congress on October 26-28,
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Methods: A cross-sectional study was per-
formed. A consecutive sample of 603 volunteers
(403 women, 200 men) aged 59.1 + 18.8 years
was recruited. The standardized Lens Opacifi-
cation Classification System (LOCS)-III was used
to classify eyes (randomly selected) into
cataractous and non-cataractous groups. Also,
they were classified according to the cataract
location (presence or absence of cortical,
nuclear, or posterior subcapsular cataract).
Optical biometry was performed to measure LT,
ACS, NT, and PCS. Propensity score was used to
match participants one-to-one for sex, age, and
axial length. Groups were compared using the
Student’s t test or Yuen'’s test.

Results: The four classifications divided
unmatched eyes into: 361 cataractous lenses
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and 242 non-cataractous, 226 cortical and 377
non-cortical cataractous, 313 nuclear and 290
non-nuclear cataractous and 242 subcapsular
and 361 non-subcapsular cataractous. Before
matching, cataractous eyes showed significantly
higher LT (4.52 £ 0.39 vs. 3.94 + 0.46 mm,
p<0.001), ACS (0.75+0.20 wvs. 0.58 £
0.23 mm, p<0.001), NT (3.34+0.23 ws.
3.18 £ 0.25 mm, p <0.001) and PCS (0.42 +
0.19 vs. 0.37 £ 0.19 mm, p = 0.003). Matched
lens, cortical, nuclear, and subcapsular cataract
samples comprised 146, 258, 182, and 226 eyes,
respectively. After matching, no significant dif-
ferences were observed in LT (4.34 & 0.37 vs.
4.33 £ 0.36 mm, p = 0.94), ACS (0.72 £ 0.20 vs.
0.76 £ 0.19 mm, p = 0.08), NT (3.31 £+ 0.22 vs.
3.30 £ 0.23 mm, p=0.24) and PCS
(0.42 £ 0.19 vs. 0.43 + 0.16 mm, p = 0.79).
Conclusions: The presence of senile cortical,
nuclear, and posterior subcapsular cataract have
no effect on LT, ACS, NT, and PCS. Confound-
ing factors should be controlled for when mea-
suring LT and its main components.

Keywords: Cataract; Cortical; Lens; Nuclear;
Subcapsular; Thickness

Key Summary Points

Why carry out this study?

Crystalline lens thickness has been
incorporated into formulas for intraocular
lens (IOL) calculation.

The effect of cataract formation on lens
thickness and the space of its main
components is unclear since contradictory
results had been reported.

What was learned from the study:

The presence of senile cortical, nuclear,
and posterior subcapsular cataract have no
clinical effect either on the full crystalline
lens thickness nor on the anterior and
posterior cortex space or the nuclear
thickness.

Studies analyzing lens thickness and the
space of its main components should
control for confounding factors, mainly
age and axial length, to avoid biased
results.

Future IOL power formulas should
consider the lack of effect of senile
cataract formation on lens thickness.

INTRODUCTION

Cataract surgery is the most frequent ophthal-
mological surgery procedure worldwide. During
cataract surgery, the implantation of an
intraocular lens (IOL) replaces the crystalline
lens power [1]. Currently, accurate IOL power
calculations can provide successful postopera-
tive refractive outcomes in most patients with
cataracts. IOL power formulas have been con-
tinuously improving, resulting in lower mean
absolute refractive errors after surgery. The last
generation formulas incorporate multiple
parameters, including lens thickness (LT)
among others [2], allowing higher postoperative
refractive accuracy. Therefore, the importance
of the proper characterization of LT in patients
with cataracts has increased. In fact, previous
authors have provided normative LT data for
patients with cataracts in different ethnic
groups to help to improve the IOL designs and
power calculations [3-6].

The interest in analyzing the effect of catar-
act formation on LT is not recent. Previous
authors have assessed LT in different degrees of
cataractous eyes using ultrasonography [7], or
even with a less reliable technique, such as slit-
lamp biomicroscopy [8, 9]. In recent years,
precise LT measurements have been performed
with optical biometers, which allow the space of
its main components (i.e., the anterior and
posterior cortex space and nuclear thickness) to
be measured [10]. However, contradictory
results have been reported on the influence of
cataract formation on LT. While various authors
have reported an association between the
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presence of cataract and LT [9-11], other
authors have not found any relationship
[12, 13]. Thus, the effect of cataract formation
on LT is still unclear.

LT and the space of its main components
have been associated with demographic char-
acteristics and some ocular parameters. Age has
been the factor with the strongest association
[8], with an estimated increase of about
0.12-0.15mm per decade [4, 11, 14]. An
increase in the anterior and posterior cortex
space appears to be the main reason [10].
Another contributing factor that is also associ-
ated with wider LT is male gender [4, 15, 16].
Besides, axial length and the anterior chamber
depth have been inversely related to LT [14, 17]
and also to the space of its main components
[10, 18]. Therefore, previous results analyzing
the effect of cataract formation on LT are very
likely to be affected by the above-mentioned
confounding factors. In addition, these con-
founding factors might be the main reason to
find contradictory outcomes in the literature.
Finally, the literature is scarce regarding the
effect of senile cataract formation on the space
of the three main components of the crystalline
lens [10].

Therefore, the aim of the present study was
to analyze the influence of senile cataract for-
mation on the LT and the space of its three
main components (i.e., the anterior capsule, the
nucleus, and the posterior capsule), controlling
for the confounding effects of sex, age, and axial
length.

METHODS

This prospective cross-sectional study was
approved by the ethics committee of Hospital
Universitario Rio Hortega (Valladolid, Spain;
Reference number: 156/17) and was conducted
in accordance with the Declaration of Helsinki
guidelines. The study protocol was explained
before written consentto participate in the
study was obtained from all participants.

Participants

Volunteers were invited to participate if they
were over 18 years of age. A consecutive sample
of patients seeking eye care for examination at
the same ophthalmology outpatient clinic was
collected. Exclusion criteria for all participants
were a history of previous eye surgery (includ-
ing refractive surgery) or ocular trauma and any
active anterior and/or posterior segment
anomaly. All participants were initially classi-
fied into cataract and non-cataract groups. The
cataract group was composed of patients diag-
nosed with age-related cataract in both eyes.
Patients diagnosed with a cataract other than
senile type (i.e., cataract with a congenital or
traumatic origin, or associated with exposure to
radiation or toxic agents) were excluded. Par-
ticipants were classified into the cataract group
if both eyes showed at least a grade 1 or higher
cortical or posterior subcapsular cataract and/or
a grade 2 or higher nuclear opacities (color and/
or opalescence), according to the Lens Opacifi-
cation Classification System (LOCS)-III system
[19, 20]. The non-cataract group was composed
of volunteers in whom no ocular anomalies
were detected during the routine examination
and complied with the inclusion and exclusion
criteria.

In addition, all participants were also classi-
fied based on the presence or absence of cataract
in any of the three main components of the
crystalline lens. Thus, the presence or absence
of cortical, nuclear, or posterior subcapsular
cataracts was also considered. Consequently, all
participants were grouped based on four differ-
ent classifications: the lens cataract (cataract vs.
non-cataract groups), cortical cataract (cortical
cataract vs. non-cortical cataract groups),
nuclear cataract (nuclear cataract vs. non-nu-
clear cataract groups) and posterior subcapsular
cataract (subcapsular cataract vs. non-subcap-
sular cataract groups) classifications. Only one
eye per participant was randomly selected for
statistical purposes.
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Optical Biometry

Five consecutive high-quality optical biometry
measurements were performed per participant
using the Lenstar LS900 biometer (Haag-Streit
AG, Koeniz, Switzerland) by a single examiner
(Cecilia Diez-Montero). For each measurement,
the device software provides a graph represent-
ing the axial length, which shows several spikes
corresponding to different ocular tissue sur-
faces. The spikes of the corneal, lens, and retinal
surfaces are automatically detected by the soft-
ware. In addition, the spikes corresponding to
the anterior and posterior nuclear surfaces are
easily detected, hence their locations were
manually determined using the software cursors
[10, 20]. The same examiner (Cecilia Diez-
Montero) performed the measurements in all
eyes to avoid inter-observer variability. Four
spaces were calculated: LT (distance between
the anterior and posterior lens surfaces), ante-
rior cortex space (distance between the anterior
lens and anterior nuclear surfaces), nuclear
thickness (distance between the anterior and
posterior nuclear surfaces) and posterior cortex
space (distance between the posterior nuclear
and posterior lens surfaces). For each distance,
the mean of the five biometric measurements
performed for each participant was computed
for analysis.

Statistical Analysis

Statistical analysis was performed using the R
statistical package version 4.2.2. Participants
within each of the four cataract type classifica-
tions (lens, cortical, nuclear, and subcapsular
cataract) were matched one-to-one for sex, age,
and axial length using the propensity score
matching provided by the “Matchlt” R package
[21]. The nearest-neighbor method was used.
The caliper width was progressively decreased,
in 0.01 steps, from 0.20 until the standardized
mean difference of the three parameters (sex,
age, and axial length) was equal to or lower
than 0.10 [22]. It should be noted that patients
with opacities in a particular main lens com-
ponent (anterior or posterior cortex and
nucleus) may or may not have opacities in other

main lens components (e.g., a patient with a
nuclear cataract may or may not have a cortical
and/or subcapsular cataract). Therefore, each of
the samples based on the cataract location was
only used to analyze the space of the main lens
component affected by the senile cataract for-
mation (e.g., the nuclear cataract sample was
only used to analyze the nuclear thickness).

Data were compared between cataract and
non-cataract groups using independent tests for
unmatched and matched samples, as recom-
mended [23]. Categorical data were compared
using the chi-squared test. Numerical data that
accomplished with the normality assumption
(Kolmogorov-Smirnov test) were compared
using the independent Student’s t test, applying
the Welch approximation if data showed
unequal variances (Levene test). When the
normality assumption could not be confirmed,
the robust Yuen'’s test was used. The significance
level was established at two-tailed p val-
ues < 0.05. Finally, the unstandardized effect
sizes and 95% confidence intervals were calcu-
lated to report the magnitude and uncertainty
of the observed effects [24].

RESULTS

A total sample of 603 participants (403 women
and 200 men) with a mean age of
59.1 £ 18.8 years were included. The lens cat-
aract group was composed of 361 eyes and the
non-cataract group of 242 eyes. The classifica-
tions based on cataract location (cortical,
nuclear, and posterior subcapsular) resulted in
226 cortical and 377 non-cortical cataractous
eyes, 313 nuclear and 290 non-nuclear catarac-
tous eyes and 242 subcapsular and 361 non-
subcapsular cataractous eyes. The cataractous
eyes included in the cortical, nuclear, and pos-
terior subcapsular cataract groups showed a
mean LOCS-III value and standard deviation of
1.8 £ 1.1 (range, 1-5), 2.6 + 0.8 (range, 2-5)
and 1.8 + 1.0 (range, 1-5) units, respectively.
After propensity score matching, the lens
cataract matched sample was composed of 73
cataract and 73 non-cataractous eyes, the cor-
tical cataract sample of 129 cortical and 129
non-cortical cataractous eyes, the nuclear
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Table 1 Descriptive data of sex, age, and axial length before and after matching
Cataract Sample Cataract Non-cataract SMD  Variance p value
location type group group ratio
Sex (women/men) Lens cataract Unmatched 230/131 173/69 -0.16 NA 0.06
() Matched  48/25 47/26 002 NA 1.00
Cortical cataract Unmatched 144/82 259/118 -0.10 NA 0.24
Matched 81/48 80/49 0.02 NA 1.00
Nuclear cataract  Unmatched 197/116 206/84 -0.17 NA 0.04
Matched 62/29 64/27 -0.05 NA 0.87
Subcapsular Unmatched 72/52 331/148 -022 NA 0.03
cataract Matched ~ 56/48 69/44 -0.07 NA 0.69
Age (years) Lens cataract Unmatched 70.77 & 9.34 41.67 &+ 15.62 312 0.36 0.001
Matched 60.56 £ 9.02 59.80 + 7.12 0.08 1.61 0.96
Cortical cataract Unmatched 72.54 £ 8.50 51.02 + 18.68 253 021 0.001
Matched 69.57 £ 850 69.41 + 8.60 0.02 0.98 0.88
Nuclear cataract  Unmatched 72.01 £ 8.75 45.14 + 16.66 3.07 028 0.001
Matched 63.74 £ 7.61 6329 + 6.87 0.05 1.23 0.68
Subcapsular Unmatched 69.38 + 9.89 5642 & 19.64 131 025 0.001
cataract Matched  68.50 £ 9.47 69.29 + 9.04 -0.08 1.10 0.44
Axial length (mm) Lens cataract Unmatched 23.88 + 2.00 24.12 £ 2.11 -0.12 0.90 0.11
Matched 24.08 £ 2.12 2398 + 2.47 0.05 0.74 0.40
Cortical cataract Unmatched 23.62 + 1.86 24.19 £ 2.12 -031 0.77 0.001
Matched 23.78 + 1.94 23.75 + 2.06 0.02 0.89 0.77
Nuclear cataract  Unmatched 23.71 £ 1.84 24.27 4+ 2.21 -0.31 0.70 0.001
Matched 24.01 £ 1.88 23.92 + 245 0.05 0.59 0.21
Subcapsular Unmatched 2426 &+ 2.03 23.90 & 2.04 017 099 0.12
cataract Matched ~ 24.09 & 1.80 23.89 =+ 2.18 0.10  0.68 0.22

p values in bold and italic font indicate significant differences

Data of categorical parameters are presented as frequencies and data of numerical parameters are presented as mean =+ s-

tandard deviation

NA not applicable, SMD standardized mean difference

cataract sample of 91 nuclear and 91 non-nu-
clear cataractous eyes and the subcapsular cat-
aract sample of 113 subcapsular and 113 non-
subcapsular cataractous eyes. The descriptive
characteristics of unmatched and matched

samples are shown in Table 1.

The comparisons of the unmatched partici-
pants revealed that patients with senile catar-
acts had significantly (p < 0.003) higher LT,
anterior and posterior cortex space, and nuclear
thickness (Table 2). However, no significant (p

> 0.08) differences were observed for any
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Table 2 Comparison of lens thickness (L'T), anterior cortex space (ACS), nuclear thickness (N'T), and posterior cortex

space (PCS) between participants with and without senile cataracts before and after matching

Classification Lens space  Sample type Cataract group Non-cataract group p value
n Mean £ SD (mm) # Mean £ SD (mm)

Lens cataract LT Unmatched 361 452 + 0.39 242 3.94 £ 0.46 < 0.001
Matched 73 434 £ 037 73 433 £ 036 0.94

ACS Unmatched 361 0.75 £ 021 242 049 £ 0.19 < 0.001
Matched 73 0.65 = 0.21 73 0.63 + 0.18 0.59

NT Unmatched 361 333+ 024 242 3.16 £ 0.25 < 0.001
Matched 73 329 £ 0.21 73 3.33 £ 0.20 0.32

PCS Unmatched 361 044 + 0.18 242 0.28 £ 0.15 < 0.001
Matched 73 040 £ 0.16 73 038 £0.14 0.87

Cortical cataract ACS Unmatched 226 0.75 + 0.20 337  0.58 £ 0.23 < 0.001
Matched 129  0.72 £ 0.20 129 0.76 £ 0.19 0.08

Nuclear cataract NT Unmatched 313 334 + 0.23 290 3.18 £ 0.25 < 0.001
Matched 91 331 + 0.22 91 3.30 £ 0.23 0.24

Subcapsular cataract  PCS Unmatched 242 042 £ 0.19 361 037 £0.19 0.003
Matched 113 042 £ 0.19 113 0.43 £ 0.16 0.79

p values in bold and italic font indicate significant differences

SD standard deviation

parameter in any of the matched samples
(Table 2). The distributions of unmatched and
matched samples are shown in Fig. 1. The
observed effect size in the LT was 0.01 mm with
a 95% confidence interval ranging from —0.12
to 0.13 mm, while the observed effect size in the
main components was between -0.04 and
0.04 mm with the 95% confidence interval
being equal to or below + 0.10 mm. The
observed effect size and 95% confidence inter-
vals for the matched samples are shown in
Fig. 2.

DISCUSSION

The effect of cataract formation on LT has pre-
viously been studied; however, contradictory
results have been reported [9-13]. Since LT has
been associated with demographic

characteristics and some ocular parameters
[4, 8, 10, 14-17], controlling for confounding
factors is the most appropriate approach with
which to provide reliable evidence. The present
study aimed to analyze not only the influence
of senile cataract formation on the LT but also
its influence on the space of its three main
components, controlling for relevant con-
founding factors: sex, age, and axial length.
Study participants were matched one-to-one
for sex, age, and axial length using propensity
score matching, a statistical approach that is
widely used to control the bias associated with
confounding factors [25, 26]. The quality of the
matches can be easily assessed by evaluating the
standardized mean difference (0.1 or below
indicates a good balance) and the variance ratio
(between 0.5 and 2.0 indicates a good balance)
[22]. Prior to matching, no classification com-
plied with such criteria, with age being the most
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Fig. 1 Distribution of lens thickness, anterior cortex space,
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nuclear thickness, and posterior cortex space, using violin
plots of density and boxplots. Data for the lens cataract

unbalanced confounding factor; however, all
matched samples complied after propensity
score matching (Table 1). The sample sizes
achieved after matching varied depending on
the classification based on cataract location
(Table 2). The cataract and non-cataract groups
included in the four unmatched classifications
were composed of all participants (n = 603),
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subcapsular cataract classifications (right) are provided
before and after matching. **p < 0.001; **p = 0.003

while the matched samples were composed of
146, 258, 182, and 226 participants for the lens,
cortical, nuclear, and posterior subcapsular
samples, respectively. The most likely reason for
the different sizes in the four matched samples
might be the difference in age between the
unmatched participants with and without
senile cataracts. The initial differences for the
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Fig. 2 Observed effect size (dots) and 95% confidence
intervals ([CI] horizontal lines) for the lens thickness (LT),
anterior cortex space (ACS), nuclear thickness (NT), and
posterior cortex space (PCS) between participants with

other confounding factors (gender proportion
and axial length) were much lower. Therefore,
the high improvement in balance after match-
ing suggests that controlling for the confound-
ing factors was highly necessary.

The results of the study completely changed
from unmatching to matching participants. All
comparisons performed in the unmatched
classifications showed statistically higher LT,
anterior and posterior cortical space, and
nuclear thickness in cataract groups. In con-
trast, no significant differences were found for
any parameter after matching participants with
and without senile cataracts in the four mat-
ched samples (Table 2, Fig. 1). The covariable
most unbalanced prior matching was the age,
which has indeed been reported to be the factor
with the strongest association with LT [8]. Thus,
the statistical results prior to matching were
very likely to be biased, at least, by the age dif-
ference between groups.

Considering the results obtained from the
matched samples, neither the LT nor the space
of its main components were significantly dif-
ferent between the cataract and non-cataract
groups. The lack of significant results is some-
times attributed to a low statistical power. Once
the study has been conducted, the use of post
hoc power is not advisable [24, 27]. Instead, it is
recommended to report confidence intervals to
understand how accurately the estimated value

and without senile cataracts in the matched lens, cortical,
nuclear, and subcapsular cataract samples. Positive values
indicate higher values for participants with cataracts

for the entire population was determined
[24, 27]. The mean difference between groups in
the LT was 0.01 mm, while the difference in any
of the main components was solely 0.04 mm at
most. Even in the hypothetical case of having
found statistical significance, such small differ-
ences could even be considered clinically neg-
ligible. In addition, the 95% confidence interval
of the observed effect sizes was reported, rang-
ing from - 0.12 to 0.13 mm for the LT and being
equal to or below £ 0.10 mm for its main
components (Fig. 2). Differences between such
ranges cannot be completely discarded for the
population; however, the data showed no rele-
vant tendencies in either way. In fact, small
differences in the anterior cortex space and
nuclear thickness have opposite directions
when analyzing the lens cataract sample or the
samples for each main lens component. There-
fore, as soon as the confounding factors were
controlled, the presence of any cataract type
(i.e., cortical, nuclear, or subcapsular) had a null
effect on the LT and the space of its three main
components.

Lens transparency has been previously rela-
ted to crystalline proteins [28, 29]. Under some
oxidative stress scenarios, such as aging or
ultraviolet light exposure, crystalline proteins
may experience folding, denaturing and aggre-
gation, leading to high-molecular-weight
structures [29]. Also, the presence of these
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modified molecular structures might be
responsible for light scattering and opacifica-
tion [29]. However, the possible modifications
in proteins associated with age-related cataract
do not seem to have an effect on LT or the space
of its main components, as observed in the
present study.

The results of the present study differ from
some previous works. Shammas et al. [10] found
a higher LT, anterior cortex space, nuclear
thickness, and posterior cortex space in patients
with cataracts. However, their control subjects
without cataracts were around 30 years younger
than the recruited patients with senile cataracts.
Therefore, the age difference is very likely to
have influenced their results. Praveen et al. [11]
found that, after adjusting for age groups, LT
was thinner in subjects with cortical and pos-
terior subcapsular cataract. However, the age
groups had a wide range (25-40, 41-50, 51-60,
61-70, > 70), thus, it was very likely that the
effect of age was still present within the groups.
Besides, Klein et al. [9] found that thick crys-
talline lenses were more likely to develop
nuclear cataracts and thin lenses to develop
cortical cataract in a S-year follow-up.
Nonetheless, this approach does not demon-
strate an effect of senile cataract formation on
LT, but the opposite, the likelihood of devel-
oping cataract as a function of LT.

On the other hand, the lack of effect of senile
cataract formation on LT agrees with previous
reports. Henriquez et al. [13] found that, after
controlling for sex, age, axial length, and ante-
rior chamber depth, LT was independent of lens
density in patients with mild-to-moderate cat-
aracts. Likewise, Aly et al. [12] reported no dif-
ferences in the nuclear density between
similarly aged patients with cataracts with dif-
ferent LT (greater vs. lower than 4.8 mm). In
addition, Jonas et al. [15] reported that the
amount of nuclear cataract was associated with
LT in univariate analysis; however, the signifi-
cance disappeared when considering the effect
of other parameters in a multivariable analysis.
Therefore, previous studies that somehow
avoided the effect of some confounding factors
found no relationship between cataract degree
and LT. In addition, the present study demon-
strates that the presence of common senile

cataract has no effect on LT or the space of its
main components after assessing cataract and
non-cataract eyes.

The present study may have some limita-
tions. First, the LT and the space of each lens
component were measured along the visual
axis, which corresponds to a central location of
the crystalline lens. Thus, LT measurements
performed along other ocular axes (e.g., optical
axis) might be slightly differently affected by
the presence of cataract. However, first, this is a
limitation inherent to the measurement proce-
dure used by optical biometry devices and sec-
ond, central LT measurements obtained along
diverse anterior—posterior axes of the eye may
not change so much. Second, participants with
opacities in other lens locations may have been
included in the non-cortical, non-nuclear, and
non-subcapsular groups. It was assumed that
the space of the analyzed lens component was
not affected by an opacity located in a different
lens component (e.g., a nuclear opacity does
not necessarily affect anterior and posterior
cortex spaces). This approach was followed
because, to the best of our knowledge, there is
no evidence to prove the opposite. In fact, the
results of the present study, not finding signifi-
cant differences in any main lens component
between participants with and without opaci-
ties, highly support this hypothesis. Finally, the
outcomes of the present study cannot be
applied to types of cataracts other than com-
mon senile ones, including advanced cataracts
(e.g., hypermature or intumescent cataracts)
where optical biometry measurements cannot
be obtained [30]. Nonetheless, these types of
cataracts are not commonly found in the oph-
thalmology outpatient clinics of the occidental
countries. In fact, the cataract group sample of
the present study can be representative of the
patients seeking cataract surgery, who usually
show higher LOCS-III gradings for anterior
cortical and nuclear opacities, than posterior
cortical ones [31].

CONCLUSIONS

After controlling for the confounding effects of
sex, age, and axial length, the presence of

I\ Adis



828

Ophthalmol Ther (2024) 13:819-830

common senile cataracts has no clinical effect
on LT and the space of its three main compo-
nents, the anterior and posterior cortex space
and nuclear thickness. The lack of effect of
senile cataract formation on LT and its main
components may be of great interest not only
for clinical purposes but also for research ones
when designing new IOL power formulas.
Finally, future studies analyzing LT and its main
components should always control for at least
the confounding factors considered in the pre-
sent study, especially age; otherwise, the results
are very likely to be strongly biased.

ACKNOWLEDGEMENTS

We thank the participants for their involvement
in the study.

Medical Writing/Editorial Assistance. The
manuscript has undergone professional English
editing by proof-reading-service.com Ltd (UK).
This editorial assistance was funded by Instituto
de Oftalmobiologia Aplicada (IOBA), University
of Valladolid.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Alberto Lopez-de la
Rosa, Cecilia Diez-Montero, Elena Martinez-
Plaza, Alberto Lopez-Miguel, and Miguel J.
Maldonado contributed to the study concep-
tion and design. Material preparation, data
collection, and analysis were performed by
Alberto Lopez-de la Rosa, Cecilia Diez-Montero,
and Elena Martinez-Plaza. The first draft of the
manuscript was written by Alberto Lopez-de la
Rosa, Cecilia Diez-Montero, Elena Martinez-
Plaza, and Alberto Lopez-Miguel. Alberto Lopez-
de la Rosa, Cecilia Diez-Montero, Elena Marti-
nez-Plaza, Alberto Lopez-Miguel, and Miguel J.
Maldonado commented on previous versions of

the manuscript, and read and approved the final
manuscript.

Funding. The study was partially sup-
ported by RICORS (Enfermedades inflamatorias)
Instituto de Salud Carlos III (Grant: RD21/0002/
0017). Elena Martinez-Plaza was funded by
European  Union-NextGenerationEU.  The
sponsor or funding organization had no role in
the design or conduct of this research. No
funding or sponsorship was received for the
publication of this article.

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Declarations

Conflict of Interest. Alberto Lopez-de la
Rosa, Cecilia Diez-Montero, Elena Martinez-
Plaza, Alberto Loépez-Miguel, and Miguel ]J.
Maldonado have nothing to disclose.

Ethical Approval. This prospective cross-
sectional study was approved by the ethics
committee of Hospital Universitario Rio Hor-
tega (Valladolid, Spain; Reference number:
156/17) and was conducted in accordance with
the Declaration of Helsinki guidelines. The
study protocol was explained before written
consent to participate in the study was obtained
from all participants.

Open Access. This article is licensed under
a Creative Commons Attribution-Non-
Commercial 4.0 International License, which
permits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the

A\ Adis



Ophthalmol Ther (2024) 13:819-830

829

permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view

a

copy of this licence, visit http://

creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

10.

11.

Asbell PA, Dualan I, Mindel J, Brocks D, Ahmad M,
Epstein S. Age-related cataract. Lancet. 2005;365:
599-609.

Hipdlito-Fernandes D, Luis ME, Serras-Pereira R,
et al. Anterior chamber depth, lens thickness and
intraocular lens calculation formula accuracy: nine
formulas comparison. Br J] Ophthalmol. 2022;106:
349-55.

Ferreira TB, Hoffer KJ, Ribeiro F, Ribeiro P, O’Neill
JG. Ocular biometric measurements in cataract
surgery candidates in Portugal. PLOS ONE. 2017;12:
e0184837.  https://doi.org/10.1371/journal.pone.
0184837.

Feng X, Wang Y, Liang J, Xu Y, Ortega-Usobiaga ],
Cao D. Analysis of lens thickness distribution based
on swept-source optical coherence tomography (SS-
OCT). J Ophthalmol. 2021;2021:4717996. https://
doi.org/10.1155/2021/4717996.

Popov I, Waczulikova I, Stefanickova J, et al. Anal-
ysis of biometric parameters of 2340 eyes measured
with optical biometer Lenstar LS900 in a Caucasian
population. Eur ] Ophthalmol. 2022;32:213-20.

Wasser LM, Tsessler M, Weill Y, Zadok D, Abulafia
A. Ocular biometric characteristics measured by
swept-source optical coherence tomography in
individuals undergoing cataract surgery. Am ]
Ophthalmol. 2022;233:38-47.

Perkins ES. Lens thickness in early cataract. Br ]
Ophthalmol. 1988;72:348-53.

Klein BE, Klein R, Moss SE. Correlates of lens
thickness: the Beaver Dam Eye Study. Invest Oph-
thalmol Vis Sci. 1998;39:1507-10.

Klein BE, Klein R, Moss SE. Lens thickness and five-
year cumulative incidence of cataracts: The Beaver
Dam Eye Study. Ophthalmic Epidemiol. 2000;7:
243-8.

Shammas HJ, Shammas MC. Measuring the
cataractous lens. J Cataract Refract Surg. 2015;41:
1875-9.

Praveen MR, Vasavada AR, Shah SK, et al. Lens
thickness of Indian eyes: impact of isolated lens

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

opacity, age, axial length, and influence on anterior
chamber depth. Eye (Lond). 2009;23:1542-8.

Aly MG, Shams A, Fouad YA, Hamza I. Effect of lens
thickness and nuclear density on the amount of
laser fragmentation energy delivered during fem-
tosecond laser-assisted cataract surgery. J Cataract
Refract Surg. 2019;45:485-9.

Henriquez MA, Mejias JA, Rincon M, Izquierdo L Jr,
Binder PS. Correlation between lens thickness and
lens density in patients with mild to moderate
cataracts. Br ] Ophthalmol. 2020;104:1350-7.

Hoffer KJ. Axial dimension of the human catarac-
tous lens. Arch Ophthalmol. 1993;111:914-8.

Jonas JB, Nangia V, Gupta R, Sinha A, Bhate K. Lens
thickness and associated factors. Clin Exp Oph-
thalmol. 2012;40:583-90.

Meng J, Wei L, He W, Qi J, Lu Y, Zhu X. Lens
thickness and associated ocular biometric factors
among cataract patients in Shanghai. Eye Vis
(Lond). 2021;8:22. https://doi.org/10.1186/s40662-
021-00245-3.

Jivrajka R, Shammas MC, Boenzi T, Swearingen M,
Shammas HJ. Variability of axial length, anterior
chamber depth, and lens thickness in the catarac-
tous eye. J Cataract Refract Surg. 2008;34:289-94.

Chylack LT Jr, Wolfe JK, Singer DM, et al. The lens
opacities classification system III. The longitudinal
study of cataract study Group. Arch Ophthalmol.
1993;111:831-6.

Pastor-Valero M, Fletcher AE, de Stavola BL, Cha-
qués-Alepuz V. Years of sunlight exposure and cat-
aract: a case-control study in a Mediterranean
population. BMC Ophthalmol. 2007;7:18. https://
doi.org/10.1186/1471-2415-7-18.

Diez-Montero C, Lopez-de la Rosa A, Lopez-Miguel
A, Maldonado MJ. Relationship between the main
components of the crystalline lens and the anterior
chamber depth after cataract formation. Graefes
Arch Clin Exp Ophthalmol. 2023;261:2853-61.

Ho DE, Imai K, King G, Stuart EA. Matchlt: non-
parametric preprocessing for parametric causal
inference. J Stat Softw. 2011;42:1-28.

Stuart EA, Lee BK, Leacy FP. Prognostic score-based
balance measures can be a useful diagnostic for
propensity score methods in comparative effec-
tiveness research. J Clin Epidemiol. 2013;66:5s84-90.
https://doi.org/10.1016/j.jclinepi.2013.01.013.

Schafer JL, Kang J. Average causal effects from
nonrandomized studies: a practical guide and

I\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1371/journal.pone.0184837
https://doi.org/10.1371/journal.pone.0184837
https://doi.org/10.1155/2021/4717996
https://doi.org/10.1155/2021/4717996
https://doi.org/10.1186/s40662-021-00245-3
https://doi.org/10.1186/s40662-021-00245-3
https://doi.org/10.1186/1471-2415-7-18
https://doi.org/10.1186/1471-2415-7-18
https://doi.org/10.1016/j.jclinepi.2013.01.013

830

Ophthalmol Ther (2024) 13:819-830

24.

25.

26.

27.

simulated example. Psychol Methods. 2008;13:
279-313.

Heckman MG, Davis JM 3rd, Crowson CS. Post hoc
power calculations: an inappropriate method for
interpreting the findings of a research study.
J Rheumatol. 2022;49:867-70.

Lee JS, Li PR, Hou CH, Lin KK, Kuo CF, See LC.
Effect of blue light-filtering intraocular lenses on
age-related macular degeneration: a nationwide
cohort study with 10-year follow-up. Am J Oph-
thalmol. 2022;234:138-46.

Zhang B, Chang P, Lin L, Qu]J, Zhao Y. Single-vision
spectacle use and myopia progression in children
with low myopia, a propensity score matching
study. Graefes Arch Clin Exp Ophthalmol.
2022;260:1345-52.

Dziak JJ, Dierker LC, Abar B. The interpretation of
statistical power after the data have been gathered.
Curr Psychol. 2020;39:870-7.

28.

29.

30.

31.

Delaye M, Tardieu A. Short-range order of crystallin
proteins accounts for eye lens transparency. Nature.
1983;302:415-7.

Bloemendal H, de Jong W, Jaenicke R, Lubsen NH,
Slingsby C, Tardieu A. Ageing and vision: structure,
stability and function of lens crystallins. Prog Bio-
phys Mol Biol. 2004;86:407-85.

Vasavada SA, Patel P, Vaishnav VR, et al. Compar-
ison of optical low-coherence reflectometry and
swept-source OCT-based biometry devices in dense
cataracts. ] Refract Surg. 2020;36:557-64.

Feng L, Zhao F, Ke X, Zhao ], Shi M. Correlation
between degree of lens opacity and the pha-
coemulsification energy parameters using different
imaging methods in age-related cataract. Transl Vis
Sci Technol. 2022;11:24. https://doi.org/10.1167/
tvst.11.3.24.

A\ Adis


https://doi.org/10.1167/tvst.11.3.24
https://doi.org/10.1167/tvst.11.3.24

	Senile Cataract Formation Does Not Affect Crystalline Lens Thickness
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Participants
	Optical Biometry
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Author Contributions
	Data Availability
	References




