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The statistical characteristics of biometry and refractive error in a large sample of cataractous Cuban patients are presented,
comparing between sexes and age groups. All patients were studied at the Cuban Institute of Ophthalmology “Ramén Pando
Ferrer,” La Habana. The sample consists of 28252 eyes of 25068 patients, subjected to cataract surgery during the time period
between 2006 and 2019. Their biometry was obtained using IOL Master devices; also, visual acuity, refraction, and corneal power
were registered. After surgery, the visual acuity and refraction were measured. The refractive prediction error was determined. For
patients with both eyes registered, anisometropia was also calculated. Age and sex were used to segment the data. The preoperative
biometric parameters show highly significant differences between sexes, with male eyes being longer and with a deeper anterior
chamber but with a thinner lens. Also, keratometry shows highly significant differences, with female eyes being steeper than male.
Before surgery, both sexes have myopic eyes as average, with males being more myopic than females (p < 0.001). After surgery, the
average spherical equivalent is —0.36 D and female eyes are more myopic than males (p < 0.001). Visual acuity with and without
distance correction has a significant increase after surgery. These results are of importance not only for Cuba but also for other
countries with a large Cuban population and/or similar ethnic composition, such as the USA (particularly the south of Florida),
Spain, and many countries in Latin America.

1. Introduction

Latest advances in surgical techniques and intraocular lens
designs have notably improved the postoperative refractive
results of modern cataract surgery, increasing patients’
expectations of good visual outcome without the use of
spectacles. This outcome depends on the accurate prediction
of the power of the implanted intraocular lens (IOL), which
in turn depends mainly on preoperative biometry data [1].
Optical biometers have become the gold standard for ocular
biometry, resulting in eye measurements being more reliable
and allowing the evaluation of new parameters [2]. IOL
Master 700, based on swept source optical coherence to-
mography (SS-OCT), is more effective in obtaining

biometric measurements in eyes with posterior subcapsular
and dense nuclear cataracts than its predecessor series, based
on partial coherence interferometry (PCI). However, an
excellent agreement has been demonstrated between these
two optical technologies, regarding axial length, anterior
chamber depth, and steepest and flattest keratometric values
[3]. In a recent comparative study, it was found that, despite
IOLMaster 700 having a superior acquisition rate than
IOLMaster 500, both devices showed good agreement, and
found statistical differences were clinically negligible [4].
Meanwhile, knowing ocular biometric characteristics of a
population is an important factor to be considered in de-
signing intraocular lenses and improving IOL calculation
methods for selecting the most appropriate lenses for
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patients [5, 6]. The relation of ocular biometry with diabetic
retinopathy has been reviewed, highlighting the importance
of further biometric studies to elucidate the influence of high
myopia and ocular biometry in the protective mechanisms
of the eye [7]. Hence, several studies describing ocular
biometric characteristics of different populations have been
conducted across the world [6, 7]. In an extensive review, the
prevalence of myopia in populations of different continents
is studied, finding larger number of myopic eyes in Asian
populations than in other regions of the world [8].
Several studies deal with the differences among genders
in the biometric parameters. In Refs. [9, 10], authors found
significantly longer eyes and deeper anterior chambers in
men than in women in British and Chinese adult pop-
ulations, respectively. These findings are consistent with the
results of a Latino study [11]. A recent review [6] found this
trend in a number of different studies. Regarding average
corneal power, differences associated with sex vary among
studies. In Ref. [12], studying an African population, authors
did not find differences between sexes in astigmatism. The
results of different studies are difficult to compare, due to the
differences among them (ethnicity of the sample, sample
size, measurement method). All these factors highlight the
importance of studies associated with a given population.
Published studies of ocular biometric parameters in
Cuban population are scarce and their casuistic have in-
cluded no more than three hundred eyes [13-16]. To our
knowledge, there has not been published before a large
sample study of biometric values for the Cuban population.
“Ramon Pando Ferrer” Cuban Institute of Ophthalmology is
a national reference center, where thousands of patients
from all island provinces are admitted for cataract surgery
every year. For that reason, it was chosen as the setting by the
present research work in order to provide the largest and
more representative hospital-based population study of
ocular biometric characteristics and refractive visual out-
comes of cataract patients in Cuba. The results have im-
portance not only to Cuba but also to other countries with a
large Cuban population or similar ethnic composition.

2. Materials and Methods

A retrospective study of 28252 eyes (female 17811, male
10441) of 25068 patients (female 15745, male 9323), who
underwent uneventful cataract surgery from January 2006 to
December 2019, was performed at the “Ramén Pando
Ferrer” Cuban Institute of Ophthalmology in Havana, Cuba.
This study was approved by Institutional Scientific and
Ethical Committees from the Ramén Pando Ferrer Cuban
Institute of Ophthalmology and the Higher Institute of
Technology and Applied Sciences (InSTEC, Spanish acro-
nym), University of Havana, and conformed to the tenets of
the Declaration of Helsinki.

Preoperative ocular biometric parameters, including
axial length (AL), anterior chamber depth (ACD), lens
thickness (LT), and corneal power (steepest keratometry SK,
flattest keratometry FK, and average keratometry Kav),
using optical biometers (IOL Master 3.0.2, 500 or 700,
version 1.14, Carl Zeiss Meditec AG, Jena, Germany), were
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recorded, as well as visual acuity (uncorrected distance
UDVAI1 and corrected distance CDVA1) and refraction
(sphere SPHI, cylinder CYL1, axis AXI, and spherical
equivalent SE1). Uncorrected distance (UDVA2) and cor-
rected distance visual acuity (CDVA2) and refraction
(sphere SPH2, cylinder CYL2, axis AX2, and spherical
equivalent SE2) after surgery were also registered. SE is
defined as sphere plus half the cylinder. The refractive
prediction error (PE), defined as the postoperative spherical
equivalent, minus the predicted refraction, was calculated.
Demographic data, such as age and sex, were likewise
documented. Ethnicity is not registered in Cuban protocols,
so its influence cannot be analyzed [17].

Axial length was divided in four groups: short (<22 mm),
medium (22-23.99 mm), long (24-26 mm), and very long
(>26 mm) eyes. There are reported different criteria for
myopia and hyperopia [10, 18]. In this paper, we classified as
myopic those eyes with a refractive spherical value under
- 0.50 diopters (D) and hyperopic eyes when these values
were over + 0.50 D. Astigmatism was classified as “with-the-
rule” (wtr) when the steep meridian on the corneal surface
was in the range 60-120°, or “against-the-rule” (atr) when
the steep meridian was 0-30° or 150-180°. The remaining
cases of astigmatism were classified as oblique. Keratometric
astigmatism is defined as the difference of SK-FK.

The dependence of the number of patients having a given
cylinder with the cylinder value (the distribution of cylinder
values) is used to fit an exponential model. The model is

X
=A — (. 1
Y eXP‘I X} (1)

In Equation (1), x is the cylinder in diopters; A is the pre-
exponential factor, which depends on the size of the sample;
y is the number of patients with the cylinder in a given
interval with x in the center; e (2.71828..) is the base of the
natural logarithms; and y is the decaying factor, which
depends on how fast the number of patients with a given
cylinder decreases with the increase of it. The larger the y, the
slower the decrease of y is. In this sense, y characterizes the
distribution of the magnitude considered.

The distribution of implanted IOL and refractive errors
were also analyzed, obviously excluding from the sample the
patients who became aphakic.

In patients with both eyes measured, refractive aniso-
metropia was considered as SE differences >1.0 D between
eyes. We also considered the anisometropia in the sphere.
The distribution of the number of eyes with a given mag-
nitude of the difference is used to fit the same exponential
model of Equation (1). The influence of AL and ACD in
anisometropia is also studied.

The distribution of ocular biometric characteristics, vi-
sual acuity, and refractive results were analyzed both across
the entire study population and segmented by sex (males and
females) and age (<40, 40-59, 60-80, and >80 years old).

Statistical analyses were performed using the free soft-
ware R, v. 3.6.3. The results are expressed as the parameter
mean (with a confidence interval of 95%), median, standard
deviation (SD), variance (Var), skewness, kurtosis, and the
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interquartile range (IQR), defined as the difference between
the third quartile and the first one Q;-Q;. Skewness (y) is a
measure of the asymmetry of the distribution of the con-
sidered random variable around its mean. A normal dis-
tribution (and every symmetric distribution) has zero
skewness. A negative skew (left-skewed) indicates that the
left tail is more important in the distribution than the right
one, while a positive skew (right-skewed) indicates the
contrary. Kurtosis («) is a measure of the tailedness of the
distribution of the random variable; it is related with the
probability of production of outliers according to the dis-
tribution. It is commonly compared with the kurtosis of a
normal distribution (3) saying that a distribution is platy-
kurtic if its kurtosis is smaller than three and leptokurtic if it
is larger. The difference between the kurtosis of a given
distribution and the normal kurtosis is named excess kur-
tosis. All these magnitudes characterize the random variable
distribution.

Differences between two levels of a variable were
assessed for significance using the Student’s t-test for un-
paired samples, given as t and p values. Those values of
P <0.05 were considered statistically significant. The dif-
ference between several levels is elucidated with an analysis
of variance test. These criteria were used for age- and sex-
related differences.

A Kolmogorov-Smirnov goodness of fit test was used to
determine if the studied parameters were normally dis-
tributed or not.

3. Results and Discussion

3.1. Results. Table 1 shows the selected magnitudes and their
units, as well as the number of eyes that were included and
excluded from the results for each one. Note that the number
of eyes used in the analysis of the different magnitudes
changes. The reasons for the differences are diverse:

(i) The measurement was not registered in the database

(ii) IOL Master 3.0.2 and 500 does not measure the lens
thickness

(iii) The patient became aphakic

(iv) Preoperative refraction was not completed for un-
known reasons

(v) Patients did not attend postoperative refraction
appointment

Though the number of patients with registered LT is much
less than the total number of eyes, this number is large enough
to yield sound statistics. The statistical distribution of the in-
volved magnitudes was assessed calculating their momenta and
related values: mean, median, standard deviation (o), skewness,
and kurtosis. In Table 2, the values of momenta and related
quantities for the different random variables considered are
shown. In Table S1 of Supplementary Material, the 95%
confidence intervals of the magnitudes (expressed as the mean
+1.960/~/n , o the standard deviation, and n the number of
patients) and the Interquartile Range are presented. The
Kolmogorov-Smirnov test showed that none of the variables is
normally distributed.

The segmentation by age groups is shown in Figure S1
(Supplementary Materials). Figure S1(a) shows a histogram
of the distribution of age, in intervals of five years. Average
age is 68.70 years, with a standard deviation of 10.89 years.
The distribution is left skewed, as expected, and platykurtic,
with a kurtosis close to three. Figure S1(b) shows the dis-
tribution among age groups. The larger percent is, as usual,
in the age group between 60 and 80 years.

Figure 1 shows the AL’s distribution. It has two inter-
esting characteristics. Firstly, it is right-skewed, meaning
that the right tail is longer. In the second place, it is highly
leptokurtic, with an excess kurtosis of 5.46, meaning that the
distribution has fat tails. The combination of these two
characteristics indicates that there are more extra-long eyes
(AL > 30 mm, 272 eyes) than extra-short ones (AL < 20 mm,
36 eyes). The average AL is 23.52 mm (minimum 14.98 mm,
maximum 37.40 mm, o=1.59 mm). Figure S2 shows the
axial length distribution of the sample, segmented by length
groups. Note the predominant group is in the normal length
range.

Figure 2 presents the distribution of ACD. Average ACD
is 3.02 mm (0 = 0.44 mm), with a small skewness (0.33) and a
small kurtosis (1.63), which is reflected in the thin tails that
can be appreciated from the figure. Figure S3 shows a
histogram of LT values. The crystalline thickness has an
average value of 4.55mm (¢ =0.52 mm). It is possible to see
that the distribution is highly symmetric (y = 0) and slightly
leptokurtic (x = 3).

A histogram of Kav is shown in Figure 3. Its average value
is 44.04 D (0 =1.77 D). The distribution of values of SK and
FK is shown in Figures S4(a) and S4(b), respectively. The
average values are 44.61 (6 =1.86 D) and 43.47 D (0 =1.80 D).

The preoperative SE has a bimodal distribution, as shown
in Figure 4(a). The two modes are -1.50 D (myopic) and +1.50
D (hypermetropic). The average preoperative SE is —1.13 D
with a standard deviation of 4.22 D. Figure S5(a) is a histogram
representing the distribution of the preoperative sphere. It is
evident that the preoperative sphere is also bimodal (modes
—-1.5 D and +1.5 D, average of —0.52 D), influencing the
distribution of the SE. The distribution of the SE after surgery is
different, as can be seen in Figure 4(b). In this case, the dis-
tribution is unimodal, with an average value of —-0.36 D
(0=1.09 D).

Figure S5(b) is the histogram of SPH2 that has an average
value of 0.41 D (0=1.06 D).

The distribution of cylinders has a maximum in 0.75 D and
decreases exponentially (accordingly with Equation (1)) as the
cylinder increases, as can be seen for CYL1 in Figure S6(a). The
decay rate is y=0.92 D, with an Adjusted R*=0.9995. The
decrease of CYL2 is also exponential (see Figure S6(b)),
decaying slower (decay rate of 1.36 D) and R’ =0.9945.

Figure 5 shows the distribution of eyes classified as
myopic, emmetropic, and hyperopic, before and after sur-
gery. The distribution of refractive defects changes after
surgery. The relative proportion and the absolute number of
emmetropic eyes increase notably. The number and percent
of hyperopic and myopic eyes considerably decreases. Note
that the number of eyes measured after surgery is larger than
before (see Table 1).
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TaBLE 1: Definition of the used variables, their units, and the amount of eyes included and excluded.
Variables Def (units) Included Excluded
AGE=* Age (years) 25068 0
AL Axial length (mm) 28240 12
ACD Anterior chamber depth (mm) 27923 229
LT Lens thickness (mm) 4395 23857
SPH1 Sphere of the preoperative refraction (D) 22818 5434
CYL1 Cylinder of the preoperative refraction (D) 22818 5434
AX1 Preoperative axis (degree) 22818 5434
SE1 Preoperative spherical equivalent (D) 22818 5434
SK Power of the steepest meridian (D) 28248 4
FK Power of the flattest meridian (D) 28248 4
Kav Average corneal power (D) 28248 4
UDVAL Preoperative uncorrected distance visual acuity 28252 0
CDVA1 Preoperative corrected distance visual acuity 28252 0
10L IOL power (D) 28252 0
SPH2 Sphere of the postoperative refraction (D) 25589 2663
CYL2 Cylinder of the postoperative refraction (D) 25589 2663
AX2 Postoperative axis (degrees) 25589 2663
SE2 Postoperative spherical equivalent (D) 25589 2663
UDVA2 Postoperative uncorrected visual acuity 28252 0
CDVA2 Postoperative best corrected visual acuity 28252 0
PE Prediction Error (D) 25589 2663
#In the AGE field, only the number of patients is considered.

TaBLE 2: Statistical parameters of the considered variables.

Variables Mean Median SD Var Skewness Kurtosis
AGE (years) 68.70 70.00 10.89 118.61 -1.06 2.32
AL (mm) 23.52 23.28 1.59 2.52 2.18 8.46
ACD (mm) 3.02 3.02 0.44 0.19 0.33 1.63
LT (mm) 4.55 4.55 0.52 0.27 -0.24 3.41
SPH1 (D) -0.52 -0.25 4.17 17.37 -0.90 4.27
CYL1 (D) 1.22 1.00 0.90 0.81 1.48 4.04
AX1 (deg) 82.78 85.00 43.96 1932.54 -0.02 0.02
SE1 (D) -1.13 -0.88 4.22 17.84 -0.95 4.24
SK (D) 44.61 44.64 1.86 347 -0.53 5.83
FK (D) 43.47 43.54 1.80 3.23 -0.84 5.32
Kav (D) 44.04 44.07 1.77 3.12 -0.73 5.42
UDVAI1 0.16 0.10 0.14 0.02 1.83 3.98
CDVAl 0.40 0.40 0.27 0.07 0.54 -0.41
IOL (D) 20.65 21.00 4.35 18.89 -2.18 8.86
SPH2 (D) 0.41 0.50 1.06 1.13 0.72 22.54
CYL2 (D) 1.52 1.25 1.08 1.17 1.40 2.98
AX2 (deg) 93.62 95.00 38.50 1482.39 -0.27 0.66
SE2 (D) -0.36 -0.25 1.09 1.03 0.39 28.90
UDVA2 0.46 0.40 0.28 0.08 0.39 -0.81
CDVA2 0.77 0.90 0.28 0.08 -1.11 0.16
PE (D) 0.28 0.34 0.99 0.98 -0.06 19.44

Regarding the type of astigmatism, Figure 6 indicates
that the number and percent of eyes showing atr astigmatism
increases after the surgery. The number and proportion of
wtr astigmatism diminish while the number and the pro-
portion of eyes with oblique astigmatism increase slightly
after surgery. Note that the number of eyes used for de-
termining AX1 and AX2 is different (see Table 1).

Keratometric astigmatism has a distribution shown in
Figure 7. This histogram tells us that more than half of the
patients have keratometric astigmatism below 1 D. The
average value is 1.15 D, with a standard deviation of 0.96

D. The distribution is right-skewed, and highly leptokurtic.
Figure S7 shows that the distribution of keratometric
astigmatism has an exponential shape, with a decaying factor
of 0.858 D.

Figure 8 shows the distribution of IOL of the lenses
implanted to the patients. It is easy to see that the more
frequently implanted lenses have a power between 20 D and
22 D (12759 lenses, 45.3%). Figure S8 shows a histogram of
uncorrected distance (UD) and corrected distance (CD)
visual acuity before and after surgery. Before surgery, most
of the patients have an uncorrected visual acuity below 0.3,
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FIGURE 1: Histogram of the axial length, with 0.5 mm bins. In the
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FIGure 2: Histogram of the anterior chamber depth with bins of
0.2mm. In the inset, the main statigraphs of the distribution are
shown.

4000

- N
3500 Av = 44.04D Ny

3000 L o=177D
y=-0.73
2500 - K =542 N

2000 - \

Patients

1500
1000 \

500 \

0 .
30 35 40 45 50 55

Kav (D)

F1GuRre 3: Histogram of the average corneal power with 0.5 D bins.
In the inset, the main statigraphs of the distribution are shown.

while the corrected visual acuity is below 0.6 in a majority of
the cases. After surgery, on the contrary, 47% of the patients
have uncorrected distance visual acuity above 0.5, and 64%

have corrected distance visual acuity above 0.8. As the
cataract has a major influence on visual acuity, the post-
operative results are more important. In Figure 9 the
postoperative uncorrected and corrected distance visual
acuity are compared. Figure 9(a) compares the cumulative
percent of both quantities, while Figure 9(b) shows the
difference between them in terms of Snellen lines.

Figure 10 shows the distribution of the absolute value of
PE in different intervals. In the figure, both the number and
percent of eyes in each interval are presented. Around 75%
of eyes reach a postoperative refraction that differs less than
one diopter of the predicted one. Figure S9 shows the
distribution of PE, with a mean value of 0.28 D (¢ =0.99 D).
The presence of refractive surprises is signaled by the high
value of kurtosis. This magnitude and its dependence with
the formula used to calculate the prediction refraction
(including the optimization of the constants used), as well as
the lens model, are so important that they deserve a separate
study. It will be conducted in a forthcoming paper.
Figure S10 shows the distribution of anisometropia before
surgery. Figure S10(a) represents the distribution of the
absolute value of the difference SPH1os-SPH1op and the fit
of an exponential model (Equation (1)) to the experimental
data. Figure S10(b) is similar, but the magnitude is related to
the absolute value of the difference SE1ns-SE1gp. Overall, of
the 1863 pair of eyes having preoperative data, 1038 (55.7%)
present anisometropia of the sphere, while 959 (51.5%)
present anisometropia of the spherical equivalent. Both
distributions have an exponential decay (R*>0.99), with
similar decaying factors (1.16 and 1.11 D, respectively).

The effects of the surgery on the anisometropia are
evident by analyzing Figure S11. Figure S11(a) shows the
distribution of the SPH2’s anisometropia and
Figure S11(b) shows the distribution of the anisometropia
in SE2. Of the 2632 measured pairs of eyes, 636 (24.2%)
show anisometropia in the sphere and 773 (29.4%) in the
spherical equivalent. Not only the proportion of affected
eyes diminishes but also the prevalence of large aniso-
metropias decreases. It is evident in the values of the
decaying factor (0.71 and 0.620 D, respectively).

An additional study of the anisometropia in the biometric
parameters of the mate eyes was performed. The difference |
ALps-ALop| has an average value of 0.24 mm (o = 0.45 mm,
IQR =0.17 mm). When the same calculation is performed with
the ACD, |ACDos—ACDgp| has an average value of 0.18 mm,
0=0.32mm, and IQR=0.17 mm.

Table 3 reports some statigraphs of different magni-
tudes segmented by sex. Female eyes are shorter and have
shallower anterior chambers than male eyes. The average
LT of both sexes are statistically different, with female
lenses thicker than the male ones. These factors combined
imply that men have deeper vitreous chambers than fe-
males. The power of the female’s corneas is consistently
bigger than that of males. It is so not only for the average
power but also for the extreme keratometries.

The average value of SEl is more myopic in male
patients than in female ones. After surgery, though the
differences between the average SE of males and females
diminish, the values are significantly different. CYL1 and
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CYL2 are different between sexes, though in the post-stage Consistent with the biometric findings, female eyes need
the differences between the distributions are less  in average more powerful implanted lenses than men. The
important. standard deviation, skewness, and kurtosis of the
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TaBLE 3: Gender segmentation of the data.
Variables Sex Mean Median SD Var Skew Kurt Number t-test p value
F 68.77 70.00 10.70 114.49 -0.94 1.81 17811
Age M 68.67 70.00 1093 11951  -124 309 10441 0.78 043
F 23.31 23.02 1.63 2.67 2.35 8.66 17802
AL M 23.88 23.72 1.43 2.05 2.30 10.62 10437 3091 <0.001
F 2.95 2.95 0.42 0.18 0.33 1.40 17628
ACD M 3.13 3.13 0.44 0.20 0.31 2.22 10294 31.66 <0.001
F 4.57 4.58 0.50 0.25 -0.23 2.07 2681
LT M 4.53 4.50 0.55 0.31 -0.22 4.70 1714 2.8 0.01
F 44.87 44.88 1.83 3.36 -0.60 6.02 17807
SK M 4417 4418 1.83 3.34 -0.48 6.73 10440 3091 <0.001
F 43.74 43.77 1.77 3.15 -0.96 6.52 17807
FK M 43.00 43.05 1.74 3.03 -0.77 4.66 10440 3431 <0.001
F 44.31 44.33 1.74 3.03 —-0.81 5.83 17807
Kav M 43.59 43.64 1.72 2.94 -0.73 6.08 10440 33.83 <0.001
F -0.91 -0.38 4.36 19.03 -1.14 4.26 12989
SEI M -1.52 -1.50 4.03 16.22 -0.61 4.39 7498 10.05 <0.001
F -0.37 -0.38 1.03 1.06 0.36 29.66 14269
SE2 M -0.32 -0.25 1.02 1.03 0.21 28.28 8296 345 <0.001
F -1.18 -1.00 0.89 0.79 -1.61 4.78 12989
CYL1 M -1.27 -1.00 0.92 0.85 -1.37 3.43 7498 7.07 <0.001
F -1.49 -1.25 1.07 1.16 -1.45 3.21 14269
CYL2 M -1.54 -1.25 1.09 1.19 -1.40 3.15 8296 3.36 <0.001
F 21.04 22.00 4.57 20.88 -2.23 8.18 17810
10L M 19.99 20.00 3.85 1480 232 1199 10441 2062 <0001
F 0.27 0.32 1.03 1.06 -0.32 27.16 14269
PE M 0.29 0.34 1.00 0.99 0.14 19.93 8296 175 0.08

A Student’s t test for unpaired samples was performed in order to compare the means of each variable among sexes. p—value < 0.05 is considered as highly

significant. Nonsignificant values are shown in boldface.

distributions segmented by sex are most of times very close,
implying that both distributions are only displaced, having
similar shapes.

Figure 11 presents the percent distribution of refraction,
before and after surgery, segmented by sex. The distribution
before surgery shows that for males, the majority of eyes
(60%) are myopic, while for females the prevalence of

myopia is larger than the prevalence of hyperopia, but the
difference is not as large. Both sexes present a small number
of emmetropic eyes, slightly above 10%. After surgery, the
proportion of emmetropic eyes increases up to 50%, di-
minishing the percent differences among sexes in the three
segments. Regarding anisometropia, both sexes present the
same prevalence (p =0.45).



Journal of Ophthalmology

7000

6000 -

5000

$96%%
90%%%%
%ﬁﬁf

G0 0.0.9.9.9.0.9.0.0.0.0.90.0.9,

4000

Patients

203 )

3000

&
R

Q

%
b

XK XXX
s
9a%% %%

2000

%
%

XXX

%%

%%
b

X0

%%

X
0
2

R RALALARIK
Sotesototetotototeteteetetetets

1000

XX
<>
‘?
XX
o
%%

X
55
X
5
5

2
S X%,

IS
K
92%%

V] Fem-pre
Male-pre

Emmetropic

>

X
O

2

o%
O

X
1N
'S

v
doSode%
020X

wv
K%
XXX
XX

X2
%
%
02&’

b

%
200!
0%

X5

%
%

K

b

KXXSS
88
XKL

IIIEIEIIINANS
2R R R ARARKK,
QK RRKRLIKARKKRKLRKK,
R RRRRRRRHRIERELRRARRRRK

%
%S
0%

%
%%
K

9,
b

%
ot

XS
0,000
0. 0.0.0.0
XXX

o
o
S

XS
o
0a¥a%%

503%
KL
%%

Hyperopic

Refraction

Fem-post
B Male-post

FIGure 11: Classification of the refraction, preoperative and postoperative, segmented by sex.

Table 4 reports the segmentation by age of the biometric
magnitudes, as well as the refraction (pre- and post-) and PE
for the selected age groups. A one-way ANOVA test was
performed to detect differences between mean values of the
different groups. The bottom row of the table gives the
F-values obtained, as well as the real power of the test. The
values per age group of AL, LT, ACD, and SE1 present highly
significant differences between all groups. Table 5 shows the
behavior of the average keratometry. The age group of 41-60
presents differences with all other groups that do not present
differences among them. PE, on the contrary, has a different
behavior, explained in Table 6. SE2 does not present dif-
ferences among age groups.

Note that in all these magnitudes, the standard deviation
and other statigraphs (not shown here) change between groups.

3.2. Discussion. The results of the present hospital-based
population study constitute, to our knowledge, the largest
and more representative investigation on ocular biometric
parameters of Cuban cataract patients using optical biom-
etry. In addition, extensive data on refractive errors and
visual outcomes distribution are also provided by this work.

Missing information of some variables in numerous
cases, due to aforementioned dissimilar reasons, makes it
mandatory to exclude certain amount of analyzed eyes for
specific parameters. Since available data of each magnitude is
enormous, these exclusions did not hinder from obtaining
representative results of every one of them.

Mean age in our study (68.70 years) is consistent with the
frequent cataract association to senescence and its left-
skewed distribution, showing that the larger percent in the
age group between 60 and 80 years behaves similar as vastly
reported on literature in all latitudes [19, 20]. Most previous
Cuban studies [13, 15, 21] agree with our finding. The av-
erage age in Ref. [22] is smaller than the value found in this
study. It also happens in Ref [16], dedicated to study young
hyperopes patients. Ref. [14] does not report age data.

The standard value of AL of the human eye is inter-
nationally taken to be around 24mm in adulthood re-
gardless of sex or race, whereas AL tends to be longer in
myopic and shorter in hypermetropic eyes comparing to that
of emmetropic [23]. The right-skewed distribution is in
accordance with the predominance of myopia in the studied
sample. AL average values are variables in the literature. The
mean AL observed in this paper is larger than those of Refs.
[19, 22, 24], in which ultrasound, low-coherence reflec-
tometry, and partial coherence interferometry are used,
respectively. Conversely, Refs. [2, 25] using low-coherence
reflectometry and partial coherence interferometry, re-
spectively, show larger average values. Previous researches in
Cuba report larger [26], much larger [15], shorter [27], and
much shorter [16] average AL when compared with our
results. It should be noted that the analyzed periods in all
these works include only one year or less, and that the
sample size is much smaller than ours, explaining the dis-
persion in their results. Specifically, in the case of Ref. [15],
more than 93% of patients had myopic astigmatism while the
result of Ref. [16] is in accordance with his studys design,
where all the patients were hyperopes.

Average ACD in our work (3.02 mm) is shallower than
reported in Latino populations [11] and to a lesser extent,
those of Refs. [28, 29] in Asian populations. On the other
hand, Hashemi et al. [24] report an ACD average even
shallower than ours using the biometer LENSTAR/BioG-
raph (WaveLight AG, Erlangen, Germany). Differences
between these two biometers may affect the comparative
analysis since ACD value in Lenstar refers to the distance
between corneal endothelium and lens anterior capsule
while the distance for this variable in IOL Master is taken
from corneal epithelium to lens anterior capsule. That is why
Lenstar uses the sum of central pachymetry and ACD values
for IOL calculation [27]. Therefore, this issue has to be
considered when comparing Lenstar and IOL Master as
Cuban researchers did in a previous study [27], showing
values closer to ours, with no significant differences between
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TABLE 4: Segmentation by age of the biometric parameters, spherical equivalents (SE1 and SE2), and PE.

Age AL (mm) mean LT (mm) mean ACD (mm) mean Kav (D) mean SEpre (D) mean SEpost (D) mean PE (D) mean

group (sd) (sd) (sd) (sd) (sd) (sd) (sd)

<40 24.61 (2.99) 3.87 (0.58) 3.39 (0.55) 4417 (237)  —3.43 (8.54) ~0.44 (1.35) 013 (1.53)

41-60 23.95 (2.45) 431 (0.52) 318 (0.45) 4383 (218)  —2.05 (6.11) ~0.37 (1.26) 0.32 (1.36)

61-79 23.44 (1.32) 4.58 (0.50) 3.00 (0.42) 4408 (1.66)  —-1.03 (3.56) ~0.33 (1.03) 0.28 (1.07)

>80 23.28 (0.99) 4.73 (0.52) 2.85 (0.41) 44.13 (1.56) 0.06 (2.78) ~0.35 (1.18) 0.20 (1.77)

F 204.2 (1) 95.9 (1) 497.8 (1) Table 5 392 (1) No diff. (1) Table 6

The results of the analysis of variance are reported using the F-value, with the actual power of the test in parentheses. The analysis of Kav and PE is

particularized in Tables 5 and 6, respectively.

these two biometers. In contrast, Song et al. [4] observed that
ACD measured by IOL Master 500 was shallower than that
measured by IOL Master 700 or Lenstar LS900 (Haag Steit
AG, Koeniz, Switzerland)). In Song’s study, the ACD mean
value is similar to ours when measured by IOL Master 500,
while values from IOL Master 700 and Lenstar are deeper.
This result corresponds with that of the number of eyes
measured using PCI (IOL Master 3.0.2 and 500) in our
sample is much bigger than those measured by SS-OCT. A
former study conducted in the Cuban Institute of Oph-
thalmology [26], using optic (IOL Master 500) and im-
mersion ultrasonic biometry, shows similar results to ours.
We found no ACD mean values reported in other Cuban
population-based studies.

Accommodation must be considered for an accurate
measurement of lens thickness. Nonstandardized accom-
modative stimuli used for research and the wide resolution
variability among the available techniques to measure this
magnitude explain the difference in lens thickness reported
in literature. However, many studies, including this, are
conducted without recording accommodative response,
assuming that the subject was accommodating accurately to
the target [30, 31]. In addition, considering those patients
under 40 years old in the present study, the nonpresbyope
ones represent only 1.45% of the sample and all patients had
been diagnosed with cataract, making improbably that lens
thickness would be significantly affected by accommodation.
Since PCI-based biometers are not able to offer this mag-
nitude, lens thickness was measured in 4395 eyes by using
exclusively the SS-OCT-based IOL Master 700, which offers
the best resolution, approximately 10-20 ym.

The average LT of 4.55mm is higher than that reported
in studies that used an A-scan ultrasound, which has lower
resolution than the SS-OCT, for studying Latino [11, 19] and
elderly Chinese populations [10]. Hashemi et al. [24] and
Ferreira et al. [2], using both low-coherence optical reflec-
tometry (Lenstar) observed much smaller LT values. As far
as we know, a previous report of this magnitude has not been
published on Cuban patients.

Keratometry average value and its distribution in our
study are close to those observed in European population-
based studies using partial-coherence interferometry [20]
and optical low-coherence reflectometry [2].

In the Asian population, Song et al. [4] show similar
keratometry average value when using Lenstar and IOL
Master 700 and a bit bigger when using IOL Master 500,
while Wickremasinghe et al. [18] show much close values to

TaBLE 5: Kav.

41-60 61-79 >80
<40 p<0.001 No (p=0.32) No (p=0.72)
41-60 p<0.001 p<0.001
61-79 No (p=0.12)
TABLE 6: Prediction error.
41-60 61-79 >80
<40 p<0.05 p<0.05 No (p=0.45)
41-60 p<0.001 p<0.001
61-79 No (p=0.18)

ours, using an autorefractor-keratometer (Canon RK-5
Autorefractor Keratometer; Canon, Inc., Tokyo, Japan).
Cuban researchers [15, 32] using autorefractor-kera-
tometers have previously reported slightly lower values.
Keratometry measurements may vary when different eval-
uation methods are used, as it was demonstrated in Ref. [33]
reporting a significantly lower corneal power when mea-
surements were obtained with autorefractor-keratometers
than those measured by IOL Master.

Relating to FK and SK, the average values are 43.47 D
and 44.62 D, respectively. The Auckland Cataract Study [34],
in a defined New Zealand population, found a near value for
average flattest keratometry and a rather lower value for the
steepest one. Likewise, in a preceding Cuban study [27], FK
and SK mean values were lower than ours, using both
Lenstar and IOL Master 500.

The bimodal distribution of SPH1, with both myopic and
hypermetropic peaks, has a notorious influence in the
similar bimodal behavior of SE1 distribution. SE1 shows a
myopic mean value. Though correlation between myopia
and cataract is not a purpose of this paper, this myopic SE1
may be related in some extent to the presence of nuclear
cataract, taking into account the previously reported asso-
ciation between these variables. [35].

Similar myopic SE1 is reported in Ref. [36]. In Refs.
[15, 22], the spherical component shows a similar influence
on the prevalence of ametropias in Cuban samples. SE2
mean value within emmetropia range (£0.5 D) is the ex-
pected outcome and it is similar to those reported in lit-
erature [34].

Before analyzing astigmatism behavior, it is important to
remark that keratometry is not commonly measured fol-
lowing cataract surgery at the postoperative stage in Cuba,
unless it is required for investigative purposes. Therefore,
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only refractive astigmatism is available after surgery in this
retrospective study. In our series, both corneal and refractive
average astigmatism is larger than 1 D before surgery.
However, taking into account that most of total astigmatism
comes from the cornea, and lenticular astigmatism is
eliminated with extraction of the cataract, only the corneal
astigmatism is considered when planning cataract surgery.

The distribution of CYL1 (see Figure S6(a)) for values
above 1 D is exponential. In the inset of this figure, the fit of
an exponential model to the experimental values is shown.
The high value of R* (0.9995) indicates that the model ex-
plains almost all the variations observed. Below this value, a
marked decrement in the number of patients is found.
Attebo et al. [37] found a similar behavior, though they do
not make a fitting of a model to the data. They also found a
decrement in the number of cases for values of cylinder
below 0.5 D. As they note, it may be associated with a
preference of not to report these small cylinders, as par-
ticipants could usually read the same number of letters
without it.

A similar dependence is found for CYL2 (Figure S6(b)).
The exponential model explains more than 99% of the
variation of the cylinder. The main difference between both
distributions is the value of the decaying factor y. While for
CYL1 it is 0.92 D, for CYL2 it is 1.36 D, indicating a slower
decrement. This is a signal that, as a result of the incision, the
refractive astigmatism increases. This is confirmed by the
average values of both magnitudes, reported in Table 2.

Keratometric astigmatism behaves similar to that of the
preoperatory refractive one; in both cases, almost 90% of the
eyes have a value below 2 D. Figure S7, represents the
distribution of the keratometric astigmatism. The expo-
nential fitting shown in the inset has a similar decrement as
that presented in Figure S6(a). Note that the decaying factor
of the keratometric astigmatism (0.858 D) is close to the
decaying factor of the preoperative refractive astigmatism
(0.92 D), indicating the close relation between both
magnitudes.

The increment of astigmatism after surgery may be
explained by the lack of toric lenses and the nonsystematic
practice of anti-astigmatic incisions by the surgeons due to
nonavailability of graduated scalpels in our environment. At
the Cuban Institute of Ophthalmology, most of the surgeons
habitually perform the principal corneal incision during
phacoemulsification on temporal or supero-temporal sites,
since incisions on these locations are less astigmatogenic.
Some others treat astigmatism up to 1.5 D by making the
principal corneal incision on the steepest meridian during
cataract surgery. In some cases, this may be technically
difficult and may require less comfortable positioning and
consequently it is frequently avoided by surgeons having a
negative impact on postoperative astigmatism. In a study
conducted in the United Kingdom, where nontoric standard
monofocal IOLs were implanted in 99 percent of the eyes, a
similar trend toward greater postoperative astigmatism was
observed [38]. Despite the nondisposable toric IOL or
graduated scalpels for limbal releasing incision (LRI), a
former Cuban study showed a mean surgical induced
astigmatism (SIA) of 0.61 D after phacoemulsification [39],
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whereas SIA resulted in higher than 1 D when superior
sclera-corneal incisions were performed [40].

ATR-astigmatism represents, by far, the major per-
centage at preoperative stage. Similar behavior has been
observed in Refs. [2, 5, 41] and previous Cuban researches
[15, 22].

The preoperative refractive defect with a higher preva-
lence is myopia. Since the strong correlation between axial
length and ocular refraction have been formerly confirmed
[42], the aforementioned presence of more extra-long eyes
than extra-short ones observed in this study’s sample may be
a contributing factor for this fact. In addition, the probably
larger lens thickness related to the condition of cataract
diagnosis for all patients selected in this study, with respect
to the noncataractous population, may be related to an
increased lens refractive power. Olsen et al. [42] observed
that the stronger the lens, the more myopic the eye. Al-
though the present paper did not explicitly analyze the lens’
refractive power, this magnitude is significantly associated
with higher lens thickness [43]. The result of the present
study is coincident with the predominance of myopic eyes
reported in the preoperative setting by Fernandez et al. [15]
and Santos et al. [21] in former Cuban studies.

At the postoperative stage, the percent of emmetropic
eyes increases notably leading to an improvement in both
UDVA and CDVA. This is the expected outcome con-
sidering that the purpose of modern cataract surgery is not
limited to remove the opacified crystalline lens but to offer
the best visual and refractive outcomes without the use of
spectacles. Comparing with previous Cuban studies, our
results are better than that reported by Galindo Zamora
et al. [14]. Conversely, Santos et al. [21] show a major
percentage of eyes with better UDAV and CDVA than the
present paper, but the studied sample was quite smaller
than ours. These good visual outcomes are much related
with refractive PE distribution showing a postoperative
refraction that differs less than one diopter of the predicted
one. The average PE is smaller than those of Refs. [44-46].
However, those authors found better results than ours
when analyzing the percentage of eyes with average re-
fractive prediction error within £0.50 D. The high excess of
kurtosis of this parameter can explain this behavior, and it
is in accordance with the almost 25% of refractive surprises
observed in this paper. A previous Cuban study shows a
smaller percentage of eyes with average PE in a range
inferior to 0.50 D, using third-generation formulas in
patients who underwent uneventful cataract surgery from
2007 to 2011 [47].

Anisometropia, in both SPH and SE, is present in more
than 50% of patients whose preoperative data of both eyes
were registered. This value is quite higher than those re-
ported in previous Cuban studies [15, 22]. It must be noted
that in those studies, anisometropia was considered when
the difference between the spherical components of both
eyes was higher than 2.5 D, which explains the discordance
with respect to our results. However, Akhgary et al. [48]
analyzing patients in a wide range of age (1-80years old)
observed that anisometropia was higher than in afore-
mentioned Cuban studies but still pretty smaller than ours.
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The high percentage of anisometropia observed in this
paper may be related to the predominance of patients be-
yond 60 years old (more than 80%). The marked increment
in the prevalence of anisometropic refractive errors later in
life has been demonstrated [49]. An extensive review about
anisometropia [50] concluded that, although asymmetric
cataract development or unilateral cataract extraction has
been suggested as a cause of anisometropia in older adults,
the more probable origin for this ametropia in senescence
may be related to a regression of neural control of binocular
vision. The exponential decay in its distribution shows that
the prevalence of large differences between both eyes before
surgery (decaying factor around 1.1 D) is alleviated by
surgery, giving a smaller decaying factor (<0.71 D). Average
value of the difference |ALos—ALop| is significantly bigger in
patients with anisometropia than in those who do not suffer
from this refractive disturbance, while the average of dif-
ference |ACDos—ACDop| is not. This result suggests a
positive correlation between the unequal axial length growth
of both eyes and anisometropia. Coincident results have
been observed in a study that examined the prevalence of
anisometropia and interocular differences of ocular bio-
metric parameters among elderly female twins, showing that
higher anisometropia concerning both spherical refraction
and spherical equivalent were associated with more myopic
refraction and longer AL [51]. Unlike the present study,
some authors [52, 53] have found a positive correlation
between the anterior chamber depth difference and aniso-
metropia, specifically in hyperopic anisometropic eyes. The
predominance of myopia in our sample may explain the
noncoincident findings concerning ACD, since no division
was made between anisomyopes and anisohyperopes.

When comparing different magnitudes segmented by
sex, females have shorter eyes, shallower ACD, and steeper
corneas. Coincident results have been reported in several
studies in Asian [9, 18, 24, 54], European [2], and Latino
[11, 19] populations. However, Lee et al. [25] found that the
association of sex with AL and ACD were no longer sig-
nificant after adjustment for height, suggesting that the
usually smaller stature of women may be the real cause of
smaller eyes. Many other studies have reported the associ-
ation between height and AL [55]. One study [56] stated that
sex-differences with respect to AL and ACD were still sig-
nificant in multivariate analyses controlling for stature,
suggesting that sex may be an independent determinant of
AL. Likewise, in Ref. [2], it was concluded that the greatest
predictor of ocular biometrics is gender. However, these
gender differences related to AL are not significant in
emmetropic subjects as reported by another study [23]. An
average flatter cornea observed in males is similar to reports
in literature but, unlike AL and ACD, it seems to be not
influenced by height adjustments [25].

Lens thickness is significantly bigger in females. Other
authors have reported similar results [19, 54]. In contrast, an-
other study [57] found that males had slightly greater thick-
nesses than females but the mean difference was not significant.
In the Los Angeles Latino Eye Study [11], a significant gender-
related difference in lens thickness was found, although it was
not statistically significant after adjusting for height.

Journal of Ophthalmology

The abovementioned findings are the reason for the
greater average value of the IOL power implanted to females.

Refractive error is probably a consequence of a mismatch
of the biometric parameters of the eyes (i.e. AL, K, ACD, LT)
and the refractive power of these structures [53, 58]. AL (or
vitreous chamber depth when AL is broken down into its
components) has been remarked as the most important
contributor parameter in determining refractive error, fol-
lowed by the corneal power of the eye [11]. These authors
also found that other variables had a smaller but significant
contributing effect on refractive error such as lens opales-
cence and the two other components of axial length: lens
thickness and anterior chamber depth. Correspondingly, the
deeper anterior chamber and vitreous chamber and con-
gruently the longer AL may explain the preponderance of
preoperative myopia in males, considering both the distri-
bution and the average spherical equivalent. Other studies in
the Chinese population report that women tend to be more
hyperopic [58, 59]. However, in the present paper, myopia
also exhibits higher prevalence than hyperopia in females,
but the difference is not as large as that observed in males.
On the other hand, other studies found nonsignificant sex
difference in refractive error [10].

Because all of the aforementioned biometric parameters
for each individual are considered for IOL calculation in
order to achieve a better visual and refractive outcome, the
percent differences of myopia and hyperopia between sexes
diminish while emmetropia increases after cataract surgery.
The average SE of both males and females is closer to zero,
and the difference between them diminishes after surgery,
although the values remain significantly different. The rel-
evance of these gender differences in ocular biometry has
been considered in formulating some of the newer gener-
ation IOL calculation formulas [60, 61]. Anisometropia has
not been associated with gender as an independent factor.
Inter-gender difference of anisometropia is not significant in
this study coinciding with previous reports in the Cuban
population [15, 22].

Biometric parameters show significant differences when
age is considered. The younger the patients the longer AL
and deeper the ACD, while LT tends to be thicker in older
patients. One study analyzing 750 cataractous eyes in an US
population [62] showed similar correlations. Analogous
results are also reported in Iranian [24], Australian [57], and
Los Angeles Latino populations [11] for these three mag-
nitudes. However, another study [10] found that AL did not
change with age although ACD showed a decrease. Kera-
tometry particularly shows no difference among ages, except
for the 41-60 group, which significantly differs from the
other groups. This result is different from that reported in
Ref. [57], where no significant change was observed for
anterior corneal radii of curvature related to age. He et al.
[10] observed that corneal power did not change with age
either.

Regarding refractive error and age, SE1 shows a shift to
hyperopia as patients get older. This outcome is coincident
with the refraction patterns described in Ref. [63] in which
refraction is stable from 20s to 40s and then moves in the
hypermetropic direction. Likewise, a former study in Cuba
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[34] found that ametropia with a hypermetropic component
was more frequent in the older age groups, while those with a
myopic component predominated in the younger age
groups. A study in a Latino population [11] shows a coin-
cident result. In Ref. [10], the spherical equivalent tended to
become hyperopic at 60 years and shifted toward myopia at
75years. Similarly, the Blue Mountains Eye Study [63]
observed that a myopic shift in refraction occurred most
frequently in older (>70years) than younger (<70 years)
participants. Another study [44] shows that in the
50-59 year age group and the 60-69 year age group, there
was a hyperopic shift of 0.41 D and 0.34 D, respectively.

4. Conclusions

In summary, this paper describes the distribution of ocular
biometric characteristics, visual acuity, and refractive results
in a large sample of the Cuban population.

The preoperative biometric parameters show highly
significant differences between sexes and age, with male and
younger eyes being longer and with a deeper anterior
chamber, but with a thinner lens. Keratometry (KS, KF, and
Kav) shows highly significant sex differences, being steeper
in female eyes than in males; however, age-related differ-
ences are not significant except for the 41-60 group. Before
surgery, both sexes have myopic eyes on average, with male
eyes being more myopic than female eyes. Preoperative
spherical equivalent tends to hyperopia with age. After
surgery, the average spherical equivalent is —0.36 D, and
female eyes are more myopic than males (p <0.001). The
percent of emmetropic eyes increases notably, leading to a
significant improvement in both UDVA and CDVA, evi-
dencing the tremendous impact of cataract surgery in re-
ducing preoperative ametropias.

These results are of interest not only in Cuba but also in
regions with a large Cuban and Cuban descendant pop-
ulation, such as several places in the USA (particularly the
south of Florida), Spain, and several counties of Latin
America. This would also be important in other countries
with similar ethnic composition (a mixing of Europeans
from the Iberian Peninsula and Black Africans) in the Ca-
ribbean region and South America.
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The data are available upon request to the corresponding
author.
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Supplementary Materials

Table S1: 95% confidence intervals and interquartile range of
the selected magnitudes. Figure S1: age distribution of the
sample: (a) Histogram with a bin size of five years, showing
in the inset the main statigraphs of the distribution. (b) Age
groups and the percent of eyes belonging to each one. Figure
S2: number of eyes in the different length ranges: short
(<22 mm), medium (22-23.9 mm), large (24-26 mm), and
very large (>26 mm). The percent of eyes in each group is
presented. Figure S3: histogram of the lens thickness, with
0.2mm bin size. In the inset, the main statigraphs of the
distribution are shown. Figure S4: histogram of the kera-
tometries with 0.5 D bins. (a) Steepest keratometry. (b)
Flattest keratometry. In the insets, the main statigraphs of
both distributions are shown. Figure S5: histograms of the
sphere of the refraction with 0.5 D bins: (a) Preoperative
sphere. (b) Postoperative sphere. In the insets, the main
statigraphs of both distributions are shown. Figure Sé:
histograms of the refractive cylinder with 0.5 D bins. (a)
Preoperative. (b) Postoperative. In the insets, the fitting of an
exponential model (Equation (1)) to the data is shown. The
value of the decaying factor y is given with its standard error
in parentheses. Figure S7: keratometric astigmatism, the
distribution function and the fit of an exponential model to
the data. The value of the decaying factor y is given with its
standard error in parentheses. Figure S8: visual acuity,
uncorrected distance (UD), and corrected (CD), before and
after surgery. Figure S9: distribution of PE. In the inset, some
statigraphs of the distribution are shown. Figure S10: ani-
sometropy in the preoperative stage. (a) In the sphere. (b) In
the spherical equivalent. In the insets of both graphs, the
results of the fitting of an exponential model (Equation (1))
to the data are shown. The decaying factor is presented with
its standard error in parentheses. Figure S11: anisometropy
in the postoperative stage. (a) In the sphere. (b) In the
spherical equivalent. In the insets of both graphs, the results
of the fitting of an exponential model (Equation (1)) to the
data are shown. The decaying factor is presented with its
standard error in parentheses. (Supplementary Materials)

References

[1] P. C. Hoffmann and W. W. Hiitz, “Analysis of biometry and
prevalence data for corneal astigmatism in 23 239 eyes,”
Journal of Cataract and Refractive Surgery, vol. 36, no. 9,
pp. 1479-1485, 2010.

[2] T. B. Ferreira, K. J. Hoffer, F. Ribeiro, P. Ribeiro, and
J. G. O’Neill, “Ocular biometric measurements in cataract
surgery candidates in Portugal,” PLoS One, vol. 12, no. 10,
Article ID 0184837, 2017.

[3] A. Akman, L. Asena, and S. G. Gungor, “Evaluation and
comparison of the new swept source OCT-based IOLMaster
700 with the IOLMaster 500,” British Journal of Ophthal-
mology, vol. 100, no. 9, pp. 1201-1205, 2016.

[4] J. S. Song, D. Y. Yoon, J. Y. Hyon, and H. S. Jeon, “Com-
parison of ocular biometry and refractive outcomes using IOL
Master 500, IOL Master 700, and Lenstar LS900,” Korean
Journal of Ophthalmology, vol. 34, no. 2, pp. 126-132, 2020.


https://downloads.hindawi.com/journals/joph/2021/9918763.f1.docx

14

(5]

(6]

(7]

(8]

[9]

(10]

(11

(12

(13]

(14

(15]

(16

(17]

(18]

Q. Huang, Y. Huang, Q. Luo, and W. Fan, “Ocular biometric
characteristics of cataract patients in western China,” BMC
Ophthalmology, vol. 18, no. 1, p. 99, 2018.

Z.S. Gaurisankar, G. A. Rijn, J. E. E. Lima et al., “Correlations
between ocular biometrics and refractive error: a systematic
review and meta-analysis,” Acta Ophthalmologica, vol. 97,
no. 8, pp. 735-743, 2019.

M. He, H. Chen, and W. Wang, “Refractive errors, ocular
biometry and diabetic retinopathy: a comprehensive review,”
Current Eye Research, vol. 46, no. 2, pp. 151-158, 2020.

J. C. Sherwin and D. A. Mackey, “Update on the epidemiology
and genetics of myopic refractive error,” Expert Review of
Ophthalmology, vol. 8, no. 1, pp. 63-87, 2013.

P.J. Foster, D. C. Broadway, S. Hayat et al., “Refractive error,
axial length and anterior chamber depth of the eye in British
adults: the EPIC-Norfolk Eye Study,” British Journal of
Ophthalmology, vol. 94, no. 7, pp. 827-830, 2010.

M. He, W. Huang, Y. Li, Y. Zheng, Q. Yin, and P. J. Foster,
“Refractive error and biometry in older Chinese adults: the
Liwan eye study,” Investigative Opthalmology & Visual Sci-
ence, vol. 50, no. 11, pp. 5130-5136, 2009.

C. Shufelt, S. Fraser-Bell, M. Ying-Lai, M. Torres, and
R. Varma, “Refractive error, ocular biometry, and lens
opalescence in an adult population: the Los Angeles Latino
Eye Study,” Investigative Opthalmology & Visual Science,
vol. 46, no. 12, pp. 4450-4460, 2005.

T. Bagus, K. Alberto, M. Muteba, and A. Makgotloe, “Analysis
of corneal biometry in a black South African population,”
African Vision and Eye Health, vol. 78, no. 1, p. a495, 2019.
A. B. Polanco Fontela, Y. Diaz Herndndez, L. Aveleira
Tamayo, K. Correa Barzaga, and M. Pérez Garcia,
“Caracterizacion de pacientes operados de catarata con
implante de lente intraocular, Bayamo, 2013,” MULTIMED
Rev Médica Granma, vol. 18, no. 1, pp. 50-66, 2014, http://
www.revmultimed.sld.cu/index.php/mtm/article/view/23/
1075.

I. B. Galindo Zamora, K. R. Ferndndez Ferrer, E. Herndandez
Pena, Y. Gonzalez Iglesias, P. Chang Chao, and L. R. Diaz
Alfonso, “Célculo biométrico y resultados refractivos. Estudio
de 250 casos operados de catarata,” MediSur, vol. 10, no. 1,
pp. 22-26, 2012, http://scielo.sld.cu/scielo.php?script=sci_
arttext&pid=S1727-
897X2012000100004&Ing=es&nrm=iso&tlng=es.

J. A. Ferndndez Soler, R. del C. Garcia Pérez, O. M. Marifio
Hidalgo, and J. A. Cobas Gonzélez, “Caracterizacion de las
ametropias atendidas en Consulta de Cirugia Refractiva del
Centro Oftalmologico de Holguin,” Correo Cientifico Médico,
vol. 19, no. 2, pp. 233-245, 2015, http://scielo.sld.cu/scielo.
php?script=sci_arttext&pid=S1560-
43812015000200006&Ing=es&nrm=iso&tlng=en.

E. Rojas Alvarez, I. Miranda Herndndez, Y. Ruiz Rodriguez,
and J. Gonzalez Sotero, “Extraccion de cristalino transparente
en pacientes hipermétropes,” Revista Cubana de Oftalmologia,
vol. 24, no. 1, pp. 40-45, 2011, http://www.revoftalmologia.
sld.cu/index.php/oftalmologia/article/view/6.

J. C. Fernandez-Alvarez, 1. Hernandez-Lopez, P. P. Cruz-
Cobas, T. Céardenas-Diaz, and A. J. Batista-Leyva, “Using a
multilayer perceptron in intraocular lens power calculation,”
Journal of Cataract & Refractive Surgery, vol. 45, no. 12,
pp. 1753-1761, 2019.

S. Wickremasinghe, P. J. Foster, D. Uranchimeg et al., “Ocular
biometry and refraction in Mongolian adults,” Investigative
Opthalmology & Visual Science, vol. 45, no. 3, pp. 776-783,
2004.

(19]

(20]

[21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

[31]

Journal of Ophthalmology

M. S. Barlatey, W. Koga-Nakamura, V. Moreno-Londoiio,
M. Takane-Imay, and C. Gonzalez-Gonzilez, “Distribution of
axial length and related factors in an adult population of
Mexico City,” Revista Mexicana de Oftalmologia, vol. 93,
no. 5, pp. 233-237, 2019.

N. E. Knox Cartwright, R. L. Johnston, P. D. Jaycock,
D. M. Tole, and J. M. Sparrow, “The Cataract National Dataset
electronic multicentre audit of 55 567 operations: when
should IOLMaster biometric measurements be rechecked?”
Eye, vol. 24, no. 5, pp- 894-900, 2010.

J. O. Santos, J. E. O. Santos, S. M. M. Noda, L. A. L. Herrera,
and J. C. M. Dominguez, “Resultados visuales y refractivos en
pacientes operados de catarata en el Hospital “Abel
Santamaria Cuadrado™ Universidad Médica Pinarefia,
vol. 14, no. 1, pp. 36-44, 2018, http://www.revgaleno.sld.cu/
index.php/ump/article/view/268.

L. Curbelo Cunill, J. Hernandez Silva, E. Machado Fernandez
et al., “Frecuencia de ametropias,” Frecuencia de Ametropias,
vol. 18, no. 1, 2005, http://scielo.sld.cu/pdf/oft/v18nl/
0ft06105.pdf.

A. Roy, “Variation of axial ocular dimensions with age, sex,
height, BMI -and their relation to refractive status,” Journal of
Clinical and Diagnostic Research, vol. 9, no. 1, pp. AC0I-
ACO04, 2015.

H. Hashemi, M. Khabazkhoob, M. Miraftab et al., “The
distribution of axial length, anterior chamber depth, lens
thickness, and vitreous chamber depth in an adult population
of Shahroud, Iran,” BMC Ophthalmology, vol. 12, no. 1, p. 50,
2012.

K. E. Lee, B. E. K. Klein, R. Klein, Z. Quandt, and T. Y. Wong,
“Association of age, stature, and education with ocular di-
mensions in an older white population,” Archives of Oph-
thalmology, vol. 127, no. 1, pp. 88-93, 2009.

E. Montero Diaz, M. Serpa Valdés, Y. Cuan Aguilar, Pérez
Candelaria E de la C, I. Herndndez Lépez, and M. Vidal del
Castillo, “Efectividad de la biometria de inmersion para el
calculo del poder didptrico de la lente intraocular,” Revista
Cubana de Oftalmologia, vol. 27, no. 3, pp. 350-358, 2014,
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/
article/view/310.

1. Miranda Herndndez, J. R. Hernandez Silva, M. Rio Torres,
Y. Ruiz Rodriguez, J. Del Amo Freire, and A. Bisnubia Vargas,
“Evaluacion del equipo de interferometria optica de coher-
encia parcial Lenstar en la biometria ocular,” Revista Cubana
de Oftalmologia, vol. 23, pp. 665-677, 2010, http://scielo.sld.
cu/scielo.php?script=sci_arttext&pid=S0864-
21762010000400001.

J. G. Yu, J. Zhong, Z. M. Mei, F. Zhao, N. Tao, and Y. Xiang,
“Evaluation of biometry and corneal astigmatism in cataract
surgery patients from Central China,” BMC Ophthalmology,
vol. 17, no. 1, p. 56, 2017.

C.-W. Pan, T.-Y. Wong, L. Chang et al., “Ocular biometry in
an Urban Indian population: the Singapore Indian Eye study
(SINDI),” Investigative Opthalmology & Visual Science,
vol. 52, no. 9, pp. 6636-6642, 2011.

K. Richdale, M. A. Bullimore, and K. Zadnik, “Lens thickness
with age and accommodation by optical coherence tomog-
raphy,” Ophthalmic and Physiological Optics, vol. 28, no. 5,
pp. 441-447, 2008.

J. M. Morales Avalos and A. J. Torres Moreno, “Estudio
biométrico ocular en una poblaciéon adulta del estado de
Sinaloa,” Revista Mexicana de Oftalmologia, vol. 90, no. 1,
pp. 14-17, 2016.


http://www.revmultimed.sld.cu/index.php/mtm/article/view/23/1075
http://www.revmultimed.sld.cu/index.php/mtm/article/view/23/1075
http://www.revmultimed.sld.cu/index.php/mtm/article/view/23/1075
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2012000100004&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2012000100004&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1727-897X2012000100004&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1560-43812015000200006&lng=es&nrm=iso&tlng=en
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1560-43812015000200006&lng=es&nrm=iso&tlng=en
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1560-43812015000200006&lng=es&nrm=iso&tlng=en
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/6
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/6
http://www.revgaleno.sld.cu/index.php/ump/article/view/268
http://www.revgaleno.sld.cu/index.php/ump/article/view/268
http://scielo.sld.cu/pdf/oft/v18n1/oft06105.pdf
http://scielo.sld.cu/pdf/oft/v18n1/oft06105.pdf
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/310
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/310
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762010000400001
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762010000400001
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762010000400001

Journal of Ophthalmology

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

[46]

Y. E. Garcia, V. T. Torriente, Z. M. Legén, and I. T. Casado,
“Calculo del poder de la lente intraocular mediante biometria
ultrasonica,” Revista Cubana de Oftalmologia, vol. 26, no. 3,
pp- 399-409, 2013, http://www.revoftalmologia.sld.cu/index.
php/oftalmologia/article/view/207.

M. Garza-Ledn, P. de la Parra-Colin, and T. Barrientos-
Gutierrez, “Estudio comparativo de la medicion del poder
corneal central usando el queratometro manual, el IOLMaster
y el tomografo Sirius,” Revista Mexicana de Oftalmologia,
vol. 90, no. 3, pp. 111-117, 2016.

A.F.Riley, T. Y. Malik, C. N. Grupcheva, M. J. Fisk, J.. P. Craig,
and C. N. McGhee, “The Auckland Cataract Study: co-
morbidity, surgical techniques, and clinical outcomes in a
public hospital service,” British Journal of Ophthalmology,
vol. 86, no. 2, pp. 185-190, 2002.

N. A. Brown and A. R. Hill, “Cataract: the relation between
myopia and cataract morphology,” British Journal of Oph-
thalmology, vol. 71, no. 6, pp. 405-414, 1987.

A. Sawada, A. Tomidokoro, M. Araie, A. Iwase, and
T. Yamamoto, “Refractive errors in an elderly Japanese
population,” Ophthalmology, vol. 115, no. 2, pp. 363-370,
2008.

K. Attebo, R. Q. Ivers, and P. Mitchell, “Refractive errors in an
older population,” Ophthalmology, vol. 106, no. 6,
pp. 1066-1072, 1999.

A. C. Day, M. Dhariwal, M. S. Keith et al., “Distribution of
preoperative and postoperative astigmatism in a large pop-
ulation of patients undergoing cataract surgery in the UK,”
British Journal of Ophthalmology, vol. 103, no. 7, pp. 993-
1000, 2019.

A. Gonzalez Pefia, L. Ortega Diaz, and E. Pérez Candelaria,
“Astigmatismo inducido en la cirugia de catarata por técnica
de facoemulsificacion,” Revista Cubana de Oftalmologia,
vol. 24, no. 1, pp. 30-39, 2011, http://scielo.sld.cu/pdf/oft/
v24n1/oft03111.pdf.

R. Montejo Valdes, EM. Ballate Nodales, M. Marquez
Fernandez, E. Fernandez Pérez, and Y. Ortega Ballate,
“Factores pronosticos del astigmatismo corneal inducido en
pacientes operados de catarata por la técnica tunelizada,”
Revista Cubana de Oftalmologia, vol. 21, no. 2, , 2008, http://
scielo.sld.cu/scielo.php?script=sci_arttext&pid=50864-
21762008000200005&Ing=es.

S. Feizi, M. Naderan, V. Ownagh, and F. Sadeghpour,
“Distribution of the anterior, posterior, and total corneal
astigmatism in healthy eyes,” International Ophthalmology,
vol. 38, no. 2, pp. 481-491, 2018.

T. Olsen, A. Arnarsson, H. Sasaki, K. Sasaki, and F. Jonasson,
“On the ocular refractive components: the Reykjavik Eye
Study,” Acta Ophthalmologica Scandinavica, vol. 85, no. 4,
pp. 361-366, 2007.

R. Iribarren, 1. G. Morgan, V. Nangia, and J. B. Jonas,
“Crystalline lens power and refractive error,” Investigative
Opthalmology & Visual Science, vol. 53, no. 2, pp. 543-550,
2012.

K. Darcy, D. Gunn, S. Tavassoli, J. Sparrow, and J. X. Kane,
“Assessment of the accuracy of new and updated intraocular
lens power calculation formulas in 10 930 eyes from the UK
National Health Service,” Journal of Cataract and Refractive
Surgery, vol. 46, no. 1, pp. 2-7, 2020.

R. B. Melles, J. X. Kane, T. Olsen, and W. J. Chang, “Update on
intraocular lens calculation formulas,” Ophthalmology,
vol. 126, no. 9, pp. 1334-1335, 2019.

T. T. V. Roberts, C. Hodge, G. Sutton, and M. Lawless,
“Comparison of Hill-radial basis function, Barrett Universal

(47]

(48]

(49]

(50]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

[60]

15

and current third generation formulas for the calculation of
intraocular lens power during cataract surgery,” Clinical &
Experimental Ophthalmology, vol. 133, no. 12, pp. 1431-1436,
2017.

M. Carracedo, H. Silva, D. Imalvet, S. Garcia et al., “Per-
sonalizacion de las constantes en las férmulas de célculo de la
lente intraocular,” Revista Cubana de Oftalmologia, vol. 25,
no. 2, pp. 1-15, 2012.

M. Akhgary, M. Ghassemi-Broumand, M. Aghazadeh Amiri,
and M. T. Seyed, “Prevalence of strabismic binocular
anomalies, amblyopia and anisometropia. Rehabilitation
faculty of Shahid Beheshti Medical University,” Journal of
Optometry, vol. 4, no. 3, pp. 110-114, 2011.

G. Haegerstrom-Portnoy, M. E. Schneck, J. A. Brabyn, and
L. A. Lott, “Development of refractive errors into old age,”
Optometry and Vision Science, vol. 79, no. 10, pp. 643-649,
2002.

S. J. Vincent, M. J. Collins, S. A. Read, and L. G. Carney,
“Myopic anisometropia: ocular characteristics and aetio-
logical considerations,” Clinical and Experimental Optometry,
vol. 97, no. 4, pp. 291-307, 2014.

O. Piarssinen, M. Kauppinen, J. Kaprio, and T. Rantanen,
“Anisometropia of ocular refractive and biometric measures
among 66- to 79-year-old female twins,” Acta Oph-
thalmologica, vol. 94, no. 8, pp. 768-774, 2016.

N. Singh, J. Rohatgi, and V. Kumar, “A prospective study of
anterior segment ocular parameters in anisometropia,” Ko-
rean Journal of Ophthalmology, vol. 31, no. 2, pp. 165-171,
2017.

S. Warrier, H. M. Wu, H. S. Newland et al., “Ocular biometry
and determinants of refractive error in rural Myanmar: the
Meiktila eye study,” British Journal of Ophthalmology, vol. 92,
no. 12, pp. 1591-1594, 2008.

T.Y. Wong, P.J. Foster, T. P. Ng, J. M. Tielsch, G. J. Johnson,
and S. K. L. Seah, “Variations in ocular biometry in an adult
Chinese population in Singapore: the Tanjong Pagar survey,”
Investigative Ophthalmology & Visual Science, vol. 42, no. 1,
pp. 73-80, 2001.

H. M. Wu, A. Gupta, H. S. Newland, D. Selva, T. Aung, and
R. J. Casson, “Association between stature, ocular biometry
and refraction in an adult population in rural Myanmar: the
Meiktila eye study,” Clinical & Experimental Ophthalmology,
vol. 35, no. 9, pp. 834-839, 2007.

L. S. Lim, S.-M. Saw, V. S. E. Jeganathan et al., “Distribution
and determinants of ocular biometric parameters in an Asian
population: the Singapore Malay eye study,” Investigative
Opthalmology & Visual Science, vol. 51, no. 1, pp. 103-109,
2010.

D. A. Atchison, E. L. Markwell, S. Kasthurirangan, J. M. Pope,
G. Smith, and P. G. Swann, “Age-related changes in optical
and biometric characteristics of emmetropic eyes,” Journal of
Vision, vol. 8, no. 4, pp. 1-20, 2008.

C.-Y. Cheng, W.-M. Hsu, J.-H. Liu, S.-Y. Tsai, and P. Chou,
“Refractive errors in an elderly Chinese population in taiwan:
the shihpai eye study,” Investigative Opthalmology & Visual
Science, vol. 44, no. 11, pp. 4630-4638, 2003.

L. Xu, J. Li, T. Cui et al., “Refractive error in urban and rural
adult Chinese in Beijing,” Ophthalmology, vol. 112, no. 10,
pp. 1676-1683, 2005.

K. J. Hoffer and G. Savini, “Clinical results of the hoffer H-5
formula in 2707 eyes: first 5th-generation formula based on
gender and race,” International Ophthalmology Clinics,
vol. 57, no. 4, pp. 213-219, 2017.


http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/207
http://www.revoftalmologia.sld.cu/index.php/oftalmologia/article/view/207
http://scielo.sld.cu/pdf/oft/v24n1/oft03111.pdf
http://scielo.sld.cu/pdf/oft/v24n1/oft03111.pdf
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762008000200005&lng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762008000200005&lng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0864-21762008000200005&lng=es

16

[61] B.].Connell and]. X. Kane, “Comparison of the Kane formula
with existing formulas for intraocular lens power selection,”
BM] Open Ophthalmology, vol. 4, pp. 1-6, 2019.

[62] R. Jivrajka, M. C. Shammas, T. Boenzi, M. Swearingen, and
J. H. Shammas, “Variability of axial length, anterior chamber
depth, and lens thickness in the cataractous eye,” Journal of
Cataract and Refractive Surgery, vol. 34, no. 2, pp. 289-294,
2008.

[63] J. Panchapakesan, E. Rochtchina, and P. Mitchell, “Myopic
refractive shift caused by incident cataract: the Blue Moun-
tains Eye Study,” Ophthalmic Epidemiology, vol. 10, no. 4,
pp. 241-247, 2003.

Journal of Ophthalmology



