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Purpose: To evaluate the gender-related differences in demographic and ocular biometric

trends in a defined population presenting for consultation within the Italian public health

system and to collect data of several ocular parameters at different stages of life, highlighting

the differences between females and males.

Patients and Methods: In this retrospective study, keratometry, corneal astigmatism, and

axial eye length of 729 patients (729 eyes; mean age: 58±21 years; range: 18–96 years) were

evaluated using partial coherence interferometry. Statistical evaluation was performed utiliz-

ing a paired t-test and R2 analysis.

Results: In females (396 eyes of 396 patients), mean keratometry ranged between 40.59–-

47.78 D (44.27±1.36 D), corneal astigmatism ranged between 0–3.82 D (1.13±0.74 D), and

axial length ranged between 20.5–31.32 mm (24.07±1.74 mm). In males (333 eyes of 333

patients), mean keratometry ranged between 38.5–46.95 D (43.54±1.35 D; p<0.001), corneal

astigmatism ranged between 0.1–3.97 D (1.15±0.79; p=0.75), and axial length ranged

between 20.41–31.21 mm (24.57±1.78 mm; p<0.001). Both genders presented a shorter

axial length in advanced age. Elderly males presented a higher percentage of against-the-

rule astigmatism.

Conclusion: Females may have steeper corneas and shorter eyes. A trend toward axial

length reduction with age was observed in both genders. This finding is probably due to the

difference in growth between generations, as the new ones have an higher size than the old

ones.

Keywords: axial eye length, corneal power, gender, mean keratometry, partial coherence

interferometry

Introduction
In the last years, human age-related changes have been attracting great interest in

developed countries. Furthermore, increasing attention is focused on gender-related

differences and the mechanisms through which they could influence the human

body. The visual system is involved in several age-related changes, such as cataract

that affects a large number of patients. Measurement of the corneal power (K) and

the axial length (AL) could be very important, as the calculation of intraocular lens

(IOL) power in eyes planned to undergo cataract extraction and IOL implantation is

mainly based on these parameters.1–7

Improvements in the standards of cataract surgery changed the purpose of surgery.

Currently, the aim of this intervention is to improve visual acuity and reduce post-

operative dependence on the use of spectacles.8 For these reasons, knowledge of the

anatomical and functional changes in the human eye due to aging becomes very
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important in planning the implantation of an IOL. Changes

in corneal astigmatism (CA), as well as flattening or stee-

pening of the corneal curvature may influence the refractive

power of the eye.9,10 Investigations on ocular biometric

factors have shown that the structural and refractive com-

ponents of the emmetropic eye interact to form this ideal

refractive state. An emmetropic state can be derived from

a steep cornea coupled with a relatively short AL, or a flat

cornea combined with a relatively long AL.11,12 This indi-

cates coordinated eye growth and the existence of an active

emmetropization process.11,13,14

The purpose of this study was to assess the gender-

related differences in demographic and ocular biometric

trends in a defined population presenting for consultation

within the Italian public health system. Clinical data of

ocular parameters at different stages of life were also

collected, highlighting the differences between females

and males. These data could be used in both practical

and theoretical studies. The results may provide a useful

foundation for comparative studies and planning of future

surgical interventions.

Materials and Methods
In this retrospective study, the IOLMaster (version 4.08.0002;

Zeiss, Jena, Germany) records (January 2012–April 2013) of

patients screened to undergo cataract surgery at the Eye

Department of “San Giuseppe Moscati” Hospital (Avellino,

Italy) were reviewed. The exclusion criteria were contact lens

wearing, corneal diseases, and dense cataract that did not allow

the IOLMaster measurement, as well as history of previous

corneal or intraocular surgery, and ocular trauma.

The study protocol complied with the tenets of the

Declaration of Helsinki. All patients provided written

informed consent, and the institutional review board of

Cometico Campania Sud, Italy, (prot.n° 16544) approved

the study.

Biometric Examination
K and AL measurements were obtained using the IOLMaster.

A mean value of five consecutive measurements was calcu-

lated and images with the highest signal-to-noise ratio were

selected to ensure robust evaluation of the AL.2 For the

evaluation of K, three consecutive measurements were

obtained.

All described CA measurements were obtained using the

IOLMaster. When the correcting minus cylinder axis was

within 180±30º (with the steep corneal meridian being within

90±30º) CAwas labeled as with-the-rule (WTR). When the

correcting minus cylinder axis was within 90±30º, it was

considered against-the-rule (ATR). If CA was neither WTR

nor ATR, it was classified as oblique astigmatism (OA).

All data were analyzed using the Microsoft Excel soft-

ware (version 16051.11929.20300.0; Microsoft, Redmond,

WA, USA). The statistical evaluation was performed uti-

lizing a paired t-test and R2 analysis. A p<0.01 denoted

statistical significance.

Results
The present study evaluated the K values and AL in 729

eyes of 729 patients (mean age: 58±21 years; range:

18–96 years). The overall mean keratometry (Km) was

43.93±1.41 D (range: 38.5–47.78 D) and the overall

mean CA was 1.14±0.76 D (range: 0–3.97 D). The CA

distribution is shown in Table 1. WTR, ATR, and OA

were reported in 416 (57.1%), 208 (28.5%), and 105

(14.4%) eyes, respectively. The AL was 24.3±1.78 mm

(range: 2.41–21.32 mm).

In 396 eyes of 396 females (mean age: 56±22 years; range:

18–96 years), Km was 44.27±1.36 D (range: 40.59–47.78 D)

and mean CA was 1.13±0.74 D (range: 0–3.82 D). WTR,

ATR, and OA were observed in 232 (58.5%), 103 (26.1%),

and 61 (15.4%) eyes, respectively (Figure 1A). The AL was

24.07±1.74 mm (range: 20.5–31.32 mm). In 333 eyes of 333

males (mean age: 56±21 years; range: 18–91 years) (p=0.8),

Km was 43.54±1.35 D (range: 38.5–46.95 D) (p<0.001) and

the mean CAwas 1.15±0.79 D (range: 0.1–3.97 D) (p=0.75).

WTR,ATR, andOA,were noted in 184 (55.3%), 106 (31.9%),

and 43 (12.8%) eyes, respectively (Figure 1B). The AL was

24.57±1.78 mm (range: 20.41–31.21 mm) (p<0.001).

Patients were further divided into in six age groups

(10-year subsets) for each gender (Table 2). The distribution

of CA in the different AL ranges is shown in Figures 2A–F.

For each gender, there was no correlation between CA

and AL, or between Km and age (Figures 3A and B

and 4A and B). There was a slight inverse relationship

Table 1 Distribution of Corneal Astigmatism (in Diopters) in the

Overall Population, Female and Male Groups

Astigmatic

Range

Overall Female Male

Eyes % Eyes % Eyes %

≤ 0.5D 155 21.26 82 20.71 73 21.92

0.51–1.0D 224 30.73 126 31.82 98 29.43

1.01–1.5D 172 23.59 95 23.99 77 23.12

1.51–2.0D 79 10.84 43 10.86 36 10.81

> 2.0D 99 13.58 50 12.63 49 14.71
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between the AL and age, in both females (R2 = 0.2382) and

males (R2 = 0.2004) (Figure 5A and B).

Discussion
Through a computerized search of the PubMed database

(National Library of Medicine; National Institutes of

Health, Bethesda, MD, USA) we identified several studies

investigating the characteristics of the eyes. Some studies

evaluated only the corneal characteristics but not AL,

while others reported only on AL. Only a few studies

compared the corneal and size characteristics in males

and females.

A

B

Figure 1 (A) Frequency distribution of the astigmatic axis in the female group according to different ages. (B) Frequency distribution of the astigmatic axis in the male group

according to different ages.
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Among the studies concerned with the corneal charac-

teristics, Hoffer15 investigated 6950 phakic eyes of

patients (mean age: 72±10 years), and found that 23.6%

of eyes that underwent cataract surgery had ≥0.50 D of CA

measured using keratometry. The Km in the study was

43.81±1.6 D. However, there was no information related

to gender in this study; hence, it is difficult to compare

these findings with those of the present study.

Ferrer-Blasco et al16 retrospectively reviewed the clin-

ical records of 2654 patients attending a primary eyecare

center. They found both keratometric radii and CA to be

statistically different between males and females (p<0.05),

with Km readings being steeper in females than in males by

at least 0.50 D or 0.10 mm. The number of females and

males in the evaluated sample of patients was not specified.

Khan et al17 examined 1230 eyes of 746 patients (343

males [46%] and 403 [54%] females), and reported

a gradually increasing trend of both corneal meridians with

increasing age. However, differences between genders were

not described; thus, a comparison with the present data is

challenging.

Srivannaboon et al18 evaluated CA (magnitude and axis

location) through total corneal power, automated keratometry,

and simulated keratometry, in a limited number of patients

(74 females and 26 males; mean age: 66.14±8.77 years), using

two devices: the Galilei analyzer and the ARK 730A autoker-

atometer. Unfortunately, the authors did not compare the

degree of astigmatism between genders as 74% of patients

were females, correctly stating that this could have introduced

bias in their analysis.

Yoo et al19 analyzed data from 1215 phakic right eyes,

measuring non-cycloplegic refraction and corneal curva-

ture with an autorefractometer. The mean astigmatic

refractive error in the study sample was −0.98±0.77

D. In total, 63.7% and 34.8% of the patients had refractive

astigmatism (RA) >−0.5 D and >−1.0 D, respectively. The

prevalence of RA (cylinder <−0.5 D) varied significantly

by age; however, it was not associated with gender. These

previous investigations reported on RA, whereas the pre-

sent study reported on CA.

Logan et al20 evaluated the right eye of 373 students

(mean age: 19.55±2.99 years). The authors reported gen-

der-related differences only for the AL, with females

showing significantly shorter AL compared with males;

however, there was no comparison performed between

the CA and K readings. Notably, despite the young age

of the sample population, this study confirmed the shorter

AL observed in females.

Among the studies which reported both corneal and AL

information, Ninn-Pedersen et al21 investigated 5554 eyes and

found that 77.9% of the population had <1.5 D astigmatism.

Similar to the present study, they showed that females had

a slightly higher dioptric power in keratometry readings com-

pared with males (44.2±0.026 D versus 43.4±0.034 D, respec-

tively), and shorter eyes (23.5±0.023 mm versus 23.9

±0.029 mm, respectively). Furthermore, there was no signifi-

cant difference between the genders in terms of astigmatism.

In another study22 involving 3741 females and 2056

males, Ninn-Pedersen found that males had more ATR

astigmatism than females (56.5% versus 50.0%, respec-

tively). Riley et al23 utilized a manual Topcon OM-4

keratometer, a Topcon KR.8100 auto-kerato-

refractometer, and an Orbscan II corneal elevation topo-

grapher in a prospective study of 502 eyes of 488 patients

screened to undergo cataract surgery. The mean age was

74.9±9.8 years, with a female predominance (62%).

Different ethnic origins (ie, 72% European, 8% Maori,

10% Pacific Islander, 4% Asian, 3% Indian, and 3%

other ethnic origins) were included in the study group.

There were no differences between genders in the mea-

surements of Km and astigmatism. However, the authors

reported that the AL of eyes of male patients was signifi-

cantly longer than that of female patients (p<0.001).

Considering the overall population, ATR astigmatism

was superior to WTR in the overall population; this obser-

vation may be related to the age of the examined patients.

Mallen et al24 studied a total of 1093 Jordanian patients

(643 females and 450 males). Analysis of the biometric

data revealed that females had steeper corneas than males

(7.67±0.31 D versus 7.76±0.29 D, respectively) and

shorter AL (22.99±0.97 mm versus 23.33±1.02 mm,

respectively). They found the CA axis to be age-

correlated, with an increasing percentage of ATR observed

Table 2 Distribution of the Eyes in the 6 Age Groups for Both

Genders

Number of Eyes

Age Groups (Years) Male Female

≤40 100 119

41–50 16 29

51–60 39 23

61–70 52 64

71–80 90 106

>80 36 55
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in parallel with an increase in age; however, they did not

perform a comparison between the genders.

Olsen et al25 analyzed the refractive and biometric

findings of 723 right eyes (325 males and 398 females)

and found significant differences between the mean values

of male and female eyes in terms of corneal radius and

AL; females showed flatter corneas and shorter eyes.

Using an IOLMaster, Hoffman et al26 evaluated

23,239 data sets of 15,448 patients with a median age

of 74 years. Unlike CA, ATR astigmatism increased

A B

C D

E F

Figure 2 (A–F) Distribution of corneal astigmatism in 0.5 steps in the different axial (AL) groups divided by gender. A: AL < 21 mm; B: AL = 21-21.5 mm; C: AL = 21.5-23.5

mm; D: AL = 23.5-26; E: AL = 26-27 mm; F = AL > 27 mm.
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with age. In addition, a negative correlation between

corneal radius and patient age was found. Moreover,

the male eyes were longer and had flatter corneal radii

compared with the female eyes.

Knox Cartwright et al27 analyzed a total of 32,556

eyes of 25,548 patients. The mean age of the patients

was 76.4 years. Patients were 37.8% males, 62.0%

females and 0.2% unclassified. The vast majority of

A

B

Figure 3 Correlation between axial length and corneal astigmatism in females (A) and males (B).
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patients (97.3%) who were subjected to keratometry

measurements with IOLMaster also underwent measure-

ment of the AL using the same device. The authors

found that males had longer AL and flatter Km, and

suggested that this finding could reflect the difference in

stature between the genders.

A

B

Figure 4 Correlation between age and mean keratometry in females (A) and males (B).
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The study conducted by Chen et al28 evaluated 4831

eyes of 2849 patients using the IOLMaster. Of those,

64.0% were females. The mean AL was 23.6±1.14 mm.

There was no statistically significant difference in AL

between the six age groups in which the whole population

was divided. The AL was significantly longer in males

(mean: 23.91±1.12 mm) than in females (mean: 23.37

±1.11 mm) (p<0.001). The eyes of females had

A

B

Figure 5 Correlation between age and axial length in females (A) and males (B).
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significantly steeper corneas than those of males. They

found that the CA axis was age-correlated, with an

increasing percentage of ATR observed in parallel with

an increase in age; however, they did not perform

a comparison between the genders.

Kim et al29 studied 415 Korean patients with cataract

(217 males and 198 females; mean age: 63.03±15.91 and

65.52±15.58 years, respectively; age range: 20–89 years)

using a Pentacam HR rotating Scheimpflug camera. They

found that the ATR shift was faster for total CA than for

anterior CA and it occurred earlier in males than in

females.

In the study conducted by Goto et al,30 100 patients

(mean age: 57.35±17.38 years; range: 23–83 years) were

evaluated with videokeratography and divided in groups

according to gender and age. They showed the different

influences of aging on the patterns of astigmatism in males

and females, supposing a role of the sex hormones in these

gender and age differences.

The results of our study confirm the previous findings

that males may have flatter Km and longer AL than

females in a statistically significant manner. Moreover,

they highlighted the trend toward an increase of ATR

astigmatism in parallel with increasing age. Additionally,

we found that ATR increased more with age in males than

in females. In our opinion, as supposed by previous

studies,30 these gender-related differences may be attribu-

ted to differences in sex hormones. Moreover, aging may

exert different effects on the two genders, causing the

differences found in our and previous studies.28–30

However, further studies are warranted to better under-

stand the underlying cause of these differences.

Cataract surgeons should take into account these

results, to over-correct the ATR and under-correct the

WTR astigmatism, especially in male patients undergoing

implantation of a toric IOL. Consistent with the results of

previously published studies, we found that the AL exhi-

bits a trend toward reduction with age in both genders.

Although the present study does not provide any explana-

tion for this observation, it is hypothesized that the new

generations grow in height and in AL more than the old

ones.

Another novelty of this study is provided by the classifi-

cation of the gender populations into AL subgroups, related

to the different suggested IOL power formulae, to obtain the

best refractive outcomes after cataract surgery.8,31–35

Through analysis of these subgroups, we found that

CA exhibited a different distribution between males and

females. In females, CA was higher when the AL was

<21.5 mm, and between 23.5 and 27 mm; lower when

the AL was between 21.5 and 23.5 mm; and similar when

the AL was >27 mm.

Conclusion
Similar to other organs of the human body, the eyes exhibit

differences between females and males, in addition to age-

induced modifications. All these gender- and age-related

differences should be considered in patients requiring

ophthalmic surgery, especially in those undergoing implan-

tation of an IOL, to calculate the best and most suitable IOL

power. This approach could assist surgeons in minimizing

the postoperative dependence on the use of spectacles, and

maximizing the efficacy of the surgical procedure.
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