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Background

Accommodation of the eye defined as changes in the dioptric power of the eye to focus 
sharply on objects at a range of distances. The maximum potential increase in optical power 
of eye is known as the amplitude of accommodation [1]. Presbyopia is a progressive loss of 
the accommodative ability of the eye that occurs with aging [2]. It is one of the most visual 
impairment of later life in the world and there was approximately 1.8 billion people globally 
with presbyopia in 2015 [3]. It starts around age 40 and causes difficulties in reading and 
near work [4]. Uncorrected presbyopia has negative impacts on near vision‐related quality 
of life [5]. The most significant risk factor for presbyopia is age. Other factors are female 
sex, certain medical conditions (cardiovascular disease, anemia, diabetes, autoimmune 
disease, and eye trauma) and some drugs (antihistamines and antidepressants) [6]. People 
who have hypermetropia typically tend to experience the onset of presbyopia earlier than 
their emmetropic persons [7,8]. Also, there are large inter‐individual differences in the 
accommodation ability for subjects of the same age [9]. We designed this study to assess 
aging changes of optical components including keratometric power, axial length, and anterior 
chamber depth (ACD) and possible effects of them on amplitude of accommodation.
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Abstract
Purpose:To assess age‐related ocular biometric findings and relation with amplitude of accommodation 
in normal subjects.

Methods: This study was conducted on 295 normal subjects. In all participants slit lamp biomicroscopy, 
funduscopy, and measurement of visual acuity and refraction, and biometry were performed. Amplitude 
of accommodation was measured by the push up test. In this study, right eyes of subjects were selected 
to statistical analysis. 

Results:The mean spherical equivalent was 0.13±0.27D and the mean keratometric power was 
44.03±1.51D. There was a significant relationship between age and the mean keratometric power 
(r=0.164, P=0.006). The mean axial length of eyes was 22.91±0.76mm and was correlated with both the 
keratometric power (r=‐0.727, P<0.001) and the axial length (r=‐0.165,P=0.019). The mean amplitude 
of accommodation was 4.75±1.96D. Our results showed a significant relationship between age and 
amplitude of accommodation (r=‐0.734, P<0.001). The mean anterior chamber depth was 3.19±0.33mm. 
The anterior chamber depth was also found to correlate with both age (r=‐0.368, P<0.001) and amplitude 
of accommodation (r=0.399, P<0.001).

Conclusion:Aging effects on ocular parameters (keratometric power, axial length, and anterior chamber 
depth). Subjects with deep anterior chamber depth have slightly higher amplitude of accommodation.
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Materials and Methods

Ethics statement
Our study was conducted by Student Research Committee, 

Shahid Beheshti University of Medical Sciences after approval 
by the Human Ethics Committee (number IR.SBMU.RETECH.
REC.1398.676). Under the principles of Helsinki declaration and 
detailed explanation of the research, the consent form was received 
from all participants.

Patient selection
In present study, 295 persons aged between 33‐52 years old 

from those coming to the eye clinic in Abhar, Iran were participated. 
They were healthy and without systemic and ophthalmic diseases. 
Exclusion criteria consisted of ocular diseases such as refractive 
errors, amblyopia, accommodative insufficiency, accommodative 
spasm, strabismus, pterygium, cataract, ptosis, glaucoma, and 
retinal and optic nerve disorders, and history of trauma to ocular 
surfaces and ocular surgery and systemic drug using. 

Subjects examinations
In all participants slit lamp biomicroscopy, funduscopy, and 

measurement of visual acuity with ETDRS chart and axial length of the 
globe (ultrasound biomicroscopy with Alcon Ocuscan) performed. 
Objective refraction was performed by autorefractometer (Topcon 
Medical Systems, KR800) and refined by retinoscopy (Beta 200 
Heine, Germany). Subjective refraction was performed by an 
experienced optometrist. Spherical equivalent (the numerical sum 
of the sphere power with half of the cylinder power) was considered 
as refractive errors of subjects. According to spherical equivalent 
(SE), all subjects were emmetropic refraction (SE between −0.50 to 
+0.5D). We measured amplitude of accommodation with the push 
up method. Push up method is the most common and simple test 
for routine measurement of amplitude of accommodation. Under 
standard illumination, each test was performed monocularly with 
optically corrected for distance vision. We explained the procedure 
to our subjects and asked them to view a 20/20 row of letters on 
a handheld reduced Snellen chart approaching the eye and states 
when there is ‘the first blur’. For each eye, it was assessed 2‐3 times 
and average of findings was recorded as the final measurement. 
The measurement is converted to its reciprocal to provide the 

amplitude of accommodation in diopters [10].

Statistical analysis
In this study, right eyes of subjects were selected to statistical 

analysis. Our data was analyzed by SPSS software version 18 using 
one‐way ANOVA, Kruskal‐Wallis, and spearman’s correlation.

Results
This study performed on 295 persons (188 males and 107 

females) with the mean age of 42.68±4.75 years with a range of 
33 to 52 years. Best corrected visual acuity was 20/20 or better in 
all participants and there were no amblyopic patients. The mean 
spherical equivalent was 0.13±0.27D (from −0.50D to +0.50D) 
and did not correlate with age (r=0.095, P=0.104). The mean 
keratometric power was 44.03±1.51D (range of 40.0 to 48.0D). 
The mean keratometric power was 43.79±1.46D in men and it was 
44.45±1.52D in women, and this difference was significant (P<0.001). 
There was a significant relationship between age and the mean 
keratometric power (r=0.164, P=0.006). The mean keratometric 
power showed an increase trend with aging. The mean axial length 
of eyes was 22.91±0.76mm (range of 21.10‐24.91mm). The mean 
axial length was 23.06±0.74D in men and it was 22.70±0.74D in 
women, and this difference was a significant (P<0.001). The mean 
axial length was correlated with keratometric power (r=‐0.727, 
P<0.001). Also, the mean axial length of eyes decreased with aging 
and there was a significant relationship between age and axial 
length (r=‐0.165, P=0.019). The mean amplitude of accommodation 
was 4.75±1.96 D (range of 1.50‐11.00D). The mean amplitude of 
accommodation was 5.05±2.05 D in men and 4.21±1.68 D in 
women, and it differed between them significantly (P=0.001). The 
amplitude of accommodation decreased with aging. Our findings 
showed a significant relationship between age and amplitude of 
accommodation (r=‐0.734, P<0.001). Amplitude of accommodation 
had no correlation with both the keratometric power (r=‐0.052, 
P=0.378) and the axial length (r=‐0.073, P=0.309). Amplitude of 
accommodation showed a significant correlation with spherical 
equivalent (r=‐0.111, P=0.049). According to age of subjects, we 
divided our subjects in five age groups: 32‐36 years, 36‐40 years, 
40‐44 years, 44‐48 years, and 48‐52 years. The mean amplitude 
of accommodation, keratometric power, axial length, and anterior 
chamber depth are presented in the (Table1).

Table 1: Optical parameters (mean±SD) of subjects in different age groups.

Age (years) 32-36 36-40 40-44 44-48 48-52 P Value

Amplitude of accommodation (D) 7.24±1.36 6.12±1.73 4.85±1.33 3.60±0.90 2.85±0.88 <0.001

Keratometric power (D) 43.53±1.67 43.38±1.54 44.40±1.53 44.25±1.42 44.20±1.04 0.006

Axial length (mm) 23.46±0.82 23.21±0.61 22.61±0.71 22.85±0.78 22.88±0.57 0.019

AC depth (mm) 3.42±0.22 3.41±0.30 3.16±0.27 3.08±0.35 3.07±0.33 <0.001
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The mean anterior chamber depth was 3.19±0.33mm (range of 
2.34‐4.10mm). The mean anterior chamber depth was 3.25±0.32D 
in men and it was 3.10±0.34D in women, and there was a significant 
difference between them (P=0.002). The anterior chamber depth 
was also found to correlate inversely with patient age (r=‐0.368, 
P<0.001). Moreover, there was a significant relationship between 

anterior chamber depth and amplitude of accommodation (r=0.399, 
P<0.001). When we divided each group into 5 groups according to 
anterior chamber depth 2.20‐2.60, 2.60‐3.00, 3.00‐3.40, 3.40‐3.80, 
and 3.80‐4.20mm), the amplitude of accommodation was found to 
be directly related to subjects anterior chamber depth (Figures 1& 
2).

Figure 1: Correlation plot of the amplitude of accommodation and different factors including: A: age, B: AC 
depth, C: axial length, and D: refraction.

Figure 2: Amplitude of accommodation (mean±SD) in different anterior chamber depth groups.

Discussion
Presbyopia affects everyone, but sometimes it involves people 

younger than age 40 and conversely there are some older than 
age 45 without difficulty to focus on close objects [1‐4]. In present 
study, we assessed aging changes of biometric parameters and 
effects of them on amplitude of accommodation in emmetropic 

subjects. Our results showed several changes in optical components 
of eyes with aging. While the corneal curvature was on the process 
of steepening but both of axial length and anterior chamber depth 
decreased with aging. These changes of refractive components 
prevent change of total refraction and develop a stable processes in 
emmetropia. Also, in subjects with elongated eye, cornea was flatter 
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and in those with shorter eye, cornea was steeper. In agreement 
with our findings, several population‐based studies showed similar 
results (increased keratometric power, and decreased axial length 
and anterior chamber depth, with aging) [11‐15]. In our study, 
amplitude of accommodation showed significant correlation with 
age and anterior chamber depth. However, other ocular parameters 
including keratometric power and axial length had no correlation 
with amplitude of accommodation. Age‐related changes in the 
lens and ciliary muscle dysfunction leads to decreased amplitude 
of accommodation [16]. Interestingly, anterior chamber depth 
had direct correlation with amplitude of accommodation. People 
with shallow anterior chamber depth showed lower amplitude of 
accommodation when compared with age‐matched controls. In 
each age group, subjects with deep anterior chamber depth had 
more amplitude of accommodation. Amplitude of accommodation 
affected anterior chamber depth and should be considered when 
prescribing near glasses. Previous studies have shown myopic 
patients have deeper anterior chamber and presbyopic symptoms 
in myopia develop much later than emmetropia and hypermetropia 
[17‐19]. 

The accommodative function result from a larger forward 
movement of the anterior lens surface and a small posterior 
movement of the posterior lens surface [20]. During accommodation, 
the lens becomes thicker and the anterior chamber do shallower 
along the polar axis [21]. In our idea, in eyes with deep anterior 
chamber, there are more distance between the cornea and crystalline 
lens. So crystalline lens has more space to forward movement of 
the lens and increased ability of accommodation. However, other 
studies showed no significant correlation between amplitude of 
accommodation and anterior chamber depth, axial length, and lens 
thickness [22,23]. Also, amplitude of accommodation of women 
was slightly lower than men. It might be correlated to anatomical 
differences between them (steeper keratometric power, shorter 
axial length, and shallower anterior chamber depth in women). 
In several population‐based studies, similar results have reported 
[7,19,24,25]. We suggest further studies with more patients, 
especially assessment of other parameters like thickness and 
autofluorescence of the crystalline lens thickness and effects on 
accommodation.

Conclusion
Our study demonstrated age related changes in biometric 

parameters in normal eyes. With aging, axial length and anterior 
chamber depth decreased and the corneal curvature became 
steeper. In Our subjects, there were statistically significant 
correlation between amplitude of accommodation with age and 
anterior chamber depth. Subjects with deep anterior chamber 
depth have slightly higher amplitude of accommodation.
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