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ABSTRACT

Background and Objectives: The body mass index (BMI), which is used to assess obesity
and underweight, has garnered significant scientific interest due to the widespread occurrence
of overweight and its convenient measurement. Lately, research is conducted on studying the
correlation between this index and other eye characteristics. Nevertheless, despite the significant
importance of accommodation performance in terms of visual quality, a thorough investigation of
the correlation between BMI and accommodation performance has not yet been conducted. This
research aims to determine the impact of obesity and underweight on the performance of ocular
accommodation.

Methods: Descriptive-analytical research was conducted in Tehran Province, Iran, including the
evaluation of 168 people aged 18 to 30 years. The assessment included measurements of refraction,
amplitude of accommodation, facility of accommodation, and lag of accommodation. Furthermore,
height, weight, and BMI were measured.

Results: The study revealed a positive correlation between a decline in BMI and an increase in the
lag of accommodation. Nevertheless, no significant relationship was observed between the facility
of accommodation (P=0.35) and the amplitude of accommodation with BMI (P=0.43). The linear
regression analysis revealed a significant correlation between lag of accommodation and weight,
with an inverse relationship between BMI and lag of accommodation (P=0.04).

Conclusion: In contrast to several other systemic and ocular disorders that are negatively impacted
by a higher BML, this research revealed that individuals with a lower BMI have diminished adaptive
ability, particularly regarding accuracy in responding. Various potential causes have been considered.
Greater emphasis should be placed on accommodation tests, particularly for underweight people.
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f What is “already known” in this topic:

the visual system.

—» What this article adds:

The visual system is greatly affected by systemic changes in the body. In other words, most systemic changes affect

1t seems that lifestyle can play a crucial role in the function of the visual system. Therefore, functional evaluations
of the vision system in optometry clinics should be based on people s lifestyle indicators. It is recommended to
consider some vision skills in optometry studies and clinics according to the body mass index.

Introduction

he body mass index (BMI) is an anthro-
pometric parameter measurement derived
from the square root of weight and height.
It is defined into four distinct categories,
obese, overweight, normal, and underweight; it indicates
the body’s condition concerning thinness and obesity.

According to research conducted in Iran between
2015 and 2023, the prevalence rates of obesity and un-
derweight among adults aged 18 years and above were
21.7% and 17%, respectively. These results highlight the
crucial importance of both obesity and thinness [1, 2].

Due to its simplicity and accessibility, measuring BMI
has emerged as a viable approach to examining physical
body composition and evaluating overweight or under-
weight individuals [3].

Consequently, many investigations have attempted to
investigate the correlation between it and the possibility
of playing as a risk factor for the well-being of the body
and its various organs.

The concept mentioned earlier also applies to the eyes,
and recent research has studied its correlation with eye
and vision health. Research results have shown a signifi-
cant relationship between elevated BMI and increased
risk of age-related ocular conditions, including macular
degeneration and cataracts. Previous studies have shown
a significant correlation between BMI and susceptibility
to ocular disorders [4, 5]. Moreover, previous research
has shown a correlation between the cup-to-disc ratio and
BMIL. This result indicates that people with a lower body
mass index (BMI) have a higher cup-to-disc ratio and an
increased susceptibility to visual abnormalities [6, 7].

Accommodation is the ability of the eye to maintain a
clear image of the retina at different distances. It is as-
sessed through maximum power, dynamic, and response
accuracy measures. A satisfactory performance in these
components results in comfortable and clear vision. At
the same time, dysfunction in these parameters can man-
ifest as eye fatigue, lack of focus, occasional blurriness
in near vision, and headaches [8].

Moreover, due to the substantial correlation shown in
recent studies between accommodative performance and
myopia progression, increased emphasis is placed on the
need to examine accommodation function [9, 10].

Previous studies have shown limited results about the
correlation between accommodation and BMI. In one of
these investigations, reduced amplitude accommodation
was associated with increased BMI [11].

Another study investigated accommodation and con-
cluded that it affects amplitude accommodation in both
overweight and underweight individuals but does not
have a significant impact on accommodation facility and
response accuracy [12].

In the research conducted by Momeni, a reduced level
of convergence was observed when the BMI decreased
[13]. This discovery is significant due to the strong cor-
relation between convergence and accommodation.

Despite previous studies, no comprehensive research
has been conducted in this field. The primary aim of this
research is to investigate whether accommodation com-
ponents vary according to BMI. When addressing this
inquiry, a novel perspective arises concerning the inter-
action between public health and lifestyle in the context
of the ocular accommodation system. This understand-
ing can be applied to the prevention and differential di-
agnosis of visual impairments in both overweight and
underweight individuals.
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Materials and Methods

The current study is cross-sectional research conducted
at the Serita Optometry Clinic, a privately-owned center
in Tehran Province, from January 2021 to October 2022.
Atotal of 168 people aged 18 to 30 years who visited this
optometric clinic for an optometric examination were in-
cluded in the research after considering the inclusion and
exclusion criteria.

The inclusion criteria included individuals within the
age range of 18 to 30 years who demonstrated full coop-
eration during tests, best corrected visual acuity of 20.25
or higher at a distance of 6 meters and 40 centimeters, no
strabismus or a prior history of strabismus surgery, and
no record of head injury or eye trauma.

The exclusion criteria included participants who exhib-
ited intermittent or consistent strabismus with refractive
errors of hyperopia or myopia that were not greater than
six diopters showed abnormalities in the retina, vitreous,
crystalline lens, or cornea, unable to cooperate in the
testing procedures, neurological or systemic muscular
conditions, metabolic disorders, followed to a specific
dietary plan, or engaged in regularly physical activity.

Refraction and preliminary exams were performed for
both eyes. However, the accommodation evaluation was
undertaken only on the right eye.

In the initial steps, weight was measured using a digital
scale, and height was assessed using a meter.

Participants were asked about their physical activities
and sports.

The Nidek AR 600 autorefractometer was used to as-
sess the patient’s refraction. At least, three shots were
done for each patient, and the mean value of these shots
was used for further study results [14].

Subsequent subjective examinations were performed,
and the refraction was determined by identifying the
most plus amount resulting in optimal visual acuity. Fur-
thermore, the red-green test was used to balance the ac-
commodation status.

According to Dunder’s method, the push-up test was
utilized to determine the amplitude of accommodation,
which is the maximum capacity of accommodation. The
patient’s visual acuity was first assessed using a near-
chart at a distance of 40 cm. Then, the outcome of the
subjective refraction was inserted into the trial frame.

2023, Volume 6

The patient was instructed to focus on the two lines
above the visual acuity adjusted to the highest level, cor-
responding to a line indicating visual acuity of 20.30.
Moreover, one eye was partially obstructed during the
test. The chart was brought closer to the patient until vi-
sual blurring was observed. After that, the patient was
asked to blink once and reassess the degree of blurriness.
Once the blurring was resolved, the chart was moved
closer again until blurring reappeared following a blink.
A ruler measured the distance between the reported point
and the trial frame at the spectacle plane. This distance
is called the near-point accommodation. The amplitude
of accommodation is equivalent to the reciprocal of the
space above, measured in meters [8].

During the accommodation evaluation process, the pa-
tient’s subjective refraction was placed on a trial frame.
A monocular test examined accommodation differen-
tially while one eye was occluded. The patient’s near
visual acuity was assessed at a distance of 40 cm using
a near chart. The patient was instructed to focus on two
lines above the visual acuity line that typically represents
20.30, assuming optimal near vision.

To start the test, a lens with a refractive power of +2.00
diopters was placed in front of the trial frame. The pa-
tient was instructed to indicate when the induced blur
disappeared, and the visual acuity improved to the point
where the 20.30 line on the eye chart became clear.
Next, a lens with a refractive power of -2.00 diopters
was placed in front of the trial frame, and the patient was
instructed to indicate when the visual blur disappeared
and clarity was restored. This iterative procedure was
repeated for one minute to quantify the patient’s ability
to complete cycles within one minute, regarded as the
measure of accommodation facility, expressed as cycles
per minute. The evaluation began using a +2.00 lens to
establish an initial state of relaxation [8].

To assess and analyze the accuracy of accommodative
responses, the monocular estimated method test, also
known as the monocular estimation method, was used.
The retinal reflex was examined using the Heine Beta
200 retinoscope. The subjective refraction of the patient
was recorded in the trial frame. The patient’s visual acu-
ity was assessed at a closer distance using a near chart
positioned at a distance of 40 cm, corresponding to the
patient’s usual working distance.

In statistical analysis, descriptive statistics were uti-
lized to categorize the data. These included measures
of central tendency, such as the mean, and measures of
dispersion, including the standard deviation, maximum,
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and minimum. Analytical statistics were employed to
compare the data, analyze correlation coefficients, and
perform linear regression.

The SPSS software, version 26, released in 2019, was
used in this research. The researchers used linear regres-
sion analysis to investigate the relationship between the
accommodation characteristics and each participant’s
BMI, height, and weight. Furthermore, the Pearson cor-
relation analysis assessed the relationship between the
two eyes. A significance level of <0.05 indicated a statis-
tically significant relationship.

Results

In this study, 168 samples were examined, with 69 male
individuals (41.1%) and 99 female individuals (58.9%).
Table 1 presents the mean values of independent vari-
ables, such as height, weight, BMI, and age. The results
showed a statistically significant correlation between the
refractions of the left and right eyes (r=0.94, P<0.0001).

Table 2 presents the correlation between height, weight,
BMI, and accommodation. The lag of accommodation
has a significant correlation with height, weight, and
BMLI, but facility and amplitude show no significant cor-
relation.

The study found a significant correlation between lag
of accommodation and BMI through linear regression
analysis. The results suggested an inverse relationship
between BMI and lag of accommodation (R>=0.024,

Table 1. Descriptive statistics for independent variables
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P=0.044). Figure 1 shows this relationship, which shows
the distribution and regression line. Formula 1 is as fol-
lows:

1. Lag=1.165-0.022xBMI

The study found a significant relationship between the
lag of accommodation and weight, as shown in Figure
2. The linear regression analysis revealed (R?>=0.038,
P=0.012). Formula 2 is as follows:

2. Lag=1.16-(0.008)xweight

A similar analysis for the lag of accommodation and
height showed a significant correlation (P=0.063), as
shown in Figure 3.

Discussion

In response to whether BMI is associated with accom-
modation, the answer is yes. The results indicated a rela-
tionship between BMI and accommodation.

However, contrary to most cases where obesity is re-
lated to a decline in performance, in the current instance,
the decline in accommodation is more closely associated
with thinness rather than obesity.

According to the results shown in Table 2, a statisti-
cally significant correlation was identified between the
lag of accommodation and the reduction in body weight.
Nevertheless, a statistically significant correlation was

Variables Mean1SD

Age (y) 24.59+3.91
Height (cm) 170.66+9.149
Weight (kg) 69.38+14.90

Body mass index (kg/m?) 23.71+4.07

Table 2. Significant level values (P) from regression analysis between height, weight, body mass index, and accommodation parameters

P
Variables
Height Weight Body Mass Index
Amplitude 0.47 0.29 0.43
Facility 0.82 0.34 0.35
Lag 0.06 0.01 0.04
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Figure 1. Regression distribution of accommodation lag and BMI

not observed between BMI and either the amplitude of
accommodation or facility of accommodation.

The study conducted by Momeni revealed a significant
inverse relationship between thinness and convergence
ability, suggesting a decline in convergence performance
among the underweight group.
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Iyamu et al. found a negative correlation between
BMI and amplitude of accommodation [11]. Contrary to
Iyamu’s study, our results did not reveal a statistically
significant relationship between amplitude and BMI
(P=0.43). The dissimilarity between these two studies
may be attributed to the difference in the ethnic compo-
sition of the samples under examination. The research
accomplished by Iyamu studied a population of black
African individuals living in Nigeria, while our study ex-
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Figure 2. Regression analysis of the relationship between accommodation lag and weight
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Figure 3. Regression analysis of accommodation lag and height distribution

amined a group of white Iranian participants. Moreover,
both studies used linear regression and Dunder’s push-
up method as measurement techniques for amplitude.
However, it is essential to acknowledge that including
participants over a broad age range in Iyamu’s research
(ranging from 17 to 70 years) posed a potential bias in
accommodation performance, particularly in the older
age groups. In addition, BMI and body fat percentage
tend to increase with age. This can be mainly attributed
to less physical activity and changes in metabolism rate
[15]. Furthermore, our research included 83 participants
aged 17 to 30 years, constituting about 50% of our sam-
ple size. Several variables, including visual demands and
lifestyle, occupations, mood and habits, age, heteropho-
ria, measurement errors, refraction, autonomic system,
and nutrition, can contribute to variations in results, thus
affecting accommodative response [16-19].

Elangovan et al. in their study observed decreased
accommodating amplitude in people who were either
obese or underweight [12]. Additionally, they found no
significant correlation between facility and lag of accom-
modation and BML. In contrast to the results of our study,
this did not demonstrate

According to a substantial relationship in evaluating
amplitude and facility of accommodation, we did notice
an inverse impact between lag and BMI.

The comparability of the results of these two studies
may be compromised due to variations in race, genet-
ics, and age range, as well as differences in research and
statistical analysis methods. Analysis using linear regres-
sion may reveal a potential statistical relationship. How-
ever, the analysis of variance (ANOVA) test assessing
BMI categories may not provide statistically significant
differences with similar sample data.

Accommodation lag increased with decreasing BMI. It
increased with decreasing weight and also with decreas-
ing height. However, the correlation was not statistically
significant between height and lag of accommodation; it
is worth noting that the significant level of 0.06 is near
the limit of statistical significance and should be consid-
ered.

While comparing the provided results and observing
Figures 1 and 2, it becomes apparent that weight loss
reveals a more noticeable and statistically significant
correlation with the lag of accommodation. However,
it is essential to acknowledge that the impact of height
should be noticed; a clear and consistent correlation is
observed between reduced weight and various nutrition-
al disorders.

Three explanations exist for observing such a correla-
tion, the consequences of malnutrition, fixation distance,
and the influence of lag on lifestyle.
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The research accomplished by Lopes revealed a sig-
nificant reduction in strength and muscular flexibility
among persons afflicted with malnutrition and undergo-
ing weight loss [20]. Further work is required to exam-
ine the effects of malnutrition on smooth muscles, with
particular emphasis on the ciliary muscle.

Furthermore, Hosseini Yazdi revealed that fasting may
result in a decrease in accommodation performance, per-
haps due to insufficient nutritional intake [21].

Additionally, when height declines, a proportionate
reduction is observed in arm’s length, resulting in a
corresponding decrease in working distance. Previous
research has shown a positive correlation between de-
creasing fixation distance and increasing accommoda-
tive inaccuracy [22]. Consequently, people with a lower
height tend to have a reduced working distance and an
increased accommodative lag. Individuals with shorter
heights may have a reduced working distance, which
may experience a larger accommodative lag. This oc-
currence may also be attributed to the second plausible
reason for supporting this outcome.

Moreover, considering the relationship between BMI
and sedentary behavior [23], it is plausible that people
with a more considerable accommodative lag may en-
gage in less near work, resulting in less sedentary be-
havior.

However, a statistically significant correlation was
observed based on Figure 3 or formula 2 findings; the
coefficient of determination (R?) was just 0.024. This re-
search proposes that although a statistically significant
relationship is observed, other variables influence ac-
commodative lag, preventing BMI from being regarded
as the only determinant. Due to the widespread availabil-
ity of BMI calculations and the increasing prevalence of
myopia, together with the importance of visual demand
in near tasks, BMI may be a good indicator of visual de-
mand and lifestyle.

Based on Momeni’s study, it a correlation was observed
between a drop in vergence and a decrease in BMI [13].
One of the clinical signs associated with weak and insuf-
ficient convergence is a significant accommodation lag.
Therefore, our research results may align with Momeni’s
research, considering the aforementioned factors. The rela-
tionship between accommodation and convergence should
be analyzed, focusing on their simultaneous performance
about the research on BMI. Table 2 presents no notable
correlation between ease of compatibility and BML

2023, Volume 6

No significant correlation is observed between facility
and BMI (P=0.35). Elangovan’s research also concluded
with the same result. Although our research methods and
Elangovan’s vary, the consistency of the outcomes sug-
gests that additional factors affecting matching dynamics
may be responsible for the lack of a substantial correla-
tion [24-26]. Additional factors that may contribute to
this lack of correlation include heterophoria, refraction,
the individual’s visual needs, and their emotional state
[16,27-29].

Conclusion

This research was conducted to investigate the correla-
tion between BMI and the adaptive function of the eyes.
The survey’s significance has doubled due to the rise in
the prevalence of obesity and thinness and the increas-
ing demand for near tasks. No apparent correlation was
observed between facility and amplitude. However, thin
individuals exhibited lower levels of accommodation
lag. It may be more advantageous to include the accom-
modation examination, especially response accuracy, in
the regular check-ups of thin individuals.

Although we could partially control the intervening
variables in this study, such as food and exercise, and we
evaluated more samples than in previous studies, there
were still some limitations. Occupation and education
were not controlled as confounding factors. The number
of obese and thin people is rather small, and we did not
have control over the impact of the autonomous system,
which is recommended for consideration in future studies.
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