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ABSTRACT
Background: Abnormal body mass Index (BMI) can adversely affect binocular vision. We aimed to assess 
the presence of possible differences in binocular vision parameters among the four BMI categories.
Methods: In this comparative cross-sectional study, we enrolled young adults and categorized them into 
underweight, normal weight, overweight, and obese groups based on their BMI. A complete orthoptic 
evaluation was performed to assess the mean values of binocular vision skills. 
Results: We recruited 120 participants with a mean (standard deviation) age of 21.30 (1.80) years with 
best-corrected distance and near visual acuities of 6/6 and N6, respectively. The frequency of exophoria 
> 4 prism diopters was high in the obese group.  The frequency of binocular vision dysfunction was higher 
in the obese and underweight groups, with vergence dysfunction being the most common. The mean values 
for near negative fusional vergence (NFV), distance positive fusional vergence (PFV), negative relative 
accommodation, positive relative accommodation, monocular accommodation facility (AF), and monocular 
estimation method were comparable among the groups (all P > 0.05). The obese group had significantly 
receded near point of convergence, and reduced accommodative convergence to accommodation ratio and 
binocular AF than the normal, overweight, and underweight groups (all P < 0.05). The distance and near 
vergence facilities were significantly lower in the obese group than in the overweight and normal groups, 
and the distance vergence facility was significantly lower than in the underweight group (all P < 0.05). The 
mean values of distance NFV and near PFV in the obese group were significantly lower compared to the 
normal and overweight groups, and the mean values of distance NFV were significantly lower compared 
to the underweight group (all P < 0.05). The mean values of near PFV were significantly lower in the 
underweight group than in the overweight group (both P < 0.05). Both the underweight and obese groups 
had a significantly lower amplitude of accommodation compared to the normal group (both P < 0.05). 
Conclusions: The frequency of binocular vision dysfunction was higher in the obese and underweight 
groups. Most convergence and some accommodation parameters were adversely affected in individuals with 
obesity. Being underweight adversely affects certain binocular vision skills. Further studies are required to 
determine the relevance of BMI as a predictor of binocular vision abnormalities.
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INTRODUCTION
The body mass index (BMI) is an anthropometric index used for obesity screening in adults [1] and calculated by 
dividing weight in kilograms (kg) by height in meters squared (kg/m2) [2, 3]. It represents an index of individual 
fatness and can indicate several health issues [4]. It is categorized into underweight (< 18.5 kg/m2), normal 
weight (18.5 – 24.9 kg/m2), overweight (25.0 – 29.9 kg/m2), and obese (30.0 – 34.9 kg/m2) [5-7]. It has been 
linked to glaucoma, age-related cataracts, age-related maculopathy, and diabetic retinopathy [8]. It has a strong 
positive correlation with the anterior chamber depth and intraocular pressure. Overweight individuals have 
significantly higher intraocular pressure compared with normal-weight individuals [9]. A high BMI can increase 
the risk of age-related cataracts, particularly posterior subcapsular cataracts [10]. 

Binocular single vision is defined as simultaneous vision achieved through the coordinated use of both eyes 
[11, 12]. Binocular vision anomalies may be strabismic [13] and non-strabismic [14]. Strabismic binocular vision 
anomalies are associated with both congenital and acquired strabismus [13]. Non-strabismic binocular vision 
anomalies are more prevalent among young adults who perform extensive near work. This results in difficulty 
performing reading or other near tasks associated with binocular vision anomalies, such as accommodation and 
vergence dysfunction [14]. Binocular vision anomalies present with symptoms such as headache, asthenopia, 
eyestrain, occasional diplopia, intermittent blurred vision, and difficulty concentrating during reading [14].

The relationship between BMI and binocular vision skills has been investigated [15, 16]. Low BMI can 
adversely affect binocular vision. The near point of convergence (NPC) and vergence facility (VF) are affected 
by BMI, particularly among underweight and obese individuals, compared to their normal and overweight 
counterparts [15, 16].

We aimed to analyze the BMI and binocular vision status in young adults and investigate possible differences 
in binocular vision parameters among the four BMI categories.

METHODS
This comparative cross-sectional study was conducted following ethical approval from the Institutional Ethical 
Committee of the Faculty of Medicine (registration number CSP/19/JUN/78/220 on 17/07/2019) at the Sri 
Ramachandra Institute of Higher Education and Research, Porur, Chennai, Tamil Nadu, India. Study participants 
were recruited from volunteers attending the ophthalmic clinic and the Sri Ramachandra Institute of Higher 
Education and Research University after providing written informed consent for participation.

We included young adults with an age of 19 – 25 years and a best-corrected visual acuity of 6/9 or better in 
each eye at 6 meters (m) and 40 cm without manifested deviation for distance and near. Patients with strabismus, 
neurological deficits, nystagmus, amblyopia, ocular trauma, ocular pathology, previous ocular surgery, pregnancy, 
lactation, or a history of hospitalization within 3 months for any systemic illness were excluded.

The height (m) and weight (kg) of all participants were measured with a tape measure and weighing scale, 
respectively, and BMI was determined using the standard formula: weight in kg divided by height in meters 
squared (kg/m2) [2, 3]. Based on the BMI, the participants were categorized into four groups; underweight, 
normal, overweight, and obese [5-7]. 

All participants underwent complete ophthalmological examination, including measurement of best-
corrected distance visual acuity using a Snellen chart (care vision CV-060 Vision Test Chart, Karnataka, India); 
measurement of near visual acuity using the Jaeger near-vision card; intraocular pressure measurement using 
the non-contact tonometer (Shin-Nippon NCT 200, Rexxam Co. Ltd., Osaka, Japan); detailed anterior and 
undilated posterior segment examinations using slit-lamp microscopy (Appasamy Slit-lamp LED 3 step w/o 
stand AIA-12, India); and objective dry refraction using a streak retinoscope (Keeler; Halma UK, Windsor, UK).

A complete orthoptic evaluation was performed to assess the binocular vision skills. For sensory evaluation, 
stereopsis was measured using the Titmus fly test (Stereo Optical Co., Chicago, IL, USA) [17]. The worth four 
dot test was performed to check fusion and suppression of the eyes [18, 19]. A motor evaluation was performed 
as described below.

Initially, ocular alignment was assessed by evaluating the movement of the extraocular muscles [20]. Static 
alignment was evaluated using the cover/uncover test, and the amount of phoria was measured using a prism bar 
[21]. Near (40 cm) and distance (6 m) phoria were assessed using the flashed Maddox rod technique, and the 
accommodative convergence-to-accommodation ratio (AC/A) was calculated [22]. The NPC was determined 
using red and green filters or pen tip, and the value was recorded as the break and recovery point [23, 24]. VF was 
assessed using a VF flipper prism with 12 prism base-out and three prism base-in [15]. A vertical column of small 
“E” letters of approximately 6/9 size was used as an accommodative target at 40 cm [25].



Binocular vision parameters and body mass index

Med Hypothesis Discov Innov Optom. 2023; 4(1) 19

Positive fusional vergence (PFV) and negative fusional vergence (NFV) were determined using a prism bar 
both near (40 cm) and distant (3 m) [26]. A vertical column was used as the target. For NFV and PFV, base-in 
and base-out prisms were placed before the eye, respectively. The blur, break, and recovery points were also noted 
[27]. The accommodation facility (AF) [28] was determined using the AF flippers of a +2.00 dioptric sphere 
(DS) and - 2.00 DS lens. Both monocular and binocular AFs were assessed at 40 cm.

The amplitude of accommodation (AoA) was determined by negative relative accommodation (NRA). NRA 
and positive relative accommodation (PRA) were measured at 40-cm intervals. For NRA and PRA, plus and 
minus lenses were used for assessment, respectively. The lead and lag of the accommodation were determined 
using the monocular estimation method [29]. The obtained values were compared with those of healthy 
individuals [30].

Data on binocular vision skills were collected for all BMI categories. Statistical analyses were performed 
using IBM SPSS Statistics software for Windows (version 23.0; IBM Corp., Armonk, NY, USA). The normality 
of data distribution was assessed. Quantitative and qualitative data are expressed as mean (standard deviation 
[SD]) and frequency (percentage), respectively. We compared quantitative data with parametric distribution 
among the four BMI categories using the one-way analysis of variance (ANOVA) and used Tukey’s test as a 
post-hoc analysis for pairwise comparisons between groups when ANOVA revealed a significant difference (P 
< 0.05).

RESULTS
We recruited 120 participants, with a mean (SD) age of 21.30 (1.80) years and a male-to-female ratio of 22 
(18.3%) / 98 (81.7%). The best-corrected distance and near visual acuities were 6/6 and N6, respectively. The 
participants were categorized into four groups based on the BMI, each with 30 participants. The mean (SD) 
BMI values were 21.25 (1.19), 16.8 (0.81), 27.08 (0.98), and 32.87 (3.40) kg/m2 in normal, underweight, 
overweight, and obesity groups, respectively.

The mean (SD) near exophoria was higher in the obese and underweight groups (1.96 [2.05] prism diopters 
[PD] and 0.93 [1.59] PD, respectively) than in the normal weight and overweight groups (0.50 [1.35] and 0.36 
[0.99] PD, respectively; P < 0.001). The frequency of exophoria > 4 PD was high in the obese group. 

 Table 1 shows the frequencies of normal and abnormal binocular vision in each BMI category. Overall, the 
frequency of vergence dysfunction (n = 23; 19.2%) was higher than that of accommodation dysfunction (n = 8; 
6.7%). The frequency of binocular vision dysfunction was higher in the obese (n = 12, 40.0%) and underweight 
(n = 8, 26.7%) groups (Table 1).

Table 2 shows the mean (SD) values for various vergence parameters among the four BMI categories. The 
mean break and recovery values for near NFV and distance PFV were comparable among the groups (all P > 
0.05) (Table 2). The mean NPC break and recovery values differed significantly among the study groups (P < 
0.001). The mean (SD) NPC break and recovery values were receded in the obese (13.15 [3.90] and 15.45 
[4.42] cm, respectively) and underweight (9.66 [3.80] and 11.83 [4.13] cm, respectively) groups (Table 2). 
Pairwise comparisons revealed that mean NPC break and recovery receded more significantly in the obese group 
than in the normal weight, overweight, and underweight groups (all P < 0.05; Table 4).  

 The mean distance and near VFs differed significantly among the study groups (both P < 0.001). The mean 
(SD) VFs in the distance and near assessments were lower in the obese group (9.28 [2.84] and 12.63 [2.73] cycle 
per minute [cpm], respectively) than in the other groups (Table 2). Pairwise comparisons revealed that mean 
distance and near VFs were significantly lower in the obese group than in the normal and overweight groups 
(all P < 0.05) and that mean distance VF was significantly lower in the obese group than in the underweight 
group (P < 0.05; Table 4).  

The mean break and recovery values of the distant NFV (both P < 0.05) and near PFV (both P < 0.001) 
differed significantly among the study groups (Table 2). Pairwise comparisons revealed that the mean break and 
recovery values of distance NFV and near PFV were significantly lower in the obese group than in the normal 
and overweight groups and that the mean break and recovery values of distance NFV were significantly lower in 
the obese group than in the underweight group (all P < 0.05). Similarly, the mean break and recovery values of 
the near PFV were significantly lower in the underweight group than in the overweight group (both P < 0.05; 
Table 4).

The mean AC/A ratio differed significantly among the groups (P < 0.001; Table 2). Pairwise comparisons 
revealed that the mean AC/A ratio was significantly lower in the obese group than in the normal-weight, 
overweight, and underweight groups (all P < 0.05; Table 4).
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Table 3 shows the mean values for the various accommodation parameters of the four BMI categories. The 
NRA, PRA, monocular AF, and monocular estimation method were normal in all groups, with no significant 
differences among the four BMI categories (all P > 0.05; Table 3). 

Binocular AF was low in those with convergence insufficiency in all groups. As the frequency of participants 
with convergence insufficiency was high in the obese group (Table 1), the mean (SD) binocular AF in the obese 
group was low (7.80 [2.53] cpm; Table 3). This differed significantly among the groups (P < 0.001; Table 3). 
Pairwise comparisons revealed that mean binocular AF was significantly lower in the obese group than in the 
normal-weight, overweight, and underweight (all P < 0.05) groups (Table 4). Similarly, the mean AoA differed 
significantly among the groups (P < 0.05). Pairwise comparisons revealed a significantly lower mean AoA in 
both underweight and obese groups than in the normal group (both P < 0.05; Table 4).  

The obese group had receded mean NPC, and lower mean VF, distance NFV, near PFV, AC/A ratio, binocular 
AF, and AoA compared to the other groups. The underweight group had lower AoA and near PFV compared to 
the normal-weight and overweight groups, respectively (Table 4).  

Table 1. Frequency of binocular vision anomalies in each BMI group

BMI groups Normal BV, n (%) Abnormal BV, n (%) Type of BV abnormality, n (%) 

Underweight (n = 30) 22 (73.3) 8 (26.7) CI 6 (20.0)

AIF 2 (6.7)

Normal (n = 30) 25 (83.3) 5 (16.7) CI 3 (10.0)

AIF 1 (3.3)

Accommodative insufficiency 1 (3.3)

Overweight (n = 30) 24 (80.0) 6 (20.0) Receded NPC and VF 4 (13.3)

AIF 2 (6.7)

Obese (n = 30) 18 (60.0) 12 (40.0) CI 10 (33.3)

AIF 2 (6.7)
Abbreviations: BMI, body mass index; BV, binocular vision; n, number; %, percentage; CI, convergence insufficiency; AIF, 
accommodative infacility; NPC, near point of convergence; VF, vergence facility; kg/m2, kilogram per square meter. Note: 
Underweight, with BMI < 18.5 kg/m2; Normal, with BMI 18.5 – 24.9 kg/m2; Overweight, with BMI 25.0 – 29.9 kg/m2; Obese, with 
BMI 30.0 – 34.9 kg/m2.

Table 2. Values for various vergence parameters among four BMI groups

Parameters Underweight Normal Overweight Obese P-value

NPC (cm), Mean ± SD Break 9.66 ± 3.80 7.93 ± 2.54 8.06 ± 3.21 13.15 ± 3.90 < 0.001

Recovery 11.83 ± 4.13 9.60 ± 3.04 9.76 ± 3.32 15.45 ± 4.42 < 0.001

VF (cpm), Mean ± SD Distance 12.10 ± 3.37 13.88 ± 2.91 13.76 ± 2.90 9.28 ± 2.84 < 0.001

Near 14.60 ± 2.76 15.26 ± 0.21 16.23 ± 2.86 12.63 ± 2.73 0.001

Distance NFV (PD), Mean ± SD Break 8.40 ± 1.93 8.53 ± 2.02 8.26 ± 1.72 6.80 ± 1.93 0.002

Recovery 6.13 ± 1.81 6.33 ± 1.97 6.06 ± 1.61 4.80 ± 1.93 0.006

Near NFV (PD), Mean ± SD Break 14.93 ± 2.33 14.26 ± 2.27 14.93 ± 2.66 14.13 ± 1.96 0.389

Recovery 12.00 ± 2.22 11.93 ± 1.99 12.46 ± 2.38 11.60 ± 1.61 0.451

Distance PFV (PD), Mean ± SD Break 13.46 ± 2.62 13.26 ± 3.76 15.13 ± 3.09 14.13 ± 2.09 0.069

Recovery 11.46 ± 2.62 11.20 ± 3.09 13.00 ± 3.00 12.06 ± 2.06 0.085

Near PFV (PD), Mean ± SD Break 15.08 ± 3.53 17.90 ± 4.18 18.53 ± 3.61 14.33 ± 2.92 < 0.001

Recovery 13.73 ± 3.51 15.53 ± 3.73 16.00 ± 3.01 12.13 ± 2.82 < 0.001

AC/A ratio, Mean ± SD 5.57 ± 0.76 5.88 ± 0.52 5.99 ± 0.37 4.98 ± 0.93 < 0.001

Abbreviations: BMI, body mass index; NPC, near point of convergence; cm, centimeter; SD, standard deviation; VF, vergence 
facility; cpm, cycle per minute; NFV, negative fusional vergence; PD, prism diopters; PFV, positive fusional vergence; AC/A ratio, 
accommodative convergence to accommodation ratio. Note: P-values < 0.05 are shown in bold; Underweight, with BMI < 18.5 kg/
m2; Normal, with BMI 18.5 – 24.9 kg/m2; Overweight, with BMI 25.0 – 29.9 kg/m2; Obese, with BMI 30.0 – 34.9 kg/m2.
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DISCUSSION
Both extremes of BMI adversely affected binocular vision skills, as evidenced by the significantly receded NPC, 
and reduced AC/A ratio, binocular AF, distance and near VFs, distance NFV, and near PFV in the obese group 
and a significantly low AoA in both underweight and obese groups. The prevalence of exophoria > 4 PD was high 
in the obese group. The frequency of binocular vision dysfunction was high in both obesity and underweight 
groups.  The underweight group exhibited reduced near PFV.

Similar to Momeni-Moghaddam et al.’s study [15], we found that individuals in the normal or overweight 
BMI categories performed better in terms of binocular vision skills. They found significant differences in NPC 
and VF among different BMI groups [15], similar to the present study. The underweight group had significantly 
receded NPC and reduced VF compared to the normal, overweight, and obese groups [15]. In contrast, 
NPC receded more significantly in the obese group than in the normal, overweight, and underweight groups. 
Moreover, the distance and near VFs were significantly lower in the obese group than in the overweight and 
normal groups, and the distance VF was significantly lower in the obese group than in the underweight group. 

Table 3. Values for accommodation parameters among four BMI groups

Parameters Underweight Normal Overweight Obese P-value

NRA (D), Mean ± SD 3.35 ± 4.09 3.41 ± 4.09 2.62 ± 0.49 2.49 ± 0.41 0.484

PRA (D), Mean ± SD - 2.94 ± 1.23 - 2.69 ± 1.23 - 2.75 ± 1.17 - 2.90 ± 0.46 0.809

AF (cpm), Mean ± SD OD 10.03 ± 3.77 10.96 ± 3.91 9.83 ± 3.66 9.53 ± 2.71 0.438

OS 9.88 ± 3.82 10.96 ± 3.77 9.88 ± 3.74 9.75 ± 2.06 0.494

OU 9.90 ± 3.61 11.46 ± 2.95 10.46 ± 2.96 7.80 ± 2.53 < 0.001

AoA (D), Mean ± SD 10.89 ± 1.23 12.12 ± 2.40 11.60 ± 1.60 10.95 ± 1.28 0.017

MEM (D), Mean ± SD OD 0.56 ± 0.13 0.58 ± 0.17 0.59 ± 1.3 0.57 ± 0.11 0.868

OS 0.55 ± 0.16 0.55 ± 0.20 0.55 ± 0.18 0.60 ± 0.18 0.627
Abbreviations: BMI, body mass index; NRA, negative relative accommodation; D, diopters; SD, standard deviation; PRA, positive 
relative accommodation; AF, accommodative facility; cpm, cycle per minute; OD, right eye; OS, left eye; OU, both eyes; AoA, 
amplitude of accommodation; MEM, monocular estimation method. Note: P-values < 0.05 are shown in bold; Underweight, with 
BMI < 18.5 kg/m2; Normal, with BMI 18.5 – 24.9 kg/m2; Overweight, with BMI 25.0 – 29.9 kg/m2; Obese, with BMI 30.0 – 34.9 
kg/m2.

Table 4. Pairwise comparisons of significant parameters among four BMI categories 

Parameters P1 P2 P3 P4 P5 P6

NPC, Break (cm) 0.999 0.010 0.220 0.010 0.286 0.004

NPC, Recovery (cm) 0.998 0.010 0.117 0.010 0.166 0.009

Distance VF (cpm) 0.999 0.010 0.102 0.010 0.141 0.010

Near VF (cpm) 0.650 0.017 0.853 0.010 0.206 0.127

Distance NFV, Break (PD) 0.950 0.004 0.993 0.020 0.993 0.009

Distance NFV, Recovery (PD) 0.943 0.009 0.975 0.043 0.999 0.030

Near PFV, Break (PD) 0.904 0.001 0.113 0.010 0.020 0.394

Near PFV, Recovery (PD) 0.947 0.001 0.154 0.010 0.043 0.242

AC/A ratio 0.925 0.010 0.295 0.010 0.085 0.007

Binocular AF (cpm) 0.582 0.010 0.196 0.005 0.888 0.042

AoA (D) 0.636 0.042 0.030 0.447 0.376 0.999
Abbreviations: BMI, body mass index; NPC, near point of convergence; cm, centimeter; VF, vergence facility; cpm, cycle per minute; 
NFV, negative fusional vergence; PD, prism diopters; PFV, positive fusional vergence; AC/A ratio, accommodative convergence to 
accommodation ratio; AF, accommodative facility; AoA, amplitude of accommodation. Note: P-values < 0.05 are shown in bold; 
P1, P-value for the comparison between normal-weight versus overweight individuals; P2, P-value for the comparison between 
normal-weight versus obese individuals; P3, P-value for the comparison between normal-weight individuals versus underweight; 
P4, P-value for the comparison between overweight versus obese individuals; P5, P-value for the comparison between underweight 
versus overweight individuals; P6, P-value for the comparison between underweight versus obese individuals; Underweight, with 
BMI < 18.5 kg/m2; Normal, with BMI 18.5 – 24.9 kg/m2; Overweight, with BMI 25.0 – 29.9 kg/m2; Obese, with BMI 30.0 – 34.9 
kg/m2.
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Despite the observed differences between these two studies, the findings imply that both extremes of BMI can 
deteriorate binocular vision skills.

Vaishali et al. found no significant difference in convergence insufficiency among the four BMI groups. The 
results of various binocular vision tests, including NPC, near point of accommodation, base-in break, base-out 
break, abduction, adduction, and exophoria, were comparable among the four BMI groups [31]. However, we 
found high frequencies of abnormal binocular vision in the obese (40.0%) and underweight (26.7%) groups, 
followed by the overweight (20.0%) and normal (16.7%) groups. Convergence insufficiency was the most 
frequent binocular vision anomaly affecting 19 (15.8%) participants, with a higher frequency in the obese and 
underweight groups: 10 in the obese group, six in the underweight group, and three in the normal group. 

The mean near exophoria was high in the obese and underweight groups. The frequency of exophoria > 4 PD 
was high in the obese group. Heterophoria could present because of anatomical factors such as abnormal strength 
of the extraocular muscle, volume of retrobulbar tissue, and size and shape of the globes [32]. A significantly 
higher retrobulbar adipose tissue volume in individuals with obesity than in normal-weight individuals [33] 
could affect the extraocular muscles, as evidenced by the presence of large amount of exophoria and deterioration 
of convergence parameters in the obese group in the present study. This possible causal relationship should be 
verified in future studies using magnetic resonance imaging of the head at the level of the optic nerve to measure 
the retrobulbar adipose tissue volume [33] and correlate it with the binocular vision skills of obese individuals.

Obesity adversely affected VF, as distance and near VFs were significantly lower in the obese group than 
in the normal and overweight groups, and distance VF was significantly lower in the obese group than in the 
underweight group. Facilitating rapid convergence and divergence movements was difficult with prisms for 
distant and near VFs. Distance NFV and near PFV were lower in the obesity group than in the normal and 
overweight groups. Wiegand et al. regarded the lack of proper vergence as a criterion for a high rate of drowsiness, 
which measures fatigue. Moreover, they reported a higher likelihood of fatigue in drivers with obesity (≥ 30 BMI) 
[34]. Considering the significance of unsafe driving behaviors [35], assessing binocular vision skills, particularly 
the vergence system, among individuals with an extreme BMI who engage in critical jobs such as drivers [36] 
could be recommended for occupational safety and health.

The accommodation parameters did not vary significantly among the groups, and we found comparable 
values for NRA, PRA, monocular AF, and monocular estimation method among all groups. However, the 
vergence system was affected more than the accommodation system in the obese group. Teasdale et al. [37] 
suggested that obese individuals have an abnormal gait because of mechanical stress, which affects the lower 
limb and consequently changes the gait pattern, and that ocular movements and the vergence system play a role 
in postural performance [38]. Plantar stimulation affects vergence eye movements and reduces sensitivity from 
the plantar to visual inputs in obese individuals, which may affect the vergence system [37]. Arphorn et al. found 
that the likelihood of occupational falls increased by 3.05 times in individuals with BMI ≥ 30 kg/m2 compared to 
those with BMI < 25 kg/m2 [39]. High BMI could cause strength deficits, as individuals with a BMI > 35.0 kg/
m2 had up to 63.1% lower joint strength compared to those in other BMI categories [40]. Therefore, we believe 
that investigating the effects of binocular vision skills, particularly vergence system performance, on postural 
performance among individuals at both extremes of BMI is a research question that scholars should address in 
the future.

In a cross-sectional study involving 1856 grade 1 students from primary schools, He et al. found that 
BMI was not a risk factor for strabismus using multiple logistic regression [41]. The first possibility is that, as 
participants had a mean (SD) BMI of 15.74 (1.80), fewer individuals may have had both extremes of BMI. The 
second possibility is that BMI could be less influential on strabismic [13] than on non-strabismic binocular 
vision anomalies [14], as they tested the effect of BMI in children with strabismus [41], whereas our participants 
had no manifest deviation for distance or near. The third possibility is that this outcome might be due to the 
difference in the age of participants between both studies, as He et al. [41] included children with a mean (SD) 
age of 6.83 (0.46), who were younger than our participants (age range: 19 – 25 years), as disparity in binocular 
vision parameters might be seen even between normal children and adults [42].

This study revealed that both BMI extremes could adversely affect binocular vision skills, predominantly the 
vergence system. Further studies on different BMI categories with a specific focus on obesity are necessary to 
determine the correlation between the vergence system and postural instability in obese individuals. A limitation 
of the present study is that it did not aim to determine the exact reason for the association between binocular 
parameters and BMI. Future studies are required to test the possible correlations among ocular movements, the 
vergence system, postural instability, and impaired vision in individuals with obesity. Moreover, future studies 
are required to find convincing evidence on the effects of weight change on improving binocular vision anomalies 
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and vergence system dysfunction observed in both extremes of BMI and discover the relevance of BMI as a 
predictor of binocular vision abnormalities. Investigating the effects of other anthropometric characteristics on 
binocular vision skills is an exciting topic for future research.

CONCLUSIONS
The obese group had large amount of near exophoria. The frequency of binocular vision dysfunction was high 
in the obese and underweight groups, among which the obese group was more susceptible to binocular vision 
abnormalities. Individuals with obesity had receded NPC, and reduced AC/A ratio, binocular AF, distance and 
near VF, distance NFV, and near PFV. Both underweight and obese groups had significantly lower AoA, and the 
underweight group had reduced near PFV. A thorough binocular assessment of young adults should be assessed 
during eye examinations.

ETHICAL DECLARATIONS
Ethical approval: This comparative cross-sectional study was conducted following ethical approval from 
the Institutional Ethical Committee of the Faculty of Medicine (registration number CSP/19/JUN/78/220 
on 17/07/2019) at the Sri Ramachandra Institute of Higher Education and Research, Porur, Chennai, Tamil 
Nadu, India. Study participants were recruited from volunteers attending the ophthalmic clinic and the Sri 
Ramachandra Institute of Higher Education and Research University after providing written informed consent 
for participation.
Conflict of interest: None.

FUNDING
None.

ACKNOWLEDGMENTS
None.

REFERENCES
1.	 Hastuti J, Kagawa M, Byrne NM, Hills AP. Determination of new anthropometric cut-off values for obesity screening in Indonesian 

adults. Asia Pac J Clin Nutr. 2017;26(4):650-656. doi: 10.6133/apjcn.072016.09 pmid: 28582815
2.	 Ng SP, Korda R, Clements M, Latz I, Bauman A, Bambrick H, et al. Validity of self-reported height and weight and derived body 

mass index in middle-aged and elderly individuals in Australia. Aust N Z J Public Health. 2011;35(6):557-63. doi: 10.1111/j.1753-
6405.2011.00742.x pmid: 22151163

3.	 Nuttall FQ. Body Mass Index: Obesity, BMI, and Health: A Critical Review. Nutr Today. 2015;50(3):117-128. doi: 10.1097/
NT.0000000000000092 pmid: 27340299

4.	 Aronne LJ. Classification of obesity and assessment of obesity-related health risks. Obes Res. 2002;10 Suppl 2:105S-115S. doi: 10.1038/
oby.2002.203 pmid: 12490659

5.	 WHO Expert Consultation. Appropriate body-mass index for Asian populations and its implications for policy and intervention 
strategies. Lancet. 2004;363(9403):157-63. doi: 10.1016/S0140-6736(03)15268-3. Erratum in: Lancet. 2004;363(9412):902. pmid: 
14726171

6.	 Pan WH, Yeh WT. How to define obesity? Evidence-based multiple action points for public awareness, screening, and treatment: an 
extension of Asian-Pacific recommendations. Asia Pac J Clin Nutr. 2008;17(3):370-4. pmid: 18818155

7.	 World Health Organization (2000). ‘The Asia-Pacific perspective: redefining obesity and its treatment’ (pp. 17-18). Published by 
Health Communications Australia Pty Limited on behalf of the Steering Committee. ISBN: 0-9577082-1-1. Link

8.	 Cheung N, Wong TY. Obesity and eye diseases. Surv Ophthalmol. 2007;52(2):180-95. doi: 10.1016/j.survophthal.2006.12.003 pmid: 
17355856

9.	 Panon N, Luangsawang K, Rugaber C, Tongchit T, Thongsepee N, Cheaha D, et al. Correlation between body mass index and ocular 
parameters. Clin Ophthalmol. 2019;13:763-769. doi: 10.2147/OPTH.S196622 pmid: 31118554

10.	 Ye J, Lou LX, He JJ, Xu YF. Body mass index and risk of age-related cataract: a meta-analysis of prospective cohort studies. PLoS One. 
2014;9(2):e89923. doi: 10.1371/journal.pone.0089923 pmid: 24587127

11.	 Wade NJ. On the Origins of Terms in Binocular Vision. Iperception. 2021;12(1):2041669521992381. doi: 10.1177/2041669521992381 
pmid: 33717428

12.	 Hess BJ, Misslisch H. Three-dimensional ocular kinematics underlying binocular single vision. J Neurophysiol. 2016;116(6):2841-
2856. doi: 10.1152/jn.00596.2016 pmid: 27655969

13.	 Bui Quoc E, Milleret C. Origins of strabismus and loss of binocular vision. Front Integr Neurosci. 2014;8:71. doi: 10.3389/
fnint.2014.00071 pmid: 25309358

14.	 Hussaindeen JR, Rakshit A, Singh NK, George R, Swaminathan M, Kapur S, et al. Prevalence of non-strabismic anomalies of binocular 

https://doi.org/10.6133/apjcn.072016.09
https://pubmed.ncbi.nlm.nih.gov/28582815/
https://doi.org/10.1111/j.1753-6405.2011.00742.x
https://doi.org/10.1111/j.1753-6405.2011.00742.x
https://pubmed.ncbi.nlm.nih.gov/22151163/
https://doi.org/10.1097/nt.0000000000000092
https://doi.org/10.1097/nt.0000000000000092
https://pubmed.ncbi.nlm.nih.gov/27340299/
https://doi.org/10.1038/oby.2002.203
https://doi.org/10.1038/oby.2002.203
https://pubmed.ncbi.nlm.nih.gov/12490659/
https://doi.org/10.1016/s0140-6736(03)15268-3
https://pubmed.ncbi.nlm.nih.gov/14726171/
https://pubmed.ncbi.nlm.nih.gov/14726171/
https://pubmed.ncbi.nlm.nih.gov/18818155/
https://apps.who.int/iris/bitstream/handle/10665/206936/0957708211_eng.pdf?sequence=1&tnqh_x0026;isAllowed=y
https://doi.org/10.1016/j.survophthal.2006.12.003
https://pubmed.ncbi.nlm.nih.gov/17355856/
https://pubmed.ncbi.nlm.nih.gov/17355856/
https://doi.org/10.2147/opth.s196622
https://pubmed.ncbi.nlm.nih.gov/31118554/
https://doi.org/10.1371/journal.pone.0089923
https://pubmed.ncbi.nlm.nih.gov/24587127/
https://doi.org/10.1177/2041669521992381
https://pubmed.ncbi.nlm.nih.gov/33717428/
https://doi.org/10.1152/jn.00596.2016
https://pubmed.ncbi.nlm.nih.gov/27655969/
https://doi.org/10.3389/fnint.2014.00071
https://doi.org/10.3389/fnint.2014.00071
https://pubmed.ncbi.nlm.nih.gov/25309358/


Binocular vision parameters and body mass index

Med Hypothesis Discov Innov Optom. 2023; 4(1)24

vision in Tamil Nadu: report 2 of BAND study. Clin Exp Optom. 2017;100(6):642-648. doi: 10.1111/cxo.12496 pmid: 27859646
15.	 Momeni-Moghaddam H, Kundart J, Ehsani M, Abdeh-Kykha A. Body mass index and binocular vision skills. Saudi J Ophthalmol. 

2012;26(3):331-4. doi: 10.1016/j.sjopt.2012.01.002 pmid: 24151429
16.	 Smolders MH, Graniewski-Wijnands HS, Meinders AE, Fogteloo AJ, Pijl H, de Keizer RJ. Exophthalmos in obesity. Ophthalmic Res. 

2004;36(2):78-81. doi: 10.1159/000076885 pmid: 15017102
17.	 Al-Qahtani H, Al-Debasi H. The effects of experimentally induced graded monocular and binocular astigmatism on near stereoacuity. 

Saudi J Ophthalmol. 2018;32(4):275-279. doi: 10.1016/j.sjopt.2018.09.001 pmid: 30581296
18.	 Etezad Razavi M, Najaran M, Moravvej R, Ansari Astaneh MR, Azimi A. Correlation between Worth Four Dot Test Results and 

Fusional Control in Intermittent Exotropia. J Ophthalmic Vis Res. 2012;7(2):134-8. pmid: 23275822
19.	 Roper-Hall G. The “worth” of the worth four dot test. Am Orthopt J. 2004;54:112-9. doi: 10.3368/aoj.54.1.112 pmid: 21149094
20.	 Shumway CL, Motlagh M, Wade M. Anatomy, Head and Neck, Eye Extraocular Muscles. 2022. In: StatPearls [Internet]. Treasure Island 

(FL): StatPearls Publishing; 2022 Jan–. pmid: 30137849
21.	 Mestre C, Otero C, Díaz-Doutón F, Gautier J, Pujol J. An automated and objective cover test to measure heterophoria. PLoS One. 

2018;13(11):e0206674. doi: 10.1371/journal.pone.0206674 pmid: 30383846
22.	 Brautaset RL, Jennings AJ. Effects of orthoptic treatment on the CA/C and AC/A ratios in convergence insufficiency. Invest Ophthalmol 

Vis Sci. 2006;47(7):2876-80. doi: 10.1167/iovs.04-1372 pmid: 16799027
23.	 Berglund Pilgrim C (2010). ‘Near Point of Convergence: A Comparison of Four Different Target types (thesis)’. Bachelor of Science 

thesis at Linnaeus University, Faculty of Science and Engineering, School of Natural Sciences. Available at: https://www.diva-portal.
org/smash/record.jsf?pid=diva2%3A323304&dswid=2262 (Accessed: March 01, 2023)

24.	 Mestre C, Bedell HE, Díaz-Doutón F, Pujol J, Gautier J. Characteristics of saccades during the near point of convergence test. Vision Res. 
2021;187:27-40. doi: 10.1016/j.visres.2021.06.001 pmid: 34147850

25.	 Momeni-Moghaddam H, McAlinden C, Azimi A, Sobhani M, Skiadaresi E. Comparing accommodative function between the dominant 
and non-dominant eye. Graefes Arch Clin Exp Ophthalmol. 2014;252(3):509-14. doi: 10.1007/s00417-013-2480-7 pmid: 24158371

26.	 Antona B, Barrio A, Barra F, Gonzalez E, Sanchez I. Repeatability and agreement in the measurement of horizontal fusional vergences. 
Ophthalmic Physiol Opt. 2008;28(5):475-91. doi: 10.1111/j.1475-1313.2008.00583.x pmid: 18761485

27.	 Hashemi H, Nabovati P, Khabazkhoob M, Yekta A, Ostadimoghaddam H, Doostdar A, et al. The Prevalence of Fusional Vergence 
Dysfunction in a Population in Iran. J Curr Ophthalmol. 2021;33(2):112-117. doi: 10.4103/JOCO.JOCO_61_20 pmid: 34409219

28.	 Vera J, Redondo B, Koulieris GA, Molina R, Jiménez R. Examining the Validity of a New Method for the Objective Assessment of 
Binocular Accommodative Facility (2Q-AF Test): A Comparison with ± 2.00 DS Lens Flippers. Curr Eye Res. 2022;47(1):62-68. doi: 
10.1080/02713683.2021.1962359 pmid: 34612106

29.	 Sterner B, Gellerstedt M, Sjöström A. Accommodation and the relationship to subjective symptoms with near work for young school 
children. Ophthalmic Physiol Opt. 2006;26(2):148-55. doi: 10.1111/j.1475-1313.2006.00364.x pmid: 16460315

30. 	 Scheiman M, Wick B (2014). ‘Clinical Management of Binocular Vision: Heterophoric, Accommodative and Eye Movement Disorders’. 
Fourth edition (pp. 1- 752). Philadelphia: Wolters Kluwer/Lippincott Williams & Wilkins. Link 

31.	 Vaishali RS, Jha KN, Srikanth K. Prevalence of convergence insufficiency between 18 and 35 years and its relation to body mass index. 
TNOA Journal of Ophthalmic Science and Research. 2019;57(1):27-30. doi: 10.4103/tjosr.tjosr_11_19 

32.	 von Noorden GK, Campos EC (2002). ‘Etiology of Heterophoria and Heterotropia’. In Lampert R, Cox K, Burke D (Ed.). Binocular 
Vision and Ocular Motility, Theory and Management of Strabismus. Sixth edition (pp. 134-135). Mosby, Inc. A Harcourt Health 
Sciences Company. ISBN 0–323–01129–2. Link

33.	 Stojanov O, Stokić E, Sveljo O, Naumović N. The influence of retrobulbar adipose tissue volume upon intraocular pressure in obesity. 
Vojnosanit Pregl. 2013;70(5):469-76. doi: 10.2298/vsp1305469s pmid: 23789286

34.	 Wiegand DM, Hanowski RJ, McDonald SE. Commercial drivers’ health: a naturalistic study of body mass index, fatigue, and involvement 
in safety-critical events. Traffic Inj Prev. 2009;10(6):573-9. doi: 10.1080/15389580903295277 pmid: 19916128

35.	 Molina R, Redondo B, Di Stasi LL, Anera RG, Vera J, Jiménez R. The short-term effects of artificially-impaired binocular vision on 
driving performance. Ergonomics. 2021;64(2):212-224. doi: 10.1080/00140139.2020.1814427 pmid: 32841064

36.	 Mazloumi A, Kazemi Z, Nasl-Saraji G, Barideh S. Quality of working life assessment among train drivers in keshesh section of Iran 
Railway. International Journal of Occupational Hygiene. 2014;6(2):50-5. Link 

37.	 Teasdale N, Simoneau M, Corbeil P, Handrigan G, Tremblay A, Hue O. Obesity alters balance and movement control. Current Obesity 
Reports. 2013;2:235-40. doi: 10.1007/s13679-013-0057-8 

38.	 Foisy A, Gaertner C, Matheron E, Kapoula Z. Controlling Posture and Vergence Eye Movements in Quiet Stance: Effects of Thin Plantar 
Inserts. PLoS One. 2015;10(12):e0143693. doi: 10.1371/journal.pone.0143693 pmid: 26637132

39.	 Arphorn S, Ishimaru T, Lertvarayut T, Kiatkitroj K, Theppitak C, Manothum A, et al. Risk Factors for Occupational Falls among Middle-
aged and Elderly Farm Workers in Nan Province, Thailand. J Agromedicine. 2022;27(4):402-408. doi: 10.1080/1059924X.2022.2040071 
pmid: 35129093

40.	 Bulbrook BD, La Delfa NJ, McDonald AC, Liang C, Callaghan JP, Dickerson CR. Higher body mass index and body fat percentage 
correlate to lower joint and functional strength in working age adults. Appl Ergon. 2021;95:103453. doi: 10.1016/j.apergo.2021.103453 
pmid: 33975206

41.	 He H, Fu J, Meng Z, Chen W, Li L, Zhao X. Prevalence and associated risk factors for childhood strabismus in Lhasa, Tibet, China: a 
cross-sectional, school-based study. BMC Ophthalmol. 2020;20(1):463. doi: 10.1186/s12886-020-01732-2 pmid: 33238929

42.	 Horwood AM, Riddell PM. Disparity-driven vs blur-driven models of accommodation and convergence in binocular vision and 
intermittent strabismus. J AAPOS. 2014;18(6):576-83. doi: 10.1016/j.jaapos.2014.08.009 pmid: 25498466

https://www.tandfonline.com/doi/abs/10.1111/cxo.12496?journalCode=tceo20
https://pubmed.ncbi.nlm.nih.gov/27859646/
https://doi.org/10.1016/j.sjopt.2012.01.002
https://pubmed.ncbi.nlm.nih.gov/24151429/
https://doi.org/10.1159/000076885
https://pubmed.ncbi.nlm.nih.gov/15017102/
https://doi.org/10.1016/j.sjopt.2018.09.001
https://pubmed.ncbi.nlm.nih.gov/30581296/
https://pubmed.ncbi.nlm.nih.gov/23275822/
https://www.tandfonline.com/doi/abs/10.3368/aoj.54.1.112
https://pubmed.ncbi.nlm.nih.gov/21149094/
https://pubmed.ncbi.nlm.nih.gov/30137849/
https://doi.org/10.1371/journal.pone.0206674
https://pubmed.ncbi.nlm.nih.gov/30383846/
https://doi.org/10.1167/iovs.04-1372
https://pubmed.ncbi.nlm.nih.gov/16799027/
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A323304&dswid=2262
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A323304&dswid=2262
https://doi.org/10.1016/j.visres.2021.06.001
https://pubmed.ncbi.nlm.nih.gov/34147850/
https://doi.org/10.1007/s00417-013-2480-7
https://pubmed.ncbi.nlm.nih.gov/24158371/
https://doi.org/10.1111/j.1475-1313.2008.00583.x
https://pubmed.ncbi.nlm.nih.gov/18761485/
https://doi.org/10.4103/joco.joco_61_20
https://pubmed.ncbi.nlm.nih.gov/34409219/
https://doi.org/10.1080/02713683.2021.1962359
https://doi.org/10.1080/02713683.2021.1962359
https://pubmed.ncbi.nlm.nih.gov/34612106/
https://doi.org/10.1111/j.1475-1313.2006.00364.x
https://pubmed.ncbi.nlm.nih.gov/16460315/
https://www.google.fr/books/edition/Clinical_Management_of_Binocular_Vision/Mf6tAAAAQBAJ?hl=en
https://www.tnoajosr.com/article.asp?issn=2589-4528;year=2019;volume=57;issue=1;spage=27;epage=30;aulast=Vaishali
https://www.aao.org/assets/0c711d7f-503f-4cd9-b4ac-92d6ec31a718/636343503854270000/strabismus-binocular-vision-and-ocular-motility-vnoorden-pdf?inline=1
https://scindeks.ceon.rs/article.aspx?artid=0042-84501305469S
https://pubmed.ncbi.nlm.nih.gov/23789286/
https://doi.org/10.1080/15389580903295277
https://pubmed.ncbi.nlm.nih.gov/19916128/
https://doi.org/10.1080/00140139.2020.1814427
https://pubmed.ncbi.nlm.nih.gov/32841064/
https://ijoh.tums.ac.ir/index.php/ijoh/article/view/97
https://link.springer.com/article/10.1007/s13679-013-0057-8
https://doi.org/10.1371/journal.pone.0143693
https://pubmed.ncbi.nlm.nih.gov/26637132/
https://pubmed.ncbi.nlm.nih.gov/35129093/
https://doi.org/10.1016/j.apergo.2021.103453
https://pubmed.ncbi.nlm.nih.gov/33975206/
https://doi.org/10.1186/s12886-020-01732-2
https://pubmed.ncbi.nlm.nih.gov/33238929/
https://doi.org/10.1016/j.jaapos.2014.08.009
https://pubmed.ncbi.nlm.nih.gov/25498466/

	Binocular vision parameters and body mass index 
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


