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Abstract

Background To determine the distribution of the near point of convergence (NPC) and its related factors in an elderly
population in Tehran, Iran.

Methods This population-based cross-sectional study was conducted on the elderly population (60 years of age and over) of
Tehran, Iran in 2019. The samples were selected using stratified random cluster sampling. The examinations included the
measurement of uncorrected and best-corrected visual acuity, objective and subjective refraction, unilateral and alternate
cover test, ocular health examination, and NPC measurement.

Results The mean age of the participants was 65.90 +4.56 years and 59.6% of them were females. The mean (95% CI) NPC
in the total sample was 7.84cm (95% CI: 7.65-8.03). The mean (95% CI) NPC in males and females was 7.92 cm
(7.63-8.21) and 7.75 cm (7.54-7.97) (P = 0.338), respectively. The mean NPC increased from 7.8 cm (95% CI: 7.55-8.05)
in the age group 60-64 years to 8.83 cm (95% CI: 7.47-10.2) in the age group >80 years (P> 0.05). The mean (95% CI)
NPC in emmetropic, myopic, and hyperopic individuals was 7.67 cm (95% CI: 7.33-8.02), 7.96 cm (7.56-8.37), and 7.87
cm (7.63-8.11), respectively (P =0.378). There was no statistically significant relationship between NPC with education
level, smoking, diabetes mellitus (DM), and hypertension (HT).

Conclusions The NPC values found in this study were significantly lower (less remote) than the values reported in previous
studies in similar age groups. The NPC had no significant relationship with age, sex, education level, smoking, DM, and HT.

Introduction
The near point of convergence (NPC) is the nearest point

in space where an individual can maintain single bino-
cular vision [1]. This parameter represents the maximum

< Mehdi Khabazkhoob
khabazkhoob@yahoo.com

Noor Research Center for Ophthalmic Epidemiology, Noor Eye
Hospital, Tehran, Iran

Rehabilitation Research Center, Department of Optometry, School
of Rehabilitation Sciences, Iran University of Medical Sciences,
Tehran, Iran

Department of Optometry, Mashhad University of Medical
Sciences, Mashhad, Iran

Translational Ophthalmology Research Center, Tehran University
of Medical Sciences, Tehran, Iran

Department of Medical Surgical Nursing, School of Nursing and
Midwifery, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

SPRINGER NATURE

convergence ability (gross convergence) and consists of
four major components of the vergence system, including
the tonic vergence, the accommodative vergence, the
fusional vergence, and the proximal vergence [2, 3]. NPC
measurement is one of the routine binocular vision
examinations, which is of special value in the diagnosis of
convergence insufficiency (CI) as the most common
binocular visual anomaly [4, 5]. A remote NPC is the
most consistent finding in patients with CI and is used in
making the final diagnosis of CI by the majority of
practitioners [6, 7]. NPC recession is associated with an
increase of vision-related symptoms during close work
[8]. Therefore, information about normal NPC values in
the general population is important to increase its
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diagnostic value and improve clinical interpretation of
this index. Several studies have addressed the distribution
of NPC and its related factors in different populations
[1, 2, 9-19]. However, most of the available studies were
non-population-based studies, conducted on selected
clinical populations and mostly targeted children and
young adults. To the best of our knowledge, no study in
the literature has evaluated the distribution of NPC spe-
cifically in the elderly population. Some previous studies
have shown an increase in NPC with age [2, 9, 18], with
these changes being more pronounced in the elderly (over
60 years of age) [2, 18]. Given the age-related changes in
NPC, the use of existing recommendations (mainly
reported for children and young adults) to interpret this
finding in the elderly population is debatable and may
lead to misinterpretation of the index. Life expectancy is
increasing in most countries of the world, so that
according to the World Health Organization (WHO), the
percentage of the population over the age of 60 years in
the world will increase from 12% in 2015 to 22% in 2050
[20]. Therefore, there is a need to conduct a study on NPC
distribution specifically in the elderly. The present
population-based study aimed to describe the distribution
of NPC and its related factors in a large sample of an
Iranian elderly population.

Material and methods

This report was a part of the Tehran Geriatric Eye Study
(TGES); a population-based cross-sectional study that
was conducted in 2019 in Tehran, the capital of Iran,
using stratified multistage random cluster sampling
method. The target population in TGES was all residents
of Tehran over 60 years of age. 165 clusters were ran-
domly selected proportionally to size from 22 strata of
Tehran city. After identifying each cluster, a sampling
team went to the address of that cluster and performed the
sampling based on the predetermined protocol. All indi-
viduals over the age of 60 years were invited to partici-
pate in the study after explaining the purpose of the study
and ensuring that their information would remain con-
fidential. Within a predetermined day, all participants
were transferred to the examination site free of charge,
and in the first stage, a consent form was obtained. After
obtaining consent and explaining the goal and steps of the
study, a preliminary interview was performed to record
information regarding smoking, education level, any
history of previous eye examinations, ocular and systemic
disease, ocular trauma, previous ocular surgery, and use
of ocular or systemic medications. The blood pressure
was then measured, and a blood sample was taken, fol-
lowed by optometric examinations.

Examination protocol

All optometric examinations were performed in an exam-
ination room with standard lighting conditions. First, the
uncorrected distance visual acuity was measured by a LED
visual acuity chart (Smart LC 13, Medizs Inc., Korea) at a
distance of 6 meters (m). Objective refraction was then
performed using an auto-refractometer (ARK-510A, Nidek
Co. LTD, Aichi, Japan). The optimal distance optical cor-
rection was determined by the subjective refraction and the
best-corrected distance visual acuity (BCVA) was recorded.
Also, the amount of appropriated near addition lenses was
determined using the near subjective refraction. In the next
step, the unilateral and alternate cover tests were performed
to assess the binocular alignment at 6 m and 40cm,
respectively, and any deviation (tropia or phoria) was
measured using a prism bar. The near cover test was done
through addition lenses. The NPC was measured using a
single letter on the near Snellen chart one line above the
BCVA along the subject’s midline. The target was gradu-
ally moved toward the subject from a distance of 50 cm at a
recommended constant rate of about 1cm/s. The subject
was asked to keep the target as single as possible, and to
report whenever the target became double. At the point
where diplopia was reported by the individual, or the
examiner objectively observed the loss of binocularity, the
target’s distance was measured from the spectacle plane by
a large millimeter ruler. To increase the reliability of the
test, the NPC measurement was measured five times and the
average of 5 measurements was recorded as the final NPC
finding. Finally, all participants underwent ocular health
examination by an ophthalmologist using slit-lamp biomi-
croscopy and +90 lens. Exclusion criteria included BCVA
less than 20/30 in either eye, strabismus, amblyopia, history
of any intraocular surgery, any active ocular pathology
affecting binocular vision, and history of ocular trauma.

Definitions

Refractive errors were defined based on the spherical
equivalent (SE) of subjective refraction. The values of near
exophoria and esophoria were considered positive and
negative, respectively. Myopia was defined as a SE of —0.50
or more and hyperopia as +0.50 or more. Diabetes mellitus
(DM) was considered based on a previous diagnosis or
hemoglobinAlc level of 6.5% or greater. Hypertension (HT)
was defined based on a previous diagnosis or a systolic
pressure 2135 mm Hg or a diastolic pressure >85 mm Hg.

Statistical analysis

NPC was summarized as mean and standard deviation (SD)
in the total sample and groups categorized by age, sex,
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Fig. 1 The distribution of the
near point of convergence (cm)
in the study participants.
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refractive errors, education level, DM, and HT. To calculate
the mean values, the results were directly standardized
according to the latest census on the population aged 60
years and over in Tehran. Cluster sampling was considered
in calculating the confidence interval. Possible relationships
were assessed using simple and multiple linear regressions.
The correlation between near heterophoria and NPC was
examined by Pearson correlation test. A P value < 0.05 was
considered statistically significant.

Results

3310 of the 3791 invitees participated in this study
(response rate: 87.3 percent). After applying exclusion cri-
teria, statistical analysis was performed with the data from
1784 individuals. The reasons for exclusion included: best-
corrected visual acuity less than 20/30, amblyopia or active
anterior or posterior ocular disease: 585 individuals, a his-
tory of ocular surgery: 751 individuals, a history of ocular
trauma: 22 individuals, strabismus: 115 individuals, use of
drugs affecting binocular vision: 44 individuals, physical
inability to attend for testing: 9 individuals. The mean age
of the participants was 65.90 £4.96 (60-95 years) and
59.6% (1063) of them were females. Figure 1 shows the
distribution of NPC in study participants. Overall, the mean
NPC was 7.84cm (95% CI: 7.65-8.03). The mean (95%
CI) of NPC values in different groups of study variables has
been shown in Table 1. According to the simple linear
regression (Table 2), there was no significant relationship
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between NPC and all study variables including age, sex,
education level, smoking, DM, HT, and refractive errors (all
P values > 0.05). The association between NPC and these
variables was also investigated in a multiple linear regres-
sion model (Table 2). As seen in Table 2, none of these
variables had a statistically significant relationship with
NPC in the presence of each other. There was a significant
positive correlation between near heterophoria and NPC;
increased (more remote) NPC was associated with a sta-
tistically significant increase in near exophoria (correlation
coefficient: 0.78, P <0.001).

Discussion

In the present study, we evaluated the distribution of NPC
in a relatively large sample of Iranian elderly population
aged 60 years and over. The associations between NPC and
some factors including sex, age, refractive errors, education
level, smoking, DM, and diabetes were also investigated.
Among the strengths of this study is the relatively large
sample size and also the sampling method, which increases
the generalizability of the results.

The mean NPC was 7.84 in the total sample. As men-
tioned earlier, several studies have examined the distribu-
tion of NPC,1-2,9-19 but most of these studies were
performed on children and young adult populations whose
results cannot be compared with the present study. A review
of the literature found only two studies reporting the dis-
tribution of NPC in the elderly population over 60 years of
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Table 1 The mean and 95% confidence interval (CI) of the near point
of convergence (cm) in the present study according to the different

study variables.

Mean (95% CI)

Total 7.84 (7.65-8.03)
Sex Male 7.92 (7.63-8.21)
Female 7.75 (7.54-7.97)
Smoking Yes 7.64 (7.18-8.09)
No 7.88 (7.68-8.07)
Diabetes Yes 7.78 (7.43-8.14)
No 7.85 (7.64-8.05)
Hypertension Yes 7.74 (7.48-8.01)
No 7.88 (7.67-8.10)
Age 60-64 7.80 (7.55-8.05)
65-69 7.84 (7.56-8.12)
70-74 7.97 (7.56-8.38)
75-79 7.51 (6.87-8.14)
>80 8.83 (7.47-10.2)
Education level Illiterate 8.19 (7.62-8.76)
Primary 7.74 (7.40-8.09)
Guidance 7.66 (7.28-8.03)
High 7.80 (7.51-8.08)
College 8.07 (7.60-8.53)
Refractive errors Emmetropia 7.67 (7.33-8.02)
Myopia 7.96 (7.56-8.37)
Hyperopia 7.87 (7.63-8.11)

Table 2 The association

age [2, 18]. However, the age range of these two studies
was wide, and individuals over the age of 60 years included
a small portion of the overall sample. The mean NPC found
in the age groups 60—69 years and more than 70 years in the
present study was significantly closer (less remote) than the
values reported in similar age groups in the study by
Ostadimoghaddam et al. (11.98 and 13.06 cm, respectively)
[2], and Hashemi et al. (9.53 and 10.44 cm, respectively)
[18]. These differences may be due to subtle differences in
NPC testing instructions, for example “tell me when the
target becomes double” versus “try to keep the target
single as much as possible and report whenever diplopia
occurs”. This difference in NPC values among studies
can also be attributed to racial factors. These three studies
were conducted in different geographic parts of Iran.
Maples and Hoenes studied the distribution of NPC in
elementary school children and found that the NPC values
were significantly different between white and black
Americans [11]. Given that the present study was conducted
specifically on the elderly population, its results could
provide a better picture of the distribution of NPC in this
age group.

Noo statistically significant relationship was found between
the NPC and gender. This finding is in line with the results of
a study by Hashemi et al. In the study conducted by Osta-
dimoghaddam et al., a statistically significant difference in
NPC values was found between males and females. How-
ever, the authors pointed out that this difference could be

between the near point of Simple Multiple
convergence and the studied Coefficient (95% CI) P value Coefficient (95% CI) P value
variables by simple and multiple
linear regression. Age 60-64 1 1
65-69 0.04 (—0.29 t0 0.37)  0.815 0.05 (—0.28 to 0.39)  0.750
70-74 0.17 (—0.28 to 0.62)  0.453 0.13 (-0.33 t0 0.59) 0.572
75-79 —0.29 (—0.97 to 0.38)  0.392 —0.35 (—1.05 to 0.36)  0.333
>80 1.03 (—0.32 to 2.38)  0.133 1.06 (—0.38 to 2.50)  0.148
Sex Male/female  —0.16 (—0.50 to 0.17)  0.338 —0.22 (—0.60 to 0.15) 0.246
Education Illiterate 1 1
Primary —0.45 (—1.09 to 0.20) 0.175 —0.46 (—1.13 t0 0.22)  0.185
Guidance —0.53 (-1.20 t0 0.13)  0.112 —0.49 (—1.17 t0 0.19)  0.159
High —0.39 (—1.02 to 0.23) 0.218 —0.39 (—1.06 to 0.27)  0.245
College —0.12 (—0.88 to 0.64)  0.748 —0.15 (—0.94 to 0.63)  0.698
Smoking No 1 1
Yes —0.24 (—0.70 to 0.22)  0.308 —0.39 (—0.91 to 0.13)  0.140
Diabetes No 1 1
Yes —0.06 (—0.43 to 0.31)  0.742 —0.03 (—0.42 to 0.35)  0.862
Hypertension No 1 1
Yes —0.14 (—0.42 to 0.15)  0.348 —0.14 (—0.45 t0 0.17)  0.367
Refractive errors Emmetropia 1 1
Myopia 0.29 (-0.23 t0 0.81)  0.277 0.22 (-0.32 t0 0.77)  0.421
Hyperopia 0.19 (-0.20 t0 0.59)  0.334 0.19 (-0.22 t0 0.59)  0.363

CI confidence interval.
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ignored due to the small effect size, and that the amount of
NPC in both sexes was clinically comparable [2].

Age is one of the influential factors on the NPC and age-
related recession of NPC has been reported in different
studies [2, 9, 18]. It seems that these age-related changes are
mainly due to a decrease in the accommodative effort along
with reduced accommodative amplitude and subsequently a
decrease in the accommodative vergence [2]. In the study
by Ostadimoghaddam et al., most NPC changes occurred
around the age of presbyopia [2]. However, no significant
relationship was found between NPC and age in the present
study. One reason for this finding may be the age range of
the participants in this study. Given that after the age of 60
years, the average amplitude of accommodation is practi-
cally zero, it is not expected that there will be significant
changes in the accommodative vergence. Overall, it can be
concluded that after the age of 60 years, the NPC is not
affected by age.

In the present study, there was no significant association
between NPC and refractive errors. There are conflicting
results about the relationship between NPC and refractive
errors in the literature. In the study by Ostadimoghaddam
et al., the refractive error did not show a significant effect on
NPC changes after removing the effects of age and sex [2].
Studies in children have reported that NPC values were
lower (less remote) in myopic individuals, and this finding
has been linked to a higher accommodative convergence/
accommodation (AC/A) ratio in myopes [16, 21, 22]. A
high AC/A ratio is associated with an increase in accom-
modative convergence and thus an increase in gross con-
vergence, leading to lower (closer) NPC values. Since the
effect of accommodative convergence is eliminated in the
elderly, it is expected that the refractive error will not be a
factor influencing the NPC values in this age group.

We examined the relationship between DM and NPC in
the present study but did not find a significant relationship.
We also found no significant association between NPC and
HT. Only one study in the literature was found on the
relationship between NPC and HT [23]. That study found
that patients with HT had more remote NPC values, but the
study population was between the ages of 18 and 55 years.

One of the limitations of the present study is the lack of
evaluation of the vision-related symptoms, considering that
this evaluation requires a valid and reliable assessment tool
such as the convergence insufficiency symptom survey
(CISS) and the Persian version of CISS is not present.
Another limitation of this study is that the amount of close
work was not considered and we were not able to investi-
gate the effects of this parameter on the NPC finding. One
issue that can be raised based on the findings of the present
study is the prevalence of CI. However, such evaluation
requires further extensive analysis taking into account other
parameters such as the magnitude of far and near
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heterophoria, the accommodative convergence/accom-
modation (AC/A) ratio, and the positive fusional vergence.
It is also necessary to compare the prevalence of CI with
previous similar studies to reach a meaningful conclusion in
this regard. Therefore, considering the extent of this issue,
we intend to evaluate the prevalence of CI and its related
factors in detail in a separate study.

In conclusion, the NPC values found in this study were
significantly lower (less remote) than the values reported in
previous studies in similar age groups. The results of this
study are important in that we should not expect very dif-
ferent amounts of NPC in the elderly population compared
to other age groups. The NPC had no significant relation-
ship with age, sex, education level, smoking, DM, and HT.

Summary
What was known before

e Near point of convergence is an important clinical index
used by clinicians for the analysis of binocular vision
performance As the NPC is influenced by age it is
important to have information about the distribution and
normal values of this parameter among all age groups.

What this study adds

e The near point of convergence values found in this study
were significantly lower (less remote) than the values
reported in previous studies in similar age groups. The
near point of convergencehad no significant relationship
with age, sex, education level, smoking, diabetes, and
blood pressure.
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