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Abstract

Age-related distance esotropia (ARDET) is characterized by an esodeviation greater at distance 

than near in older aged patients and generally managed with prism spectacles or surgery. The 

purpose of this study is to describe the prevalence, clinical characteristics, and natural history of 

age-related distance esotropia in a defined population. The medical records of all adult (≥19 years 

of age) residents of Olmsted County, Minnesota, diagnosed with an esodeviation at least 2 prism 

diopters (PD) greater at distance than near, from January 1, 1985, through December 31, 2004, 

were retrospectively reviewed. Seventy-three (9.7%) of 751 new cases of adult-onset strabismus 

were diagnosed with age-related distance esotropia during the 20-year period. The mean age of 

onset was 70 years (range, 19 to 93 years) and 48 (65.8%) were female (p=0.007). The mean angle 

of esodeviation was 7.6 (range, 2 to 20) prism diopters (PD) at distance and 0.4 (range, 10 PD 

of XT to 12 PD of ET) PD at near. The Kaplan-Meier rate of progression, as defined by a ≥ 6 

prism diopter (PD) increase in esotropia, was 50% by 15 years after diagnosis. Half of the patients 

had hypertension while one-third had coronary artery disease or other cardiac co-morbidities. Age-

related distance esotropia comprised 1 in 10 adults with new-onset strabismus in this population 

and was significantly more common among women. Hypertension and cardiovascular disease may 

be risk factors for this form of strabismus and approximately half of the patients worsened over a 

15-year period.
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Age-related distance esotropia (ARDET) is an acquired disorder of ocular alignment 

characterized by an esodeviation greater at distance than near with relatively normal versions 

and comitant horizontal measurements.1 Patients typically complain of a gradual onset of 

horizontal diplopia for distance viewing and are often asymptomatic at near. The previous 

terminology for this disorder has included divergence insufficiency,2,3 primary divergence 
insufficiency,4,5 divergence weakness,6 adult-onset divergence insufficiency esotropia,7 and 

adult onset age-related distance esotropia.8 Although a number of etiologic causes have been 

suggested,1,6,9–12 the underlying abnormality in this disease is unknown and may include 

more than one mechanism. Patients are generally managed with prism glasses or strabismus 

surgery.7–9,13–16

Although there exist a number of studies on ARDET, 1,5–9,13,14,16–18 most are small case 

series focused on surgical outcomes with limited clinical data. There are currently no 

published population-based studies describing the clinical characteristics and natural history 

of ARDET. The primary objective of this study is to describe the clinical characteristics and 

early natural history of age-related distance esotropia diagnosed among a population-based 

cohort of adults over a 20-year period.

Materials and methods

The medical records of all patients 19 years of age and older who were residing in 

Olmsted County, Minnesota, and diagnosed with distance esotropia from January 1, 1985, 

through December 31, 2004, were retrospectively reviewed. Potential cases of ARDET 

were identified using the resources of the Rochester Epidemiology Project, a regional 

collaboration of medical data designed to capture all patient-physician encounters in 

Olmstead County, Minnesota.19 The racial distribution of Olmsted County, Minnesota in 

2000 was 90.3% white, 4.2% Asian, 2.7% African American, 2.4% Hispanic or Latino, 

2.4% other or multiracial, and 0.2% American Indian. The county population (124,277 

in 2000) is relatively isolated from other urban areas and essentially all medical care is 

provided to residents by Mayo Clinic or Olmsted Medical Group and affiliated hospitals.

This study was approved by the Institutional Review Board at Mayo Clinic and Olmsted 

Medical Group and was compliant with the Health Insurance Portability and Accountability 

Act (HIPAA). The medical records of all patients aged ≥ 19 years who were diagnosed from 

January 1, 1985, through December 31, 2004, as having an esotropia measuring at least 2 

prism diopters (PD) greater at distance than near were reviewed. Patients with a paralytic 

or restrictive cause of their deviation were excluded. The medical record of each patient 

was reviewed, and all systemic and ocular co-morbidities present at the time of diagnosis 

were identified. The deviations were generally measured by prism and alternate cover test 

(PACT) at distance and near. Disease progression was defined by an increase in the distance 

deviation of 6 or more prism diopters based on a previous study of test-retest variability of 

distance esotropia measurements using prism and alternate cover measurements.20

The overall incidence was estimated using age- and sex-specific population figures from 

Olmsted County, with inter-census years estimated by linear interpolation. Incidence rates 

were age- and/or sex-adjusted to the 2010 census figures for the U.S. white population 
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to allow data to be compared to the national population estimate from the census figures. 

The percentage of females was tested against the expectation of 50% using a one sample 

binomial test. The probability of progression was estimated using the Kaplan-Meier 

method.21 Data analysis was performed using SAS Version 9.4 (SAS Institute; Cary, North 

Carolina).

Results

Seventy-three (9.7%) of 751 patients with adult-onset strabismus were diagnosed with 

distance esotropia during the 20-year study period. The age- and gender-adjusted annual 

incidence rate for age-related distance esotropia was 5.8 (95% confidence interval 4.4–7.1) 

per 100,000 residents per year for those 19 years of age or older. Table 1 shows the historical 

and initial clinical characteristics of the study cohort. ARDET presented at a mean age of 70 

years (range, 19 to 93 years), was more common among women (p=0.007), and 60 (82.2%) 

had symptoms of diplopia. The mean initial deviation was 7.6 PD (range, 2 to 20 PD ET) 

at distance and 0.4 PD (range, −10 PD exophoria to 12 esotropia) at near. Among the 9 

(12.3%) patients aged < 40 years, the mean initial deviation at distance was 10 PD (range, 

4 to 20 PD ET) and at near was 5.4 PD of esodeviation (range, 0 to 12 PD ET). While 

18 (24.7%) patients had an initial exodeviation at near, none of the patients less than 40 

years had an exodeviation at near. Forty-four (60.2%) of the patients had 6 PD or more of 

esodeviation at distance, while 23 (31.5%) patients had less than 6 PD and 6 (8.2%) had less 

than 4 PD at the initial presentation. Of the 6 patients with less than 4 PD of esodeviation 

at the time of presentation, all were noted to be symptomatic with diplopia at distance. A 

number of ocular and systemic comorbidities were observed among the 73 patients at the 

time of their diagnosis of distance esotropia as shown in Table 2. The most common ocular 

co-morbidity was macular degeneration, reported in 17 (23.3%), while arterial hypertension 

was observed in 37 (50.7%) and heart disease in 26 (35.6%).

Fifty-four patients (74.0%) were initially treated with prism glasses while the remaining 19 

(26.0%) were observed without treatment. During a mean follow-up of 99 months (range, 

0 to 312 months), 17 (23.2%) patients had an increase in their distance esotropia by 6 

or more prism diopters. The Kaplan-Meier rate of increasing by 6 or more PD occurred 

in 4.4% (95% CI 0–10.3 %) by 5 years after diagnosis, 24.9% (95% CI 10.5–39.3%) by 

10 years, and 50.2% (95% CI 30.9–69.6%) by 15 years, as shown in the Figure. Seven 

patients (9.6%) clinically resolved and no longer complained of diplopia or required prism 

correction. Among these seven patients, the mean age at onset was 58 (range, 19 to 83 

years) and the mean initial deviation at distance was 5.4 PD (range 4 to 7 PD ET) and 

0.3 PD (range, −5 PD exophoria to 5 esotropia) at near. Ten (13.7%) patients eventually 

underwent a variety of extraocular muscle surgeries at an average age of 61.8 years (range, 

25 to 92). Among these, 5 (6.9%) patients had bilateral medial rectus recessions, 2 (2.7%) 

had unilateral recession/resection, 2 (2.7%) had single lateral rectus resections, and the 

remaining patient had a bilateral lateral rectus resection (n=1). Following surgery, 5 patients 

had a recurrence of esotropia managed with prism glasses, 3 remained stable, 1 developed 

convergence insufficiency and hypertropia, and 1 developed a skew deviation following 

brain radiotherapy.
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Discussion

In this population-based cohort of adults diagnosed with new-onset strabismus over a 20-

year period, age-related distance esotropia comprised approximately 1 in 10 new diagnoses. 

The patients were predominantly female in the seventh decade of life and half had an 

increase of their distance esotropia after 15 years of observation.

Comparable studies on the clinical characteristics and natural history of ARDET are 

essentially non-existent, with no known prior population-based studies. In a retrospective 

review from a single institution, El-Sahn22 and colleagues reported a 21.6% prevalence 

of esotropia among adults over age 60 with strabismus. Similarly, Repka and Coleman23 

reported a 22% prevalence of esotropia among Medicare beneficiaries with strabismus. 

However, neither of these studies provided information on the prevalence or characteristics 

of specific sub-types of esotropia, including ARDET.

The clinical features of patients with ARDET in this report are similar to prior studies. An 

older age at presentation observed in this cohort has been previously reported1,5–8,14,18 and, 

while some small case series have observed equal gender ratios,2,5,6,13 larger studies have 

found a greater proportion of females affected by ARDET,1,14,18,24 including Repka and 

Downing7 who reported a 61% female predominance in a series of 85 patients. Although 

an association between increased axial length in myopic patients and ARDET has been 

proposed,25 prior series have been comprised of mostly myopes,24 mostly hyperopes,2 

or a similar proportion of both.18 Among the phakic patients in this study, 48.0% were 

hyperopic, 31.5% were myopic, and the remainder had mixed astigmatism or emmetropia. 

Although six of the patients in this study had high myopia (>6.00 D), none were believed 

to have progressive esotropia due to high myopia,26 an entity with different clinical findings 

and surgical implications.27–29

Multiple hypotheses have been proposed to explain the etiology of ARDET. Lyle has 

suggested that a microvascular compromise affecting the ‘divergence center’ in the midbrain 

as the etiology.12 Many patients in this cohort had medical co-morbidities associated 

with microvascular compromise, including hypertension and diabetes mellitus; however, 

without a control group it is not possible to establish such an association. The theory of 

microvascular compromise as an etiology of ARDET lacks evidence in the literature and 

warrants further study. Progressive addition lenses were recently reported to be associated 

with this condition, with improper use suggested to cause medial rectus muscle shortening 

as a mechanism for divergence insufficiency.30 Age-related changes and mechanical 

perturbations such as a decrease in fusional divergence amplitudes,6,31 loss of medial rectus 

elasticity,9 and peripheral muscle abnormalities,10,11 have also been proposed as causes of 

ARDET. Demer and colleagues have suggested that age-related laxity of the band between 

the superior rectus and lateral rectus muscle pulleys are implicated in the development of 

ARDET.10 Should age-related orbital changes be the exclusive etiology of ARDET, one 

would not expect patients to have clinical improvement over time. While uncommon, nearly 

10% of this study cohort experienced clinical resolution.
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The natural course of this form of adult strabismus has been reported to be variable. 

Some investigators have suggested that the disease remains stable,6 while others have 

reported spontaneous resolution.5 Recently, Godts et al18 reported an increase in the 

distance esodeviation of 2 PD by 5-years of follow-up. Our data indicate that half the 

patients progressed within 15 years of diagnosis. Although this population-based cohort 

had 7 patients (9.6%) who clinically resolved and no longer complained of diplopia or 

required prism correction, the majority of patients remained stable or demonstrated an 

increase in their angle of deviation. Age-related distance esotropia has generally been 

treated conservatively, most often with prism management.1–3,7,18 Patients in this study 

were managed similarly with 54 (74.0%) treated initially with prisms and 19 (26.0%) with 

simple observation. Ten patients eventually underwent extraocular muscle surgery, of which 

approximately half developed recurrent esotropia.

There are several limitations to the findings of this study. Its retrospective design is 

limited by non-standardized and incomplete data collection. Second, this investigation was 

performed in a racially homogenous population in a single geographic area. Extrapolating 

the findings from this study to groups not represented within our community is problematic. 

Finally, the angle of deviation in some patients was measured using maddox-rod 

measurements which may differ from prism and alternate cover testing, and may adversely 

affect the assessment of progression over time. Nevertheless, their use did not affect the 

accuracy of the diagnosis, which was confirmed over multiple visits for most patients.

The findings from this population-based cohort suggest that age-related distance esotropia 

is relatively common, occurring in approximately 1 in 10 adults with new-onset strabismus. 

Most patients were females in the seventh decade of life. Hypertension and cardiovascular 

disease were relatively common in these patients and one half demonstrated an increase in 

their angle of deviation after 15 years of observation.
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Figure. 
Kaplan-Meier rate of 73 adults with age-related distance esotropia increasing by 6 prism 

diopters or more over time (years)
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Table 1.

Historical and initial clinical characteristics of 73 patients diagnosed with age-related distance esotropia in 

Olmsted County, MN from 1985 through 2004

Patient Characteristic Number

Mean age at onset of symptoms (range) 70 years (19 to 93 years)

 Median age (standard deviation) 74 years (± 18 years)

 Age 19 through 39 years (%) 9 (12.3)

 Age 40 through 59 years (%) 6 (8.2)

 Age 60 years and older (%) 58 (79.5)

Gender (%) 48 females (65.8)

Diplopia at presentation (%) 60 (82.2)

Mean strabismic deviation at distance (Range) 7.5 PD ET (2 to20)

Mean strabismic deviation at near (Range) 0.5 PD ET (10PD XT to 12PD ET)

Difference between distance and near deviation (Range) 6.9 PD ET (1 to 16)

XT = exotropia, ET = esotropia
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Table 2.

Observed ocular and systemic comorbidities among 73 adults with age-related distance esotropia

Ocular diagnoses Number of patients (%)

 Age related macular degeneration 17 (23.3)

 High myopia 6 (8.2)

 Corneal dystrophy 6 (8)

 Glaucoma 5 (6.9)

 Retinal detachment 2 (2.7)

 Epiretinal membrane 2 (2.7)

 Retinal detachment with scleral buckle 2 (2.7)

Systemic Diseases

 Hypertension 37 (50.7)

 Coronary/heart disease 26 (35.6)

 Hyperlipidemia 9 (12.3)

 Thyroid disease 7 (9.6)

 Diabetes mellitus 6 (8.2)

 History of stroke 6 (8.2)

 History of radiation 2 (2.7)
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