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Purpose: To measure the COVID-19 pandemic impact on missed ophthalmology clinic 
visits and the influence of patient and eye disease characteristics on likelihood of missing 
clinic visits before and during the pandemic.
Patients and Methods: A retrospective observational study analyzing eye clinic patients at 
a large tertiary care academic institution. We identified patients scheduled for eye care during 
pre-COVID-19 (January 1–February 29, 2020) and early COVID-19 (March 16–May 31, 
2020) time periods. Missed appointment frequency and characteristics were evaluated during 
each time period. Multivariable logistic regression models were developed to examine 
adjusted odds of having at least one missed appointment during a given time period. 
Covariates included age, sex, race/ethnicity, marital status, preferred language (non-English 
vs English), insurance, distance from clinic, and diagnosis.
Results: Overall, 82.0% (n = 11,998) of pre-COVID-19 patients completed all scheduled 
visits, compared to only 59.3% (n = 9020) during COVID-19. Missed visits increased 
dramatically in late March 2020, then improved week by week through the end of 
May 2020. General ophthalmology/cataract and strabismus clinics had the highest rates of 
missed clinic visits during the COVID-19 period; neuro-ophthalmology, retina, cornea, 
oculoplastics and glaucoma had the lowest. Females, Blacks, Hispanics, Asians, ages 50+, 
and married patients had higher adjusted odds of missing clinic visits, both pre-COVID-19 
and during COVID-19. Asian, elderly, and cataract patients had the highest adjusted odds of 
missing clinic visits during COVID-19 and had significant increases in odds compared to 
pre-COVID-19. Non-married, diabetic macular edema, and wet age-related macular degen-
eration patients had the lowest adjusted odds of missed visits during COVID-19.
Conclusion: Missed clinic visits increased dramatically during the COVID-19 pandemic, 
particularly among elderly and nonwhite patients. These findings reflect differences in eye 
care delivery during the pandemic, and they indicate opportunities to target barriers to care, 
even during non-pandemic eras.
Keywords: COVID-19, healthcare utilization, disparities

Introduction
The COVID-19 pandemic has brought significant stress to the US healthcare 
system, impacting patients’ abilities to access urgent and elective care, and decreas-
ing volumes of surgeries, hospital admissions, and clinic visits.1–3 To reduce risks 
for COVID-19 transmission and to conserve hospital resources, many regions 
implemented restrictions on population movement (“shelter-in-place” orders) and 
restrictions on elective care early in the pandemic,4 and patients likewise cancelled 
or deferred clinical care. On March 18th 2020, the American Academy of 
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Ophthalmology issued guidance “that all ophthalmologists 
cease providing any treatment other than urgent or emer-
gent care immediately”.5

With a high volume of elective procedures, ophthal-
mology has been reported to be one of the fields most 
impacted by COVID-19, losing 81% of patient volume in 
March and April of 2020.6 Since the start of the COVID- 
19 pandemic, the ophthalmology community has been 
closely monitoring and discussing the impact of the pan-
demic on ophthalmology care, anticipating and reacting to 
changes in virtual care, elective surgery restrictions, and 
non-physician provider regulations.1 Around the world, 
ophthalmologists have reported a 56% drop in cornea 
transplants in Italy and cataract surgeries were postponed 
for three months at Moorfield’s Eye Hospital.7,8 As the 
ophthalmology community continues to balance providing 
care with mitigating risk to patients and providers, it is 
important to understand possible disproportionate impacts 
on care for different patient populations.9 For example, job 
losses related to COVID-19 and economic turmoil have 
hindered patients’ access to health insurance and other 
resources,10 especially patients of racial and ethnic 
minorities.11 Although several news and academic publi-
cations have made qualitative observations and projections 
on the impact of COVID-19 in ophthalmology,12,13 few 
have conducted detailed quantitative analyses on patient 
care and patient outcomes. Here we investigate the mag-
nitude of missed clinic visits, focusing on patient and 
disease characteristics associated with missing visits in 
the earliest phases of the pandemic, corresponding to the 
time period of strictest initial restrictions. We use data 
from a large tertiary care academic institution in 
California, one of the states most affected by COVID-19.

Methods
Cohort
We evaluated adult patients receiving care at the Byers Eye 
Institute at Stanford University School of Medicine, a large 
tertiary care academic institution in California. Santa Clara 
County, where the Byers Eye Institute is located, issued 
shelter in place orders on March 17th, 2020,14 and 
California issued state-wide shelter in place orders on 
March 19th, 2020.15 All elective clinical care was deferred 
per policy between the week of March 16, 2020, and reo-
pened formally May 4, 2020, and many patients also self- 
cancelled or deferred scheduled clinic visits.16 We used these 
dates to identify patients scheduled for care between 

March 16th, 2020 (California’s first shelter-in-place) and 
May 31st 2020 (“COVID-19 period”), as well as those 
scheduled for care between January 1st and February 29th 
2020 (“pre-COVID-19 period” for comparison). Within each 
respective time period, clinical data on both completed and 
missed clinic visits were collected from the Stanford electro-
nic health record (Epic Systems, Verona, Wisconsin). The 
study was approved by Stanford’s IRB, consent was obtained 
by all participants, and the guidelines outlined in the 
Declaration of Helsinki were followed.

Patient Characteristics
Patient characteristics were collected using the Stanford 
Research Repository (STARR)17 Clinical Data Warehouse, 
including age, gender, race/ethnicity, insurance type, mar-
ital status, and address. Patient zipcode was used to calcu-
late the approximate home-to-clinic commute time using 
the Google Maps API18 and also the approximate socio- 
economic-status using average zipcode household incomes 
as determined by 2018 Internal Revenue Service (IRS) 
data.19 For patients who were seen for at least one clinic 
visit during the COVID-19 or pre-COVID-19 time peri-
ods, ophthalmic disease diagnoses were determined by the 
diagnosis codes associated with the clinic visits. For 
patients who had no completed clinic visits during 
a given time period, diagnoses were determined from the 
three most recent ophthalmology clinic encounters. 
Common diagnoses were grouped into broad categories 
as follows: diabetic macular edema (DME), diabetic reti-
nopathy (DR), wet age-related macular degeneration (wet 
AMD), dry or unspecified AMD, cataract, glaucoma, and 
pseudophakia or aphakia (Supplemental Table 1); all other 
diagnoses were not analyzed separately. Patients with mul-
tiple diagnoses would be included in multiple categories.

Clinic Visit Characteristics
A missed clinic visit was defined as a cancelled, resched-
uled or no-show clinic visit with failure to complete at 
least one originally scheduled visit within 7 days of that 
original date. We allowed a seven-day window for clinic 
visit completion because many ophthalmology providers 
consolidated clinic sessions into a smaller number of clinic 
days each week during the COVID-19 period, and most 
rescheduled visits occurred within 7 days of the initial 
missed appointment (Supplemental Figure 1). Thus, 
a patient was considered to have completed all clinic visits 
if they completed a visit within a week of each scheduled 
visit (including in-person as well as face-to-face visits), 
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and a clinic visit was considered to be “missed” if it was 
not rescheduled and completed within one week. Visits 
were counted as completed even if originally scheduled 
as face-to-face but completed as telehealth visits. 
Characteristics of missed clinic visits included whether 
or not a miss that occurred during the COVID-19 period 
was documented as due to a COVID-19-related reason (eg, 
patient illness or fear of transmission). This was deter-
mined through manual review of the missed clinic visit 
reports, which provided codes indicating these character-
istics as well as free-text notes made by the staff person 
who cancelled the appointment. The type of clinic visit 
(new patient visit versus returning patient visit) and the 
ophthalmology provider subspecialty were also obtained.

Statistical Analysis
The main outcome of interest was whether a patient completed 
all scheduled clinic visits or missed at least one clinic visit in 
each respective time period (COVID-19 and pre-COVID-19). 
We examined the association of patient and clinic encounter 
characteristics with missed clinic visits. All statistical analyses 
were conducted using Python 3.0 (Python Software 
Cooperation, Wilmington, DE, USA). Chi-squared tests were 
used to compare categorical variables and t-tests were used for 
continuous variables. Multivariable logistic regression analy-
sis was used to examine the impact of patient characteristics on 
adjusted odds of having at least one missed appointment vs no 
missed appointments (out of all patients who ever had an 
appointment scheduled during a given time period). 
Covariates included age, gender, race/ethnicity, marital status, 
preferred language (non-English vs English), type of insurance 
(Medicare, Medicaid, private, other), distance from the clinic, 
and diagnosis. In aggregate logistic regression analysis across 
both time periods, we evaluated an interaction term for each 
covariate interacted with time period, to assess whether each 
of the above covariates had a differential effect on missing 
clinic visits during COVID-19 vs pre-COVID time periods. 
Since multiple interaction terms were significant, we stratified 
our regression analyses into COVID-19 and pre-COVID 
-19 periods to measure the respective effect of each predictor 
on odds of missing at least one clinic visit during each period.

Results
Patient Characteristics and Timeline of 
Missed Clinic Visits
In the January 1-February 29, 2020 pre-COVID period 
(including holiday weeks), 14,635 unique patients were 

seen over 44,153 visits (91.6% of scheduled visits), with 
4057 missed clinic visits recorded (8.4% of scheduled 
visits). By contrast, in the March 16-May 31, 2020 
COVID period, 15,224 unique patients were seen over 
33,919 visits (76.5% of scheduled visits), with 10,412 
missed clinic visits recorded (23.5% of scheduled visits). 
Collapsing the data analysis from unique visits to unique 
patients, characteristics of patients who completed all 
scheduled visits (“Completed Visits”) or had at least one 
missed visit not rescheduled within 7 days (“Missed 
Visits”) are described in Table 1. Overall, 82.0% (n = 
11,998) of patients in the pre-COVID-19 period completed 
all scheduled visits (18.0% had at least one missed 
appointment), whereas 59.3% (n = 9020) of patients dur-
ing the COVID-19 period completed all scheduled visits 
(40.7% had at least one missed appointment) (Table 1).

Missed clinic visits began trending upward on 
March 2nd and peaked on the week of March 23rd 
(Figure 1A), when only 490 visits (22.4% of scheduled 
visits) were completed. The completion rate then increased 
from March 23rd to May 31st, a week in which 995 visits 
(55.9% of scheduled visits) were completed. Among all 
specialties, general ophthalmology/cataract and strabismus 
clinics had the lowest completion rates during the COVID- 
19 period; neuro-ophthalmology, retina, cornea, oculoplas-
tics and glaucoma had the highest completion rates 
(Figure 1A). Completion rates of new and return patients 
were similar (Figure 1B). Among all 15,703 total missed 
visits (which included some patients with multiple missed 
visits), 9308 (59.3%) had documented reasons for missing 
visits. COVID-19 was the reason for 61.7% of all missed 
visits in March, 89.6% of those in April, and 80.0% of 
those in May (Figure 2).

Patient Factors Associated with Missed 
Visits
In the pre-COVID-19 time period, black race was asso-
ciated with the highest frequency of missed appointments 
compared to other patient characteristics (26.0% of black 
patients had at least one missed appointment). However, 
during the COVID-19 time period, Asian patients had 
highest percentage of missed appointments (51.3% of 
Asian patients had at least one missed appointment). 
Among patients with reported race/ethnicity, Hispanic 
patients had the lowest frequency of missed appointments 
in both pre-COVID-19 (16.3%) and COVID-19 (34.8%) 
time periods. Asian, married, and Medicare-insured 
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Table 1 Characteristics of Patients in the Pre-COVID-19 and COVID-19 Time Periods Based on Missed Visit Statusa

Pre-COVID-19 
Period

COVID-19 
Period

Difference in % 
Missed Visits

Tests of Statistical Significance

Missed Visits in Pre- 
COVID-19 vs COVID- 
19 Periodc

Completed vs 
Missed Visits in 
COVID-19 Periodd

N (%) of Patients 
with No Missed 
Visitsb

N (%) of 
Patients with 
No Missed 
Visitsa

COVID-19 Period 
vs Pre-COVID-19 
Period

p-value p-value

Total 14,635 (81.98%) 15,224 (59.25%) −22.73%

Sex <0.001 0.242

Male 6268 (83.77%) 6747 (61.39%) −22.38%

Female 7687 (80.84%) 8175 (56.43%) −24.41%

Missing 679 (78.35%) 299 (88.29%) 9.94%

Race/Ethnicity <0.001 0.003

White 5098 (82.29%) 5401 (55.99%) −26.3%

Black 361 (73.96%) 392 (54.59%) −19.37%

Asian 3242 (79.73%) 3402 (48.71%) −31.03%

Hispanic 2178 (83.75%) 2344 (65.23%) −18.52%

Other 1602 (78.71%) 1651 (55.91%) −22.81%

Missing 2154 (86.63%) 2034 (82.25%) −4.38%

Age <0.001 <0.001

Age <50 years 5426 (87.08%) 5980 (75.37%) −11.71%

Age 50–64 years 2761 (76.35%) 2840 (51.06%) −25.29%

Age 65–74 years 2800 (78.82%) 2876 (45.9%) −32.92%

Age 75–84 years 2036 (81.53%) 2240 (45.85%) −35.68%

Age 85+ years 933 (82.1%) 989 (45.7%) −36.4%

Language 0.401 0.107

English 12,038 (81.91%) 12,914 (58.84%) −23.07%

Other 1906 (83.95%) 1991 (57.81%) −26.14%

Missing 691 (77.86%) 319 (84.95%) 7.09%

Married <0.001 0.029

Married 7024 (79.9%) 7204 (49.15%) −30.74%

Not married 6920 (84.54%) 7700 (67.58%) −16.95%

Missing 691 (77.57%) 320 (85.94%) 8.37%

Diagnosis <0.001 0.089

DME 477 (79.45%) 559 (54.92%) −24.54%

Wet AMD 409 (77.75%) 455 (53.19%) −24.56%

(Continued)
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Table 1 (Continued). 

Pre-COVID-19 
Period

COVID-19 
Period

Difference in % 
Missed Visits

Tests of Statistical Significance

Missed Visits in Pre- 
COVID-19 vs COVID- 
19 Periodc

Completed vs 
Missed Visits in 
COVID-19 Periodd

N (%) of Patients 
with No Missed 
Visitsb

N (%) of 
Patients with 
No Missed 
Visitsa

COVID-19 Period 
vs Pre-COVID-19 
Period

p-value p-value

Dry/Unspecified 

AMD

909 (79.21%) 1042 (43.28%) −35.93%

Cataract 3816 (78.85%) 4587 (42.66%) −36.19%

Pseudophakia or 
Aphakia

2177 (80.02%) 2748 (44.32%) −35.7%

Cataract 3816 (78.85%) 4587 (42.66%) −36.19%

Glaucoma

Mild glaucoma 411 (80.29%) 531 (45.95%) −34.34%

Moderate glaucoma 520 (82.69%) 627 (50.08%) −32.61%

Severe glaucoma 444 (79.5%) 567 (49.56%) −29.95%

Unspecified 

glaucoma

986 (82.45%) 1152 (51.48%) −30.98%

Diabetic retinopathy

Mild DR 171 (79.53%) 230 (44.78%) −34.75%

Moderate DR 73 (82.19%) 105 (54.29%) −27.91%

Severe DR 52 (75.0%) 66 (48.48%) −26.52%

Proliferative DR 188 (75.53%) 222 (55.41%) −20.13%

Distance from Clinic <0.001 <0.001

< 20km 4707 (84.49%) 4961 (55.84%) −28.66%

20–49km 5190 (80.92%) 5566 (57.1%) −23.83%

50–149km 2610 (81.38%) 2900 (63.83%) −17.55%

150–299km 863 (80.76%) 895 (65.81%) −14.95%

> 300km 514 (79.38%) 520 (59.62%) −19.76%

Insurance <0.001 <0.001

Private 5138 (82.74%) 5696 (64.33%) −18.41%

Medicare 4852 (80.36%) 5207 (46.36%) −34.0%

Medicaid 2316 (85.06%) 2513 (72.54%) −12.52%

Other 218 (76.61%) 227 (56.83%) −19.78%

Income <0.001 <0.001

<$20,000 2215 (83.75%) 2358 (57.08%) −26.66%

(Continued)
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patients had the greatest increase in missed appointments 
between pre-COVID-19 to COVID-19 periods, as did 
patients who had lower-urgency ophthalmic comorbidities 
(eg, cataract, dry AMD, mild glaucoma or diabetic retino-
pathy). During the pre-COVID-19 period, different age 
groups had similar missed visit frequencies (12.92– 
23.65%); however, during COVID-19, the missed fre-
quency varied dramatically between <50-year-old patients 
(24.63%) and 85+ patients (54.3%) (Table 1).

Similarly, in multivariable logistic regression analysis 
(Table 2), Asians, older adults, and cataract patients had 
the highest adjusted odds of missed visits during the 
COVID-19 period (OR 1.67, 95% CI 1.52–1.83, p < 
0.001, for Asian compared to white patients; OR 2.62; 
95% CI 2.17–3.15, p < 0.001 for adults ≥85 years old 
compared to patients ≤50 years old; OR 1.73, 95% CI 
1.56–1.91, p < 0.001 for cataract patients compared to 
those without a cataract diagnosis). DME and wet AMD 
diagnoses had the lowest adjusted odds of missed visits 
during COVID-19 (OR 0.77, 95% CI 0.61–0.98, p = 0.032 
for DME patients compared to those without DME; OR 
0.72, 95% CI 0.57–0.91, p = 0.005 for wet AMD patients 
compared to those without wet AMD).

Compared to white patients, those of nonwhite race/eth-
nicity had consistently higher odds of missed visits in both 
pre-COVID-19 and COVID-19 periods, as did older adults 
(>50 years of age compared to those 50 years old and 
younger) and female patients (Table 2). Married patients 
and those with a cataract diagnosis were also more likely to 
miss visits across both time periods. Some clinical diagnoses 
were only statistically significant in the COVID-19 time 

period, with lower odds of missed visits among patients 
who carried a DME diagnosis and increased odds among 
those with a dry AMD, pseudophakia/aphakia, and/or patho-
logic myopia diagnosis. Medicaid patients were less likely to 
miss visits during both the pre-COVID-19 and COVID- 
19 period. English speakers were less likely to miss visits 
pre-COVID-19; however, were more likely to do so during 
the COVID-19 period. Patient distance from clinic was only 
statistically significant in the pre-COVID-19 period, with 
increasing odds of missed visits for patients who lived further 
away from the clinic. Distance did not have a statistically 
significant effect during the COVID-19 period. Income did 
not have a statistically significant association with odds of 
missed visits in either time period (Table 2). The severity of 
glaucoma and diabetic retinopathy did not correlate to the 
odds of missing visits during the pre-COVID-19 or COVID- 
19 period.

There were significant interaction effects between Asian 
race/ethnicity, marital status, older age, cataract diagnosis, 
and pathologic myopia, respectively, with pre-COVID-19/ 
COVID-19 time period, indicating that patients were more 
likely to miss clinic visits during both pre-COVID-19 and 
COVID-19 periods, but with greater magnitude during the 
COVID-19 period. Wet AMD also had a significant inter-
action with time period; however, wet AMD patients were 
less likely to miss visits during the COVID-19 time period 
compared to pre-COVID-19.

Discussion
In this analysis of ophthalmology patient visits at a large 
tertiary-care academic medical center in California, we 

Table 1 (Continued). 

Pre-COVID-19 
Period

COVID-19 
Period

Difference in % 
Missed Visits

Tests of Statistical Significance

Missed Visits in Pre- 
COVID-19 vs COVID- 
19 Periodc

Completed vs 
Missed Visits in 
COVID-19 Periodd

N (%) of Patients 
with No Missed 
Visitsb

N (%) of 
Patients with 
No Missed 
Visitsa

COVID-19 Period 
vs Pre-COVID-19 
Period

p-value p-value

$20,000–$49,999 6190 (82.29%) 6633 (57.35%) −24.94%

$50,000–$99,999 4193 (80.87%) 4444 (60.26%) −20.61%

$100,000+ 1029 (82.99%) 1129 (65.63%) −17.36%

Notes: Income. aPatients who had multiple missed visits during each period are reported only once in this table. bPercentages are reported out of all patients with scheduled 
visits in a given time period. Evaluated percentage of all patients with scheduled visits who completed all visits within 7 days of the original scheduled date(s) (ie, no missed 
visits). Pre-COVID-19 time period is 1/1/2020-2/29/2020; COVID-19 is 3/16/20-5/31/20. cComparison of % missed visits between time periods (pre-COVID-19 versus 
COVID-19), based on chi-squared. dComparison of % missed visits vs % completed visits within COVID-19 time period, based on chi-squared. 
Abbreviations: DME, diabetic macular edema; AMD, age-related macular degeneration; DR, diabetic retinopathy.
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evaluated missed visits during pre-COVID-19 (1/1/2020- 
2-29/2020) and COVID-19 (3/16/20-5/31/20) time peri-
ods. 40.7% of patients missed at least 1 clinic visit during 
the COVID-19 period, compared to 18.0% of patients in 
the pre-COVID-19 period. Clinics with general ophthal-
mology/cataract and strabismus specialists had the highest 
rates of missed visits during the COVID-19 period. Odds 

of missing visits in pre-COVID-19 and COVID-19 time 
periods differed based on patient characteristics. Older, 
nonwhite, female, married, and patients carrying 
a cataract diagnosis were more likely to miss visits, espe-
cially during the COVID-19 period. Wet AMD and DME 
patients were less likely to miss visits in the COVID- 
19 period, and although living further away from the clinic 

Figure 1 Timeline of completed and cancelled appointments in 2021. (A) The percentage of weekly appointments cancelled by specialty. (B) The percentage of weekly 
appointments cancelled by visit type (return or new).
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was associated with higher odds of missed visits pre- 
COVID-19, it ceased to be significant when accounting 
for other variables in the COVID-19 period.

The rise in missed visits began a few days after 
California’s first state-wide shelter-in-place, which took 
effect on March 16, 2020. Missed visits increased drama-
tically in late March 2020, peaking at 78.0% of visits, and 
subsequently improved week by week through the end of 
May, although still not reaching the lower levels seen pre- 
COVID-19. This decreasing frequency of missed visits 
likely represented a combination of increased patient and 
provider comfort with clinic adaptations to providing care 
(eg, masking and distancing protocols), potential for harm 
from continued deferral of eye care, and fewer scheduled 
visits overall (ie, emphasizing essential care when sche-
duling patients). Consistent with this hypothesis, the cited 
reason for missed visits in April was almost always 
COVID-19 (89.6%), which became less common in May.

Missed visits occurred across all subspecialties, but 
increased most dramatically in clinics for general, cataract, 
and strabismus providers. This finding reflects a greater abil-
ity to defer care in these areas and is consistent with reports 
from pre-COVID-19 studies.20 The breakdown by subspeci-
alty suggests that patients with more time-sensitive pathology 
and potential for irreversible vision loss (eg, retina, cornea, 
and glaucoma) had fewer missed clinic visits. This was seen 
internationally with a decrease in corneal transplants in Italy 
and a decrease in cataract surgeries in London.7,8 

Recognition of the potential for harm from missed visits 
may have offset the perceived risk of COVID-19 transmis-
sion. We were surprised to find that missed visit rates 
between new and returning patients were remarkably similar.

Female patients had higher adjusted odds of missing visits, 
both pre-COVID-19 (13% greater than males) and during 
COVID-19 (23% greater than males). The higher rate of 
missed visits in women is concerning given their historically 

Figure 2 Reason for cancelled appointments during COVID-19 time period.
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Table 2 Multivariable Logistic Regression for Odds of Missing at Least One Scheduled Clinic Visit During Pre-COVID-19 and COVID- 
19 Time Periods

Pre-COVID-19 Time Perioda COVID-19 Time Periodb Significance of 
Interaction 
with Time 
Period (pre- 
COVID-19 vs 
COVID)c

Odds Ratio (95th CI) p-value Odds Ratio (95th CI) p-value p-value

Female (Ref=Male) 1.13 (1.04–1.24) 0.004 1.23 (1.15–1.32) <0.001 0.166

Race (Ref=White)

Black 1.76 (1.37–2.27) <0.001 1.51 (1.21–1.88) <0.001 0.356

Asian 1.25 (1.12–1.40) <0.001 1.67 (1.52–1.83) <0.001 <0.001

Hispanic 1.03 (0.89–1.19) 0.670 1.31 (1.17–1.46) <0.001 0.011

Other 1.35 (1.17–1.55) <0.001 1.41 (1.26–1.58) <0.001 0.618

Age (Ref=<50 years)

50–64 years 1.76 (1.55–1.99) <0.001 2.13 (1.92–2.36) <0.001 0.021

65–74 years 1.5 (1.28–1.76) <0.001 2.29 (2.01–2.60) <0.001 <0.001

75–84 years 1.26 (1.05–1.52) 0.013 2.31 (1.99–2.68) <0.001 <0.001

≥85 years 1.21 (0.96–1.53) 0.111 2.62 (2.17–3.15) <0.001 <0.001

English preferred language 

(Ref=Non-English 

preferred language)

0.86 (0.76–0.98) 0.019 1.12 (1.01–1.25) 0.036 0.002

Married (Ref=Not 

married)

1.07 (0.97–1.18) 0.160 1.39 (1.28–1.50) <0.001 <0.001

DME (Ref=no DME) 0.88 (0.64–1.21) 0.424 0.77 (0.61–0.98) 0.032 0.527

Wet AMD (Ref = no wet 

AMD)

1.34 (1.01–1.78) 0.046 0.72 (0.57–0.91) 0.005 0.001

Dry AMD (Ref=no dry 

AMD)

1.07 (0.87–1.32) 0.515 1.25 (1.07–1.47) 0.006 0.248

Cataract (ref = no 

cataract)

1.18 (1.04–1.34) 0.011 1.73 (1.56–1.91) <0.001 <0.001

Pseudophakia/Aphakia 

(Ref=no pseudophakia or 

aphakia)

1.06 (0.90–1.25) 0.500 1.3 (1.15–1.48) <0.001 0.052

Pathologic Myopia 

(Ref=no pathologic 
myopia)

0.93 (0.72–1.20) 0.579 1.47 (1.22–1.77) <0.001 0.004

Multiple diagnoses 0.96 (0.77–1.20) 0.722 0.81 (0.69–0.95) 0.011 0.214

(Continued)
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higher rates of visual impairment,21 although we did not con-
firm greater female visual impairment in our study population. 
We speculate that these findings may reflect factors such as 
additional child care responsibilities, caregiving responsibil-
ities, and/or lack of a caregiver to assist with visit reminders 

and transportation since women are more likely to survive 
their spouses and live alone.22,23 Of note, however, married 
patients had higher odds of missed visits both before COVID- 
19 (7% higher) and during COVID-19 (39% higher), perhaps 
reflecting competing family responsibilities.

Table 2 (Continued). 

Pre-COVID-19 Time Perioda COVID-19 Time Periodb Significance of 
Interaction 
with Time 
Period (pre- 
COVID-19 vs 
COVID)c

Odds Ratio (95th CI) p-value Odds Ratio (95th CI) p-value p-value

Glaucoma

Unspecified glaucoma 0.97 (0.70–1.35) 0.865 0.98 (0.76–1.26) 0.868 0.973

Mild glaucoma 0.91 (0.66–1.27) 0.595 1.23 (0.98–1.55) 0.079 0.150

Moderate glaucoma 0.79 (0.60–1.05) 0.108 0.93 (0.76–1.14) 0.482 0.362

Severe glaucoma 0.98 (0.76–1.27) 0.875 0.94 (0.77–1.13) 0.492 0.777

Diabetic retinopathy

Mild 0.98 (0.60–1.59) 0.929 1.58 (1.12–2.22) 0.009 0.115

Moderate 0.66 (0.30–1.46) 0.308 0.91 (0.58–1.45) 0.705 0.491

Severe 1.47 (0.65–3.36) 0.358 1.17 (0.60–2.28) 0.640 0.673

Proliferative 1.39 (0.91–2.12) 0.130 1.08 (0.78–1.50) 0.647 0.359

Distance from Clinic (ref=<20km)

20–49km 1.14 (1.02–1.28) 0.017 0.97 (0.89–1.06) 0.555 0.025

50–149km 1.23 (1.08–1.40) 0.002 0.92 (0.83–1.02) 0.121 0.001

150–299km 1.32 (1.09–1.61) 0.005 1.01 (0.86–1.19) 0.889 0.038

> 300km 1.43 (1.14–1.81) 0.002 1.16 (0.96–1.42) 0.131 0.178

Insurance (Ref=private insurance)

Medicare 0.93 (0.81–1.07) 0.334 1.05 (0.94–1.17) 0.399 0.200

Medicaid 0.8 (0.69–0.92) 0.003 0.8 (0.71–0.89) < 0.001 0.959

Other insurance 1.23 (0.89–1.71) 0.208 1.16 (0.87–1.54) 0.310 0.778

Household Income (Ref = <$20,000)

$20,000–$49,999 0.92 (0.82–1.04) 0.188 1.0 (0.91–1.10) 0.919 0.276

$50,000–$99,999 1.0 (0.87–1.14) 0.965 1.0 (0.90–1.11) 0.999 0.974

$100,000+ 0.9 (0.74–1.11) 0.328 0.93 (0.79–1.09) 0.351 0.860

Notes: aPre-COVID-19 time period is 1/1/2020-2/29/2020. bCOVID-19 time period is 3/16/20-5/31/20. cBased on aggregate regression including patients from both time 
periods, with an independent variable for time period (pre-COVID-19 vs COVID-19). This statistic represents the p-value indicating level of statistical significance for an 
interaction term with each listed covariate and the time-period variable. 
Abbreviations: DME, diabetic macular edema; AMD, age-related macular degeneration; CI, confidence interval.
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One of the most striking findings in our analysis points 
to racial/ethnic disparities. White patients had the lowest 
adjusted odds of missed visits both before COVID-19 and 
during COVID-19. Before COVID-19, Blacks had the 
highest odds of missed visits (76% greater than whites), 
likely reflecting well-documented impaired access to care 
in multiple domains.24,25 While Asians had only 25% 
higher adjusted odds of missed visits compared to white 
patients before COVID-19, they had the highest odds 
(67% greater than white patients) during COVID-19. We 
speculate that the greater prevalence of missed visits 
among Asians may have reflected cultural differences, 
more risk-averse behavior, and/or fear of encountering 
racism during the early months of the pandemic.

Prior to COVID-19, patients aged 50–64 years had the 
highest adjusted odds of missed visits (76% higher 
adjusted odds compared to patients 50 years old or 
younger) and patients over age 75 years had approximately 
20% greater adjusted odds of missed visits compared to 
those 50 years or younger. During COVID-19, however, 
the adjusted odds of missed visits were highest for patients 
over age 75 years (over 2-fold increased odds), presum-
ably reflecting heightened concern for greater COVID-19- 
associated morbidity and mortality in older populations.26 

Notably, our pre-COVID-19 results are inconsistent with 
prior studies in other specialties, which found that younger 
adults had higher rates of missed visits.27 Older patients’ 
increased odds of missing visits along with their generally 
more severe morbidity from age-related eye diseases such 
as AMD and glaucoma, points to the importance of target-
ing older adult populations for safe access to care.

We also observed an interesting trend based on the 
distance between a patient’s residential zip code and 
Byers Eye Center. Before COVID-19, patients residing 
further from the clinic had higher adjusted odds of missed 
visits—those 150–299 km and ≥300 km away had 32% 
and 43% higher odds, respectively, consistent with one 
previous report.27 During COVID-19, however, we saw 
no significant difference with respect to distance. To what 
degree this leveling of distance effect on missed visits was 
due to decreased traffic easing more distant patients’ com-
mutes, stricter shelter-in-place orders in the counties clo-
sest to the clinic, or differences in ocular pathology and 
urgency of care will be difficult to differentiate but could 
be evaluated in similar analyses conducted at other centers 
in the future.

While many studies have found that underinsured 
patients generally have higher missed visit rates,28–30 we 

found that patients with Medicaid and other non-private 
insurances did not have significantly different odds of 
missed visits pre-COVID-19. Furthermore, patients with 
Medicaid had lower odds of missed visits during COVID- 
19. These differences may reflect our model accounting for 
additional confounders, and/or other regional factors 
which lower the burden of health-care utilization among 
underinsured patients.

Among common ophthalmic diagnoses evaluated in 
our analysis, wet AMD patients had 34% higher adjusted 
odds of missed visits before COVID-19, but lower 
adjusted odds during COVID-19 (compared to patients 
without wet AMD). This is similar to our clinical specialty 
analysis, which found lower frequency of missed visits in 
retina clinics and is consistent with wet AMD patients 
requiring intravitreal injections as often as every month 
to prevent irreversible vision loss. Interestingly, we did not 
find that patients coded with severe glaucoma or diabetic 
retinopathy had significantly different odds of missed vis-
its compared to patients with mild disease, despite the fact 
that more severe pathology generally requires more fre-
quent monitoring and intervention. These data may reflect 
challenges in communicating disease severity and compli-
ance with treatment,31–33 and they reinforce the need to 
educate patients more explicitly about relative risk.

Our study was limited to a single center, which may 
affect generalizability, particularly as the severity, timing, 
and the response to the pandemic varied across different 
regions. Additionally, our pre-COVID-19 (Jan-Feb 2020) 
time period could be confounded by very early behavioral 
changes from COVID-19 publicity regarding outbreaks 
abroad and our COVID-19 (Mar-May 2020) time period 
focuses on the first local wave of the pandemic. Our 
COVID-19 time period does, however, correlate with the 
strictest lockdown period. We also used structured diag-
nosis codes, which inherently can contain errors. Although 
we manually reviewed patients’ stated reasons for missed 
visits, in some cases these reasons were ambiguous and 
could not be attributed specifically to COVID-19 or non- 
COVID-19 related reasons. We were also unable to reli-
ably distinguish patient-cancelled from provider-cancelled 
/provider-recommended missed visits. However, although 
the institution did restrict elective surgeries during our 
study period—which may have affected missed visits for 
patients who had planned preoperative appointments for 
cataract, for example—there was no department or hospi-
tal-based policy for deferral of clinic appointments during 
this time (instead relying on implementation of safety 
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measures and conversion of face-to-face to telehealth visits 
where appropriate, which we included as completed 
appointments in our analysis). Finally, our study analyzes 
health-care utilization but does not trend outcomes and 
additional research will be needed to see the impact of 
decreased health-care utilization during the first two 
months of the COVID-19 pandemic on visual outcomes.

Future studies should analyze the impact of missed 
visits on long-term visual outcomes of ophthalmology 
patients. For example, it is important to determine whether 
patients who missed scheduled monthly anti-Vascular 
Endothelial Growth Factor (anti-VEGF) injections for 
wet AMD consequently lost central visual acuity, or 
whether glaucoma patients were more likely to progress, 
perhaps in association with decreased adherence to clinic 
visits, monitoring, and/or medication refills. Additionally, 
the impact of COVID-19 on elective and urgent ophthal-
mic surgeries is an important future area of study, for 
example, to identify whether delaying surgery affected 
patients’ quality of life, driving ability, or fall risk.34,35 

The increase in missed visit rates for any patient with 
a diagnosis causing visual impairment should raise con-
cern, as visual impairment is linked to an increase in falls 
and depression and a decrease in independent living and 
obtaining employment.36–39

In conclusion, these data illuminate differences in the 
prioritization of and access to eye care during the pan-
demic. Our findings should inform physicians, hospital 
administrators, and public health authorities on the patients 
most likely to miss visits both before and during the 
COVID-19 period, thereby revealing opportunities to 
address health-care disparities during and after the 
pandemic.
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