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Introduction: The purpose of this study was to determine whether frailty, quantified by an electronic Frailty Index (eFI), was 
associated with the likelihood of receiving surgery or laser treatment in patients with glaucoma.
Methods: Single-center retrospective review of patients presenting with glaucoma who had a calculable eFI. A repeated measures 
multivariable logistic regression model was used to determine the relationship between eFI score and the likelihood of having 
glaucoma surgery, and a multivariable survival model was also created to assess time to glaucoma surgery. Similar models were 
constructed for laser treatment (LT). Models were adjusted for age, race/ethnicity, sex, baseline intraocular pressure, and severity based 
on mean deviation.
Results: A total of 1168 patients (2248 eyes) were included in this study. Glaucoma surgery was significantly more likely among 
those with severe [OR=2.89] or moderate glaucoma [OR=1.89] (p<0.001). Older age (per 10 year increase) was associated with 
a significantly lower likelihood of receiving glaucoma surgery [OR=0.581, p<0.001], longer times to glaucoma surgery [HR=0.719, 
p=0.007], and lower likelihood of LT [OR=0.774, p=0.05]. For every 0.1 unit increase in eFI, indicating greater frailty, there was 
a significantly reduced likelihood of receiving surgical treatment [OR=0.672, p<0.001], longer time to surgery [HR=0.670, p=0.001], 
and lower likelihood of LT [OR=0.725, p=0.010], independent of IOP, glaucoma severity, age, sex, or race.
Conclusion: Increased age and frailty scores are associated with reduced likelihood of receiving glaucoma surgery or LT and longer 
time to glaucoma surgery, even after controlling for baseline IOP and glaucoma severity. Future studies should investigate whether 
frailty impacts surgical outcomes in glaucoma.
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Précis
Greater frailty and older age are associated with lower likelihood of receiving glaucoma surgery or laser therapy and 
longer times to surgical intervention.

Introduction
Glaucoma is a leading cause of irreversible blindness that is estimated to affect 4.2 million people in the United States 
and 57.5 million people worldwide.1,2 Previous research has highlighted the importance of early intervention in limiting 
glaucomatous progression.3 Medications that increase trabecular outflow or reduce aqueous fluid production are the first- 
line therapy, though treatment outcomes often suffer from poor patient adherence.4–6 Laser treatments such as trabecu-
loplasty, iridotomy, and diode cyclophotocoagulation may also be used as adjunctive therapies to lower intraocular 
pressure (IOP).5,7–10 In cases of glaucoma that fail to respond to medical management, surgery is often indicated to lower 
the IOP and decrease risk of progression. Historically, trabeculectomy and tube shunt surgeries have served as the 
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primary surgical procedures for treating glaucoma refractory to medications; however, micro-invasive glaucoma sur-
geries (MIGS) are increasing in popularity due to their safety and low risk profile.11–13

Frailty is a multidimensional pathological condition affecting older individuals that is characterized by decreased 
physiological reserve, resulting in an increased susceptibility to adverse health events.14–17 Among older individuals, 
frailty has been shown to correlate with increased healthcare expenditures and can predict the risk of future 
hospitalization.18–20 Estimates regarding the prevalence of frailty vary. A meta-analysis by O’Caoimh et al21 reported 
a pooled prevalence of 24% in patients evaluated through a frailty index, compared to 12% in studies that measured 
frailty based on phenotypic characterization. In institutionalized populations, up to 68% of patients are estimated to be 
frail.22 As the population ages, the overall prevalence of frailty is expected to increase.23 Previous studies have evaluated 
the association between glaucoma prevalence and patient frailty, as well as disease severity, with some studies suggesting 
a link between frailty and glaucoma risk.24,25 However, limited research describes the influence of frailty on the 
management of glaucoma.

The purpose of this study was to determine whether frailty, as measured by eFI score, was associated with the 
likelihood of receiving incisional glaucoma surgery. Laser treatment was evaluated as a secondary outcome. Since older 
adults who experience frailty may be less inclined to pursue elective treatment and frailty may contribute to the 
perception of greater patient surgical risk, it was hypothesized that higher eFI scores would be associated with a lower 
likelihood of incisional glaucoma surgery and laser treatment.

Methods
Study Design
This was a retrospective, single-center cohort study of adult patients who presented to Wake Forest Baptist Medical 
Center (WFBMC) for treatment of glaucoma between 10/1/2015 and 10/1/2017 and who had a calculable eFI as of 10/1/ 
2017. The starting date was selected to align with our institution’s conversion from ICD-9 to ICD-10 codes on 10/1/2015 
and provided the necessary two-year lookback period to calculate eFI scores utilizing ICD-10 codes from at least two 
outpatient encounters. Wake Forest University Institutional Review Board (IRB) approval was obtained prior to data 
collection (IRB00079324) and the research process adhered to the standards put forward in the Declaration of Helsinki. 
A waiver of informed consent was obtained due to the retrospective nature of the study.

Patient Selection and Data Collection
ICD-10 codes H40.0–H40.9 were queried to identify patients with glaucoma. Patient charts and testing were then 
manually reviewed to determine if patients had glaucomatous optic neuropathy and the presence of a reproducible 
glaucomatous visual field defect. Individuals were excluded from the study if they did not have a reproducible visual 
field, a diagnosis of glaucoma, experienced less than two years of follow-up from the date of initial presentation, or 
lacked a calculable eFI. Patients with ocular hypertension or who were listed as “glaucoma suspect” were not included in 
this study. Follow-up appointments included any clinic visits with ophthalmologists within the Wake Forest Baptist 
Health system or satellites whose notes were available in the EMR.

Baseline demographic and ocular characteristics were collected from patient charts, including age, sex, race, baseline 
intraocular pressure (IOP), and prior glaucoma surgeries. Baseline glaucoma stage was categorized using mean deviation 
(MD) from Humphrey visual fields (Zeiss Meditec, Inc).: mild (MD ≥ −6 dB), moderate (MD: −6.01 to −12 dB), and 
severe (MD < −12).26

Numerous tools have been developed in an attempt to operationalize frailty.14 However, these models often rely on 
self-reported patient data and are thus more difficult to scale.27 Furthermore, these tools may miss subclinical factors that 
influence patient frailty and drive early intervention.14 To objectively measure frailty, Clegg et al28 developed the 
electronic Frailty Index (eFI), a validated composite metric within the electronic medical record (EMR) that predicts 
adverse health outcomes based on 36 functional deficits. This was adapted by Pajewski et al14 and expanded to 
incorporate 54 deficits from the EMR, including laboratory results, medication records, diagnostic codes, and 
Medicare Annual Wellness Visit (AWV) data. In this model, a “deficit” refers to a medical characteristic, such as 
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a diagnosis, lab, or medication. Each deficit is binary (present or absent) and possesses equal weight. An eFI score is 
determined by calculating the ratio of total deficits present to total deficits considered and is reported as a unitless value 
between 0.1 and 1.0, with higher scores indicating greater frailty. We selected the eFI for this study due to its internal and 
external validity, varied metrics, and use across diverse research contexts. Previous large-scale studies have employed an 
eFI to compare differences in diabetes management, inpatient surgical outcomes, and healthcare utilization among 
various patient populations.29–31 While some frailty indexes within the EMR rely on claims-based data, this approach 
can be vulnerable to incomplete or delayed data acquisition. The eFI addresses these weaknesses by calculating a frailty 
score based on data across multiple domains including blood pressure, weight, bone disorders, diabetes, basic metabolic 
profile results, kidney function, and liver enzyme tests. The eFI was used as a continuous variable in the primary analysis. 
In addition, categories for frailty were secondarily considered, with patients classified as Fit (eFI ≤ 0.10), Pre-Frail 
(0.10 < eFI ≤ 0.21), or Frail (eFI > 0.21).14,32

Included patients were followed through June 2024 to determine whether they underwent any subsequent glaucoma 
surgeries or laser treatments. Treatment characteristics such as the types of surgery, total number of surgeries, and date of 
a patient’s most recent surgery were then recorded. Surgeries were classified as trabeculectomy, tube, or other, such as 
goniotomy or concurrent phacoemulsification and MIGS. A person was considered to have had LT if they received any of 
the following procedures: argon laser trabeculoplasty (ALT), selective laser trabeculoplasty (SLT), laser peripheral 
iridotomy (LPI), diode cyclophotocoagulation (CPC), and micropulse transscleral cyclophotocoagulation (mTS-CPC). 
Time to event was determined by calculating the number of days between a patient’s initial presentation with glaucoma 
and incisional surgery or laser treatment.

Statistical Methods
The associations of eFI score with baseline demographic and clinical characteristics were determined using a Kruskal– 
Wallis test. Separate mixed effects logistic regression models were used to determine the relationship between baseline 
eFI and the odds of either incisional glaucoma surgery or LT among glaucoma patients. Separate repeated measures 
survival models with mixed effects, also known as a frailty model, were created to assess the association between eFI and 
either the time to incisional glaucoma surgery or the time to laser treatment.

Next, in a sensitivity analysis, we assessed the competing risk of death with regard to the relationship of continuous 
eFI with time to surgery or time to laser treatment. To do this, it was necessary to first redefine the outcomes as time to 
first surgery (or first laser treatment) from the earliest presentation. The baseline IOP and glaucoma severity used in these 
models were selected based on the eye of first surgery or laser treatment; if both eyes had surgery, or if neither eye had 
surgery, the eye with the most severe glaucoma at initial presentation was selected. In the standard proportional hazards 
model, if the patient did not have surgery, their time to surgery was censored at either date of death or date of final 
contact. In the competing risk model, deaths were identified separately from those alive at last contact with no surgery.33

Multivariate models adjusted for baseline age, IOP, sex, race/ethnicity, and glaucoma severity in each eye. Statistical 
analysis was performed in SAS version 9.4 (SAS Institute Inc., Cary, NC). A p < 0.05 was considered statistically 
significant.

Results
The initial query identified 1268 patients with glaucoma who presented between 10/1/2015 and 12/31/2017 and 
possessed a calculable eFI score. After manual review of the EMR to confirm the diagnosis of glaucoma, 1168 patients 
(2248 eyes; 1080 with both eyes and 88 with one eye) were included in the analysis. Of these, 474 patients (40.6%) were 
male and 694 patients (59.4%) were female. Table 1 displays the baseline demographic and ocular characteristics of 
patients. The mean age was 74.0 ± 7.4 years (range: 55–100 years), and 81.3% of patients (n = 949) were between 65 and 
85 years of age. Mean and median eFI were greater among female (p = 0.035) and Black patients (p < 0.001). The most 
common type of glaucoma was primary open-angle glaucoma (88.9%). At initial presentation, 130 eyes had received 
a prior glaucoma surgery. Baseline IOP, glaucoma type, mean deviation, or previous glaucoma surgery were not 
associated with differences in eFI score (p > 0.05).
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Table 1 Estimated eFI by Patient Characteristics

N Mean + SD Median [IQR] p-value

Age (years) 0.5944
54–65 124 0.159 ± 0.076 0.146 [0.103–0.191]

65–75 545 0.154 ± 0.075 0.144 [0.096–0.202]

75–85 404 0.159 ± 0.077 0.147 [0.103–0.206]
85–100 95 0.162 ± 0.075 0.157 [0.103–0.218]

Sex 0.0354
Female 694 0.161 ± 0.077 0.150 [0.101–0.215]
Male 474 0.152 ± 0.073 0.139 [0.100–0.190]

Race <0.0001
White 848 0.152 ± 0.075 0.142 [0.095–0.200]

Black 281 0.174 ± 0.074 0.162 [0.117–0.227]

Hispanic 13 0.135 ± 0.085 0.122 [0.069–0.167]
Other 26 0.125 ± 0.062 0.105 [0.088–0.156]

Baseline IOP OS (mmHg) 0.3855

<15 315 0.161 ± 0.077 0.152 [0.103–0.221]
15–18 406 0.157 ± 0.075 0.145 [0.101–0.201]

19+ 388 0.153 ± 0.075 0.145 [0.097–0.197]

Baseline IOP OD (mmHg) 0.2058
<15 319 0.161 ± 0.076 0.156 [0.103–0.214]

15–18 399 0.153 ± 0.074 0.136 [0.098–0.200]

19+ 391 0.160 ± 0.077 0.150 [0.103–0.203]
Glaucoma OS (POAG) 0.0553

No 126 0.145 ± 0.073 0.132 [0.088–0.190]

Yes 998 0.158 ± 0.075 0.147 [0.103–0.209]
Glaucoma OS (Other) 0.8389

Pseudoexfoliation 33 0.141 ± 0.067 0.135 [0.088–0.175]

Angle closure 31 0.148 ± 0.068 0.147 [0.097–0.189]
Pigment dispersion 27 0.132 ± 0.074 0.120 [0.078–0.165]

Neovascular 4 0.174 ± 0.121 0.178 [0.071–0.277]

Other 36 0.144 ± 0.076 0.126 [0.079–0.204]
Glaucoma OD (POAG) 0.1174

No 124 0.148 ± 0.074 0.135 [0.093–0.190]

Yes 1000 0.159 ± 0.075 0.147 [0.103–0.209]
Glaucoma OD (Other) 0.0877

Pseudoexfoliation 30 0.141 ± 0.071 0.134 [0.083–0.186]

Angle closure 27 0.146 ± 0.063 0.144 [0.091–0.183]
Pigment dispersion 24 0.131 ± 0.077 0.119 [0.076–0.165]

Neovascular 3 0.269 ± 0.021 0.262 [0.254–0.293]

Other 44 0.150 ± 0.077 0.126 [0.097–0.191]
Mean Deviation OS 0.5945

Mild 724 0.154 ± 0.072 0.144 [0.100–0.199]

Moderate 249 0.159 ± 0.077 0.147 [0.103–0.211]
Severe 182 0.162 ± 0.082 0.151 [0.100–0.227]

Mean Deviation OD 0.9350

Mild 766 0.156 ± 0.072 0.147 [0.103–0.200]
Moderate 224 0.158 ± 0.083 0.146 [0.094–0.212]

Severe 173 0.158 ± 0.081 0.146 [0.098–0.214]

Previous Glaucoma Surgery OS 0.7207
No 1063 0.157 ± 0.075 0.146 [0.101–0.207]

Yes 60 0.161 ± 0.076 0.156 [0.103–0.207]

(Continued)
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During the treatment period, 248 eyes received surgical treatment and 230 eyes were treated with lasers. 
Trabeculectomy (n = 108) was the most common incisional surgery received, followed by tube shunt (n = 64) and 
goniotomy (n = 33). The mean time between presentation and glaucoma surgery was 4.5 ± 2.9 years. Selective laser 
trabeculoplasty (n = 112) and argon laser trabeculoplasty (n = 80) were the most common laser treatments, and mean 
time to LT was 4.8 ± 3.4 years.

Table 2 displays odds ratios for the likelihood of receiving surgical treatment, and Table 3 displays hazard ratios for 
time to surgery based on patient characteristics. In multivariable models, an increase in age of 10 years was associated 
with a significantly decreased likelihood of incisional glaucoma surgery [odds ratio (OR) = 0.581 (95% CI: 0.461, 0.733), 
p < 0.001] and with significantly longer times to surgery [hazard ratio (HR) = 0.719 (95% CI: 0.554, 0.935), p = 0.007]. 
For each 1 unit increase in baseline IOP, the likelihood of incisional surgery significantly increased [OR = 1.064 (95% 
CI: 1.037, 1.092), p < 0.001] and the time to surgery was significantly shorter [HR 1.110 (95% CI: 1.082, 1.138), 

Table 1 (Continued). 

N Mean + SD Median [IQR] p-value

Type of Previous Glaucoma Surgery OS 0.3077

Trabeculectomy 38 0.149 ± 0.076 0.135 [0.103–0.168]
Tube shunt 11 0.155 ± 0.059 0.162 [0.111–0.214]

Other 5 0.181 ± 0.111 0.200 [0.081–0.219]

Multiple 6 0.199 ± 0.066 0.202 [0.178–0.260]
Previous Glaucoma Surgery OD 0.4827

No 1058 0.158 ± 0.075 0.147 [0.103–0.207]

Yes 66 0.153 ± 0.075 0.134 [0.095–0.181]
Type of Previous Glaucoma Surgery OD 0.8647

Trabeculectomy 38 0.150 ± 0.080 0.126 [0.089–0.179]

Tube shunt 13 0.143 ± 0.059 0.132 [0.106–0.178]
Other 6 0.182 ± 0.100 0.192 [0.081–0.219]

Multiple 6 0.148 ± 0.060 0.130 [0.113–0.162]

Previous Laser Surgery OS 0.9870
No 1003 0.157 ± 0.075 0.146 [0.101–0.208]

Yes 120 0.156 ± 0.077 0.154 [0.101–0.199]

Previous Laser Surgery OD 0.5870
No 997 0.158 ± 0.076 0.147 [0.103–0.210]

Yes 128 0.152 ± 0.068 0.146 [0.102–0.192]
Number of Prior Surgeries OS 0.0834

0 512 0.154 ± 0.072 0.142 [0.098–0.197]

1 467 0.161 ± 0.077 0.151 [0.103–0.214]
2 107 0.147 ± 0.077 0.132 [0.081–0.199]

3+ 35 0.176 ± 0.081 0.158 [0.122–0.238]

Number of Prior Surgeries OD 0.3312
0 531 0.153 ± 0.073 0.142 [0.099–0.197]

1 417 0.162 ± 0.076 0.147 [0.103–0.219]

2 127 0.161 ± 0.082 0.158 [0.101–0.205]
3+ 47 0.150 ± 0.077 0.137 [0.095–0.186]

New Glaucoma Surgery OS 0.0085
No 997 0.159 ± 0.076 0.148 [0.103–0.209]
Yes 127 0.140 ± 0.066 0.128 [0.094–0.189]

New Glaucoma Surgery OD 0.0643
No 1005 0.159 ± 0.076 0.147 [0.103–0.207]
Yes 121 0.144 ± 0.066 0.132 [0.098–0.185]

Notes: P-value calculated using Kruskal–Wallis test. Statistically significant values are in bold. 
Abbreviations: OS = left eye; OD = right eye; POAG = primary open angle glaucoma.

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S514689                                                                                                                                                                                                                                                                                                                                                                                                   1459

Groothoff et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



p < 0.001]. Having severe [OR = 2.889 (95% CI: (1.953, 4.272)] or moderate glaucoma [OR = 1.894 (95% CI: 1.354, 
2.650)] also was associated with a significant increase in the likelihood of incisional surgery (p < 0.001), and with 
a significantly shorter time to surgery relative to patients with mild glaucoma (p < 0.001). Every 0.1 unit increase in eFI 
was associated with a significantly reduced likelihood of surgical treatment [OR = 0.672, (95% CI: 0.535, 0.845), 
p < 0.001] and significantly longer time to first surgery after presentation [HR = 0.670 (95% CI: 0.519, 0.866), 
p = 0.001], independent of IOP, glaucoma severity, age, sex, or race. In a sensitivity analysis, we examined the time 
to first surgery at the person-level rather than the eye-level using standard proportional hazards [HR = 0.738 (95% CI: 
0.592, 0.920), p = 0.007] and refit this model including death as a competing risk [HR = 0.703 (95% CI: 0.565, 0.874), 
p = 0.002]. In both cases every 0.1 unit increase in eFI was associated with a similarly longer time to first surgery. When 

Table 2 Repeated Measures Logistic Regression Model for Likelihood of Glaucoma Surgery

Variable Comparison Univariate Multivariate

Odds 
Ratio

95% Wald 
Confidence Limits

p-value Odds 
Ratio

95% Wald 
Confidence 

Limits

p-value

Age Per 10 years 0.589 (0.474–0.732) <0.0001 0.581 (0.461–0.733) <0.0001
Baseline IOP Per 1 mmHg 1.074 (1.048–1.101) <0.0001 1.064 (1.037–1.092) 0.0002
Mean Deviation <0.0001 <0.0001

Severe vs Mild 2.825 (1.978–4.036) 2.889 (1.953–4.272)

Moderate vs Mild 1.769 (1.296–2.415) 1.894 (1.354–2.650)

Sex Female vs Male 0.973 (0.700–1.352) 0.8689 1.258 (0.884–1.790) 0.2001
Race/Ethnicity 0.8045 0.7362

Black vs White 1.191 (0.822–1.723) 0.996 (0.665–1.493)

Hispanic/Latino vs White 1.155 (0.371–3.592) 1.088 (0.304–3.896)
Other vs White 0.832 (0.241–2.866) 0.576 (0.178–1.861)

eFI Per 0.1 unit 0.721 (0.580–0.897) 0.0023 0.672 (0.535–0.845) 0.0003

Notes: P-value calculated using either univariate or multivariate mixed effects logistic regression models. Multivariate models included age, race/ethnicity, sex, mean 
deviation severity category, intraocular pressure and eFI. Statistically significant values are in bold. 
Abbreviations: IOP = intraocular pressure; eFI = electronic frailty index.

Table 3 Repeated Measures Survival Model for Time to Glaucoma Surgery

Variable Comparison Univariate Multivariate

Hazard 
Ratio

95% Wald 
Confidence 

Limits

p-value Hazard 
Ratio

95% Wald 
Confidence 

Limits

p-value

Age Per 10 years 0.723 (0.570–0.918) 0.0042 0.719 (0.554–0.935) 0.0070
Baseline IOP Per 1 mmHg 1.113 (1.086–1.141) <0.0001 1.110 (1.082–1.138) <0.0001
Mean Deviation <0.0001 <0.0001

Severe vs Mild 3.814 (2.629–5.533) 4.123 (2.778–6.120)
Moderate vs Mild 1.740 (1.197–2.531) 1.894 (1.277–2.809)

Sex Female vs Male 0.920 (0.661–1.281) 0.4567 1.119 (0.780–1.604) 0.3620

Race/Ethnicity 0.6162 0.2829
Black vs White 1.091 (0.750–1.586) 0.855 (0.564–1.295)

Hispanic/Latino vs White 1.523 (0.348–6.664) 1.745 (0.385–7.909)

Other vs White 0.670 (0.198–2.270) 0.465 (0.127–1.700)
eFI Per 0.1 unit 0.732 (0.578–0.928) 0.0055 0.670 (0.519–0.866) 0.0010

Notes: P-value calculated using univariate or multivariate repeated measures survival models with mixed effects. Multivariate models included age, race/ethnicity, sex, mean 
deviation severity category, intraocular pressure and eFI. Statistically significant values are in bold. 
Abbreviations: IOP = intraocular pressure; eFI = electronic frailty index.
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examining the categories of eFI, there was no statistically significant difference in likelihood of surgery or time to 
surgery (see Supplemental Tables 1 and 2).

Table 4 and Table 5 display odds ratios and hazard ratios for the secondary outcome of LT. Increased age was 
associated with a significantly decreased likelihood of receiving LT [OR = 0.774 (95% CI: 0.596, 1.006), p = 0.050] but 
did not affect time to LT (p = 0.532). Severe [OR = 1.760 (95% CI: 1.076, 2.881)] and moderate [OR = 1.378 (95% CI: 
0.867, 2.191)] glaucoma were associated with significantly shorter times to LT (p = 0.041) but had no impact on the 
likelihood of receiving LT (p = 0.141). Greater eFI was associated with a significantly reduced likelihood of LT [OR = 
0.725 (95% CI: 0.561, 0.938), p = 0.010] and slightly longer time to LT [HR = 0.743, p = 0.060], though the latter was 
not statistically significant. This could be because Frail patients had longer times to LT [HR = 0.617] than Fit patients but 
Pre-Frail patients [HR = 1.221] had shorter times (p = 0.044). In a sensitivity analysis, we examined the time to first LT at 
the person-level rather than the eye-level using standard proportional hazards [HR = 0.780 (95% CI: 0.629, 0.967), 
p = 0.024] and refit this model [HR = 0.747 (95% CI: 0.603, 0.927), p = 0.008], and in both cases every 0.1 unit increase 
in eFI was associated with a similarly longer time to first LT. There was no significant association of frailty and pre- 
frailty categories with likelihood of LT (p = 0.053) (see Supplemental Tables 3 and 4).

Discussion
Few studies have explored the relationship between frailty and surgical or laser treatment of patients with glaucoma. In 
this study, higher eFI scores were independently associated with a lower likelihood of receiving incisional surgery for 
glaucoma, even after controlling for other potential confounders. Similar findings were observed for lasers, with higher 
frailty levels being associated with reduced likelihood of LT. While reasons for this observation are not known and few 
studies have explored this topic, we hypothesize that this may be related to the perception of higher surgical risks or 
limited functional improvements among frail individuals. Frail patients are more likely to experience postoperative 
complications and possess greater mortality rates, even after minimally invasive surgeries.17,27,34–37 Inflammation is also 
greater in frail patients.38 Previous research has shown that prolonged inflammation and dysregulated macrophage 
activity delay wound healing, though literature specific to ophthalmic outcomes is limited.39–41 Nevertheless, for 
ophthalmologists, this increased risk profile may create hesitancy even when considering elective outpatient procedures. 
We also explored if the higher mortality associated with frailty may explain our main study findings. However, increasing 
frailty score was also associated with a longer time to first surgery and longer time to first LT even after accounting for 
the competing risk of death. It is possible that frail individuals may be less likely to pursue elective interventions that are 
associated with an increased number of follow-up appointments, or may be more hesitant to pursue supplemental 

Table 4 Repeated Measures Logistic Regression Model for Laser Treatment

Variable Comparison Univariate Multivariate

Odds 
Ratio

95% Wald 
Confidence Limits

p-value Odds 
Ratio

95% Wald 
Confidence Limits

p-value

Age Per 10 years 0.775 (0.598–1.004) 0.0538 0.774 (0.596–1.006) 0.0500
Baseline IOP Per 1 mmHg 1.003 (1.001–1.005) 0.0006 1.002 (1.001–1.003) 0.0012
Mean Deviation 0.0433 0.1407

Severe vs Mild 1.014 (1.002–1.026) 1.008 (0.999–1.017)
Moderate vs Mild 1.007 (0.998–1.016) 1.003 (0.997–1.009)

Sex Female vs Male 0.988 (0.667–1.465) 0.9539 1.045 (0.705–1.548) 0.8277

Race/Ethnicity 0.9784 0.9684
Black vs White 1.017 (0.647–1.599) 1.061 (0.671–1.679)

Hispanic/Latino vs White 0.743 (0.095–5.786) 0.668 (0.076–5.868)

Other vs White 1.215 (0.356–4.146) 1.047 (0.298–3.680)
eFI Per 0.1 unit 0.718 (0.558–0.923) 0.0068 0.725 (0.561–0.938) 0.0102

Notes: P-value calculated using either univariate or multivariate mixed effects logistic regression models. Multivariate models included age, race/ethnicity, sex, mean 
deviation severity category, intraocular pressure and eFI. Statistically significant values are in bold. 
Abbreviations: IOP = intraocular pressure; eFI = electronic frailty index.
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procedures, even relatively low-risk outpatient procedures such as laser trabeculoplasty. Ophthalmologists may want to 
consider goals of care discussions with older adults, especially if frail, to ensure they are taking into account the impact 
of procedures on their quality of life.

Furthermore, frail patients may face barriers to accessing care, which could include concerns about needing 
transportation to clinical appointments, especially if visually impaired. Though frailty is associated with more emergency 
department visits and acute surgeries, primary care services are utilized less often.42 Halawa et al43 found that Medicare 
beneficiaries classified as moderately or severely frail were more likely to receive ophthalmologic treatment in inpatient 
settings compared to non-frail patients. This suggests that frail populations are more likely to engage healthcare services 
during times of urgent need, rather than benefitting from preventative outpatient care focused on limiting chronic disease 
progression. Ocular changes caused by glaucoma are typically gradual; thus, visual acuity may be preserved until later 
stages of disease progression, delaying presentation for care.

Our findings also suggest that as patients age, there is a lower likelihood of receiving surgical or laser treatment for 
glaucoma, even after controlling for eFI, IOP, and glaucoma severity. As glaucoma is a neurodegenerative disease, its 
prevalence increases with age, which may make this finding seem counterintuitive.44,45 However, we hypothesize that 
this may be partially related to a trend of the last decade, in which patients are undergoing surgical intervention at 
younger ages and when they have less advanced disease.46 Potential causes for this shift include earlier detection through 
advanced imaging modalities such as optical coherence tomography and earlier intervention with safer surgical techni-
ques. Nevertheless, Duman et al47 reported that surgical outcomes following trabeculectomy were comparable between 
patients younger and older than 80 years, which suggests that age alone should not be a contraindication for surgical 
treatment. Little work has been done to examine patient or physician factors that may impact decisions for surgical care 
in glaucoma, especially in older adults, and it will be important to understand how to best support glaucoma patients in 
these decisions as they age.

We also observed that increasing levels of frailty were associated with a lower likelihood of LT. This was an 
unexpected finding as LT is a relatively safe, fast, and effective first-line treatment for glaucoma.48–51 Moreover, the 
LiGHT Trial52 found that SLT not only improved IOP in eyes with open angle glaucoma or ocular hypertension, but also 
reduced the risk for glaucoma progression and the need for incisional surgery. After six years, 70% of eyes had 
experienced a 20% or greater reduction in IOP without any use of eye drops. Unsurprisingly, LT is associated with 
greater benefit for patients with higher baseline IOP and may be particularly effective for patients for who experience 
barriers to regular monitoring.53,54 As research has shown that frail patients are less likely to receive outpatient care, LT 

Table 5 Repeated Measures Survival Model for Time to Laser Treatment

Variable Comparison Univariate Multivariate

Hazard 
Ratio

95% Wald 
Confidence 

Limits

p-value Hazard 
Ratio

95% Wald 
Confidence 

Limits

p-value

Age Per 10 years 0.898 (0.654–1.232) 0.3067 0.947 (0.677–1.325) 0.5316

Baseline IOP Per 1 mmHg 1.085 (1.050–1.121) <0.0001 1.082 (1.046–1.119) <0.0001
Mean Deviation 0.0187 0.0412

Severe vs Mild 1.855 (1.153–2.984) 1.760 (1.076–2.881)

Moderate vs Mild 1.411 (0.903–2.204) 1.378 (0.867–2.191)

Sex Female vs Male 0.965 (0.609–1.530) 0.6803 1.037 (0.640–1.681) 0.6816
Race/Ethnicity 0.6630 0.7394

Black vs White 1.203 (0.713–2.029) 1.166 (0.673–2.020)

Hispanic/Latino vs White 0.721 (0.061–8.475) 0.716 (0.059–8.707)
Other vs White 0.998 (0.235–4.239) 1.090 (0.256–4.639)

eFI Per 0.1 unit 0.748 (0.537–1.042) 0.0637 0.743 (0.528–1.047) 0.0645

Notes: P-value calculated using univariate or multivariate repeated measures survival models with mixed effects. Multivariate models included age, race/ethnicity, sex, mean 
deviation severity category, intraocular pressure and eFI. Statistically significant values are in bold. 
Abbreviations: IOP = intraocular pressure; eFI = electronic frailty index.
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may be a useful approach for early intervention among frail patients with glaucoma. Thus, understanding why frailty is 
associated with lower likelihood of LT will be important future work.

The results of this study indicate that higher IOP and more severe glaucomatous visual field loss at baseline predict 
a higher likelihood of receiving surgical treatment, and that those patients experience shorter times to surgery indepen-
dent of their eFI or other covariates. These findings are not surprising and should be reassuring because patients with 
more advanced disease or poorly controlled IOP were still more likely to receive timely surgical treatment, which can 
lower the risk of progression.

The popularity of MIGS has been steadily increasing due to shorter recovery times and fewer complications.11 In our 
sample, 55 eyes were treated with MIGS. However, trabeculectomy was the most common surgical procedure performed 
in this study population. Trabeculectomy serves as a definitive surgical treatment for patients with glaucoma that is 
unresponsive to medications and laser procedures.11 This finding likely reflects the practice pattern at our institution, 
which is a tertiary referral center where many patients present with moderate and severe glaucoma.

This study has several limitations. As a retrospective review, we were limited by the data type and quality available 
within patient records. Long-term data quantifying surgical outcomes among patients was not captured but will be the 
focus of future work. Frailty and other factors such as visual field and intraocular pressure were considered at baseline so 
we could look at predictions for events like surgery or LT. Consideration of the complex relationship between trends of 
IOP or frailty over time was beyond the scope of this analysis but could be considered in the future. Finally, while this 
study did not evaluate appointment frequency, future studies could evaluate whether higher eFI scores are associated with 
gaps in care for glaucoma.

Conclusions
Increasing frailty, as measured by eFI score, and increasing age are associated with a reduced likelihood of incisional 
glaucoma surgery and laser treatment, as well as longer time to receiving surgery in patients with glaucoma. Future 
research should investigate how characteristics like age and frailty influence patient and physician decision making for 
surgical care of patients with ophthalmologic conditions.
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