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Abstract

Background
Personality has usually been measured after glaucoma diagnosis, limiting temporal interpretation. We
examined whether baseline neuroticism was associated with subsequent survey reporting of doctor-
treated glaucoma among older participants in the Health and Retirement Study (HRS).

Methods
This exploratory longitudinal analysis included HRS participants aged 65 years or older whose first
psychosocial leave-behind assessment was in 2006 or 2008, who had no positive glaucoma report at or
before baseline, and who had at least one later glaucoma assessment through 2020. Neuroticism was
the standardized mean of four Midlife Development Inventory items, requiring at least three observed
items in the primary analysis. The endpoint was the first subsequent respondent- or proxy-reported
positive response to “Has a doctor ever treated you for glaucoma?” Observation intervals were split at
fixed 2-year elapsed-time boundaries. Complementary log-log models included log segment duration as
an offset, a fixed elapsed-time baseline hazard, age, sex, race/ethnicity, and education, with participant-
clustered standard errors.

Results
The analysis included 7,217 participants, 1,067 first positive reports, and 61,833 person-years (median
follow-up, 8.5 years). Of the events, 954 occurred at respondent interviews and 113 at proxy interviews.
Each 1-SD higher neuroticism score was associated with a hazard ratio (HR) of 1.091 (95% CI, 1.025–
1.161; P = .006). Reconstructing follow-up from respondent interviews only yielded HR 1.082 (95% CI,
1.013–1.156). Results were similar in the inverse-probability-of-censoring weighted attrition sensitivity
(HR, 1.086; 95% CI, 1.018–1.159) and with the HRS guide-based two-of-four-item scoring rule (HR, 1.090;
95% CI, 1.024–1.160). In the healthcare-use complete-case sample, the HR was 1.076 before and 1.041
after adjustment for all measured general healthcare-use variables. Four- and 6-year landmark estimates
were 1.072 (95% CI, 0.995–1.154) and 1.064 (95% CI, 0.972–1.166). Accounting for competing death,
standardized 10-year probabilities at the 25th and 75th percentiles of neuroticism were 11.40% and
12.60%, a difference of 1.20 percentage points (95% CI, 0.25–2.13).

Conclusions
Higher baseline neuroticism was associated with a modestly higher rate of subsequent reporting of
doctor-treated glaucoma in this selected HRS cohort. Attenuation after adjustment for general
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healthcare use, depressive symptoms, and baseline eye-health measures leaves disease occurrence,
detection, and reporting as unresolved explanations.

Introduction
Glaucoma is a progressive optic neuropathy and a major cause of irreversible blindness. Primary open-
angle glaucoma, the predominant subtype in the United States, is often asymptomatic until advanced
and is commonly identified through eye examination [1]. An estimated 4.22 million US adults were living
with glaucoma in 2022, with prevalence increasing with age and differing across racial and ethnic groups
[2]. In survey data, a report that a doctor has treated glaucoma may therefore reflect disease,
examination opportunity, clinical recognition, communication, recall, and who answered the interview.

Personality may be associated with long-term health through behavioral, social, and physiologic
pathways [3, 4]. Neuroticism has also shown small, service-specific associations with healthcare use [5],
and classic work cautioned that symptom perception and reporting can complicate inferences about
physical disease [6]. Proposed stress-related pathways in glaucoma remain hypotheses rather than
mechanisms established by observational survey data [7].

Evidence specifically linking personality to glaucoma is limited. Existing personality studies have
generally been small and cross-sectional, with personality measured after diagnosis or treatment [8–11].
Prospective studies have examined depression, loneliness, or social isolation rather than a stable
personality trait, and their glaucoma definitions vary [12–15]. A British birth-cohort study used a
composite eye-problem outcome rather than a glaucoma-specific endpoint [16], while genetic analyses
have not supported a causal effect of negative-emotion phenotypes on glaucoma [17].

The HRS provides repeated health interviews and a psychosocial questionnaire, allowing a baseline
personality measure to precede later glaucoma reports [18]. We examined whether baseline neuroticism
was associated with the rate of a first subsequent survey report of doctor-treated glaucoma among HRS
participants aged 65 years or older with no previous positive report. We also evaluated reporter type, the
exposure scoring rule, fixed elapsed-time specification, attrition, household clustering, cardiometabolic
adjustment, depressive symptoms, baseline eye health, general healthcare use, delayed-entry landmarks,
and competing mortality.

Methods

Study design and data sources
HRS is a biennial longitudinal panel of US adults older than 50 years and their spouses [18]. We used the
2006 and 2008 Core interviews and psychosocial leave-behind questionnaires [19–21], the RAND HRS
Longitudinal File 2020 Version 2 [22], Harmonized HRS Version D [23], and the HRS 2020 Tracker Final
Version 1.0 [24]. Questionnaire and personality-scale documentation came from the HRS psychosocial
guides and the Midlife Development Inventory report [19, 25, 26].
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The analysis was exploratory. The continuous per-SD neuroticism contrast was designated as the
primary exposure analysis; the remaining models were sensitivity or explanatory probes and were not
adjusted for multiplicity.

Study population and follow-up
The index interview was each participant's first returned psychosocial leave-behind assessment in 2006
or 2008. Participants were eligible if they were aged 65 years or older, had the glaucoma item
administered at index, had a constructible neuroticism score, had no positive glaucoma report at index
or an earlier HRS wave, and had at least one later glaucoma assessment through 2020. The primary
analytic cohort also required complete age, sex, race/ethnicity, education, and interview-date data.

Time zero was the index interview. Each observed assessment interval began at the preceding negative
glaucoma assessment and ended at the next observed assessment. A missed interview could therefore
produce an interval longer than 2 years. Follow-up ended at the first positive report or last observed
negative assessment.

Neuroticism
The four neuroticism items were moody, worrying, nervous, and calm, with coding oriented so that higher
values indicated higher neuroticism [19, 25, 26]. The primary score was the mean of at least three
observed items and was standardized using the primary analytic cohort mean and SD. Its mean was
1.99 (SD, 0.59), range 1–4, and Cronbach's alpha was 0.703. A measurement sensitivity used the HRS
guide's rule requiring at least two of four items. Because the 2006 and 2008 questionnaire
administration also permitted proxy or nursing-home interviews and completion by someone other than
the designated participant, we describe the exposure as neuroticism responses recorded in the HRS
psychosocial questionnaire rather than unqualified self-reported neuroticism.

Survey-reported doctor-treated glaucoma
The HRS Core item asks, “Has a doctor ever treated you for glaucoma?” The primary endpoint was the
first subsequent positive response after an initially negative history. We directly compared the
harmonized indicator with the wave-specific raw Core items (KC101 through RC101) at baseline and in
every analytic risk interval. All 7,217 baseline values were raw code 5 (“no”); all 1,067 event intervals were
raw code 1 (“yes”); and all 28,691 non-event intervals were raw code 5, with no missing values or
discordance in the analytic intervals.

The interview reporter indicator was audited at each event wave. Events could be reported by the
participant or a proxy. A sensitivity analysis removed proxy interviews and reconstructed the sequence
of negative and positive assessments using respondent interviews only. Because 13 participants with an
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initial proxy-positive interview later reported a positive response themselves, the respondent-only
reconstruction contained 967 rather than 954 events.

The endpoint does not provide a diagnosis date, clinical eye examination, intraocular pressure, optic-disc
or visual-field assessment, imaging, glaucoma subtype, severity, or ophthalmology-specific encounter. It
is therefore described as survey-reported or respondent-or-proxy-reported doctor-treated glaucoma, not
clinical incidence or disease onset.

Covariates
The primary adjustment set comprised age at index (continuous), sex, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, and non-Hispanic other), and education (less than high school, GED,
high-school graduate, some college, and college or above). These covariates were selected for a
parsimonious association model and are not asserted to remove all confounding.

A secondary cardiometabolic model additionally included smoking status, a spline for body mass index,
diabetes, and hypertension. Separate probes added the baseline 8-item Center for Epidemiologic Studies
Depression score, baseline self-rated eyesight and cataract history, or general healthcare-use variables.
Healthcare-use variables comprised doctor-visit count, any visit, hospital admission, out-of-pocket
medical spending, and diagnosed-condition count. They do not identify eye examinations or
ophthalmology contact and may be confounders, ascertainment variables, or intermediates.

Primary statistical analysis
Glaucoma status was observed at interviews without a diagnosis date. We therefore used grouped
person-time complementary log-log models [27, 28]. Each observed assessment interval was split at
fixed elapsed-time boundaries of 0, 2, 4, 6, 8, and 10 years after index; follow-up beyond 10 years formed
one final category. Each segment contributed its observed duration; an event was retained on the
terminal segment ending at the first positive interview. Models included log segment duration as an
offset and indicators for the fixed elapsed-time categories (0–2, > 2–4, > 4–6, > 6–8, > 8–10, and > 10
years) as the baseline hazard. The primary model estimated the HR per 1-SD higher neuroticism and
adjusted for the primary covariates. Standard errors were clustered by participant [29].

We report two-sided P values and 95% confidence intervals. Analyses used complete cases for variables
in each model.

Sensitivity and explanatory analyses
We repeated the primary model with standard errors clustered by household and with baseline age
modeled using a three-degree-of-freedom natural spline. Measurement and reporter sensitivities used
the HRS two-of-four-item neuroticism rule and respondent-only glaucoma interviews, respectively. A
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leave-behind respondent-weighted sensitivity used the wave-specific 2006 or 2008 psychosocial weight;
it did not apply the full HRS strata and primary-sampling-unit design and was not treated as a population-
representative estimate.

For attrition, stabilized inverse-probability-of-censoring weights were estimated from the baseline-eligible
cohort rather than assigning weight 1 to unmatched outcome intervals [30, 31]. The numerator included
follow-up visits and baseline waves; the denominator additionally included the measured baseline
predictors. Of 7,898 participants eligible at baseline after primary-covariate completion, 7,324 entered at
least one modeled censoring risk set; 574 had no modeled follow-up opportunity, including participants
who died before a possible reassessment. The weighted outcome analysis included 7,101 participants
and 1,005 events. We truncated weights at the 1st and 99th percentiles and report weight-distribution,
predicted-probability, and effective-sample-size diagnostics.

True 4- and 6-year landmark analyses split intervals at the landmark, restricted the risk set to
participants under observation and without a previous positive report at that time, reset follow-up, and
refitted the fixed elapsed-time model. These analyses differ from selecting complete observed intervals
that merely ended after the threshold.

Competing mortality and absolute risk
Death was treated as a competing event for a later glaucoma report [32, 33]. Glaucoma-report and death
hazards were estimated on the same fixed 2-year elapsed-time grid from 0 to 10 years. For participants
who died first, vital-status follow-up could extend beyond the last negative glaucoma assessment to the
recorded death; participants alive without a later eye assessment were censored at their last glaucoma
assessment. Both cause models used this common risk-stop rule. Death was classified as first only
when its available date strictly preceded the first positive interview; same-date ties were assigned to the
positive interview because the interview occurred while the participant was alive. Cause-specific interval
probabilities were converted to cumulative hazards and combined under a constant-within-bin hazard
assumption. Ten-year cumulative probabilities were standardized over the cohort covariate distribution,
with neuroticism set to the 25th or 75th percentile [32–34]. Confidence intervals were estimated from
2,000 baseline-household bootstrap samples [35].

Software and reporting
Analyses used R 4.6.0 and were reported with reference to STROBE [36].

Results

Cohort formation and follow-up
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Among 14,649 participants with a first 2006 or 2008 leave-behind personality assessment, 9,362 were
aged 65 years or older, 9,316 had the glaucoma item administered, 9,182 had a score under the primary
three-of-four-item rule, 7,899 had no previous positive glaucoma report, 7,218 had a later assessment,
and 7,217 had complete primary covariates (Fig. 1).

The mean age was 73.7 years (SD, 6.7), and 57.5% were women. Participants contributed 29,758
observed assessment intervals and 61,833 person-years. Median follow-up was 8.5 years (IQR, 4.8–12.2;
maximum, 15 years). The 1,067 first positive reports corresponded to 17.3 reports per 1,000 person-
years. At the event interview, 954 reports were obtained from respondents and 113 from proxies
(Table 1).

Table 1
Cohort characteristics

Characteristic Value

Participants, n 7,217

Neuroticism, mean (SD) 1.99 (0.59)

Neuroticism, Cronbach alpha 0.703

Age, mean (SD), years 73.7 (6.7)

Women, % 57.5

Race/ethnicity other than non-Hispanic White, % 18.5

Observed assessment intervals, n 29,758

Follow-up, median (IQR), years 8.5 (4.8–12.2)

First positive reports, n 1,067

Respondent-reported / proxy-reported events, n 954 / 113

Person-years 61,833

Reports per 1,000 person-years 17.3

Primary association
Each 1-SD higher baseline neuroticism score was associated with HR 1.091 (95% CI, 1.025–1.161;
P=.006) for a first subsequent survey report of doctor-treated glaucoma (Table 2). The estimate was
essentially unchanged with household-clustered inference (HR, 1.091; 95% CI, 1.024–1.162) or flexible
baseline-age adjustment (HR, 1.090; 95% CI, 1.024–1.160).
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Table 2
Primary fixed elapsed-time model

Exposure n Events HR 95% CI P value

Neuroticism, per 1 SD 7,217 1,067 1.091 1.025–1.161 .006

The model used fixed 2-year elapsed-time bins, log segment duration as an offset, and adjustment
for baseline age, sex, four-category race/ethnicity, and education. Standard errors were clustered by
participant.

The model used fixed 2-year elapsed-time bins, log segment duration as an offset, and adjustment for
baseline age, sex, four-category race/ethnicity, and education. Standard errors were clustered by
participant.

Reporter, measurement, weighting, and covariate
sensitivities
Reconstructing follow-up using respondent interviews only included 6,965 participants and 967 first
positive self-reports, including 13 participants whose primary first positive report had been proxy-
reported; the HR was 1.082 (95% CI, 1.013–1.156; P=.020). Under the HRS two-of-four-item scoring rule,
7,243 participants and 1,070 events yielded HR 1.090 (95% CI, 1.024–1.160; P=.007). Excluding 94
participants whose psychosocial questionnaire was recorded as completed by someone other than the
designated participant yielded HR 1.087 (95% CI, 1.021–1.158; P=.009).

The IPCW attrition sensitivity with truncated stabilized weights yielded HR 1.086 (95% CI, 1.018–1.159;
P=.012) in 7,101 participants. The leave-behind respondent-weighted estimate was 1.093 (95% CI,
1.020–1.171; P=.012) among 7,112 participants. Additional smoking, body mass index, diabetes, and
hypertension adjustment yielded HR 1.077 (95% CI, 1.010–1.147; P = .023) in 7,091 participants
(Table 3).
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Table 3
Measurement, reporter, inference, weighting, and cardiometabolic sensitivities

Analysis n Events HR 95% CI P
value

Primary analysis 7,217 1,067 1.091 1.025–
1.161

.006

Household-clustered standard errors 7,217 1,067 1.091 1.024–
1.162

.007

Baseline age natural spline (3 df) 7,217 1,067 1.090 1.024–
1.160

.007

HRS scoring rule, at least 2 of 4 items 7,243 1,070 1.090 1.024–
1.160

.007

Excluding questionnaire completed by another
person

7,123 1,056 1.087 1.021–
1.158

.009

Respondent-interview-only reconstruction 6,965 967 1.082 1.013–
1.156

.020

IPCW attrition sensitivity, 1st/99th percentile
truncated

7,101 1,005 1.086 1.018–
1.159

.012

Leave-behind respondent-weighted 7,112 1,054 1.093 1.020–
1.171

.012

Cardiometabolic complete-case base 7,091 1,044 1.082 1.016–
1.153

.014

Plus smoking, BMI, diabetes, and hypertension 7,091 1,044 1.077 1.010–
1.147

.023

Ascertainment and overlapping-construct probes
In the healthcare-use complete-case sample, the minimally adjusted HR was 1.076 (95% CI, 1.010–
1.148). It was 1.062 (95% CI, 0.996–1.133) after adjustment for log doctor visits and 1.041 (95% CI,
0.976–1.111) after all measured general healthcare-use variables were included. Among participants
with at least seven doctor visits, the HR was 1.096 (95% CI, 1.006–1.195).

In the baseline CES-D complete-case sample, the HR changed from 1.096 (95% CI, 1.030–1.168) to
1.048 (95% CI, 0.980–1.121) after adjustment for depressive symptoms. After adjustment for baseline
self-rated eyesight and cataract history, the HR was 1.053 (95% CI, 0.989–1.122). These models are
explanatory sensitivity analyses: depressive symptoms overlap conceptually with neuroticism, and
healthcare use or eye-health measures may partly reflect ascertainment or pathways rather than
conventional baseline confounding (Table 4).
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Table 4
Healthcare-use, depressive-symptom, and baseline eye-health probes

Analysis n Events HR 95% CI P value

Healthcare-use complete-case base 6,871 1,010 1.076 1.010–1.148 .024

Plus log doctor visits 6,871 1,010 1.062 0.996–1.133 .067

Plus all measured general healthcare-
use variables

6,871 1,010 1.041 0.976–1.111 .224

Restricted to at least 7 doctor visits 3,531 542 1.096 1.006–1.195 .036

CES-D complete-case base 7,078 1,055 1.096 1.030–1.168 .004

Plus baseline CES-D 7,078 1,055 1.048 0.980–1.121 .172

Eye-health complete-case base 7,204 1,060 1.089 1.023–1.160 .008

Plus baseline eyesight and cataract
history

7,204 1,060 1.053 0.989–1.122 .107

Healthcare use, depressive symptoms, and eye-health measures were not included in the primary
model because their causal and ascertainment roles are ambiguous.

Healthcare use, depressive symptoms, and eye-health measures were not included in the primary model
because their causal and ascertainment roles are ambiguous.

Landmark and competing-risk analyses
At a 4-year landmark, 6,030 participants and 785 subsequent events contributed 34,640 person-years;
the HR was 1.072 (95% CI, 0.995–1.154; P=.069). At a 6-year landmark, 4,921 participants and 529
events contributed 23,710 person-years; the HR was 1.064 (95% CI, 0.972–1.166; P=.181). The smaller
point estimates do not establish temporal modification (Table 5).

Table 5
True delayed-entry landmark analyses

Analysis n Events Person-years HR 95% CI P value

Primary, time zero at index 7,217 1,067 61,833 1.091 1.025–1.161 .006

4-year landmark 6,030 785 34,640 1.072 0.995–1.154 .069

6-year landmark 4,921 529 23,710 1.064 0.972–1.166 .181

Within 10 years, 843 first positive reports and 2,246 death-first events entered the common-grid
competing-risk analysis; 2,471 cohort members had a recorded death within 10 years. The standardized
probability of a first positive report was 11.40% (95% household-bootstrap CI, 10.50%–12.38%) at the
25th percentile of neuroticism and 12.60% (11.77%–13.47%) at the 75th percentile, a difference of 1.20
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percentage points (0.25–2.13). Treating death as ordinary censoring yielded 13.70% and 15.50%,
respectively, a difference of 1.80 percentage points (0.68–2.92). These are different estimands.

Across these analyses, the estimate for a 1-SD higher baseline neuroticism was materially unchanged in
direction and remained close to that of the primary fixed elapsed-time model (Fig. 2).

Discussion

Principal findings
In this longitudinal HRS analysis, higher baseline neuroticism was associated with a modest increase in
the rate of a first subsequent respondent- or proxy-reported history of doctor-treated glaucoma. The
result was similar under respondent-only outcome reconstruction, the HRS-recommended exposure
scoring rule, the IPCW attrition sensitivity, household clustering, flexible age adjustment, leave-behind
respondent weighting, and cardiometabolic adjustment. Point estimates were smaller in true 4- and 6-
year landmark analyses, but their confidence intervals overlapped the primary estimate and do not
demonstrate that the association changes with time.

The healthcare-use, depressive-symptom, and baseline eye-health probes are central to interpretation.
General healthcare-use adjustment moved the estimate toward the null, while the association remained
positive among participants with frequent doctor contact. Adjustment for depressive symptoms or
baseline eye-health measures also attenuated the estimate. These patterns are compatible with residual
confounding, overlapping psychological measurement, detection or reporting processes, mediation
through healthcare seeking, or combinations of these mechanisms. The present data cannot distinguish
among them.

Comparison with previous evidence
Earlier personality studies were largely cross-sectional and used clinical glaucoma samples, so
personality measured after diagnosis could reflect both antecedent disposition and the experience of
treatment or visual loss [8–11]. Prospective studies of depression, loneliness, and social isolation have
reported associations with subsequent glaucoma outcomes, but their exposures and ascertainment
differ from those used here [12–15]. A broad composite eye outcome in a British birth cohort and
genetic triangulation of negative-emotion phenotypes do not directly answer the HRS question [16, 17].
The present contribution is therefore temporal ordering for a narrow reporting-based endpoint, not proof
that neuroticism is a glaucoma risk factor.

Interpretation
Neuroticism could be associated with behaviors or physiologic processes relevant to eye health, but no
mechanism was measured here. It may also influence symptom vigilance, recall, willingness to report
prior treatment, or healthcare seeking [5, 6]. General healthcare-use measures only partially address
these possibilities because they do not identify eye examinations, optometry, or ophthalmology care.
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Eye-care use varies with insurance, income, existing eye disease, education, functional status, cognition,
and geographic access [37, 38], but those studies do not establish variation by neuroticism.

The attenuation after healthcare-use adjustment should not be described as robustness to healthcare
utilization. Nor does it prove detection bias: doctor visits could be an ascertainment variable, a
confounder, or part of a behavioral pathway from personality to clinical recognition. Similarly, the smaller
landmark estimates may reflect delayed recognition of baseline disease, regression dilution of a once-
measured personality score, fewer events, or residual selection; they do not confirm early concentration.

Strengths and limitations
Strengths include a clear temporal order, direct agreement between raw and harmonized glaucoma
values in every analytic interval, explicit reporter auditing, common fixed elapsed-time bins, repeated
outcome assessment, and sensitivity analyses addressing measurement, reporter type, attrition,
household clustering, healthcare use, depressive symptoms, baseline eye health, delayed entry, and
competing death.

Several limitations are important. First, the endpoint was a survey report of doctor treatment, not a
clinical diagnosis or onset date. Undiagnosed, untreated, or unreported glaucoma at baseline could not
be identified, and glaucoma subtype and severity were unavailable. Second, proxy and respondent
reports may differ, although the respondent-only estimate was similar. Third, eye examinations and
ophthalmology-specific utilization were unavailable; general doctor-use measures cannot isolate
ophthalmic ascertainment. Validation studies show that self-reported eye disease can have limited
sensitivity and does not substitute for examination-based classification [39, 40, 41], although their
estimates should not be transferred directly to the HRS item. Fourth, the four-item neuroticism scale was
measured once, had moderate internal consistency, and in a small minority could be completed by
someone other than the designated participant; the completion-mode exclusion sensitivity was similar.
Fifth, residual confounding remains, including incomplete measurement of family history, lifetime
socioeconomic conditions, eye-care access, and clinical ocular risk. Sixth, requiring a returned
psychosocial questionnaire, a later glaucoma assessment, and complete primary covariates selected a
subset of HRS participants; the observed rate is not a national clinical incidence estimate. Seventh,
censoring weights depend on measured predictors and the specified model, and their robust variance
treated estimated weights as fixed. Finally, death and loss to follow-up are substantial in an older cohort,
and the competing-risk absolute-risk calculation depends on interval and event-order assumptions.

Implications
The association is too small and too dependent on a reporting-based endpoint to support screening or
treatment decisions. It motivates evaluation in cohorts combining validated personality assessment with
standardized eye examinations, dated diagnoses, glaucoma subtype, and ophthalmology-specific
utilization. Such data are needed to distinguish disease occurrence from detection and reporting.
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Conclusion
Higher baseline neuroticism was associated with a modestly higher rate of subsequent reporting of
doctor-treated glaucoma among selected HRS participants aged 65 years or older. The association
attenuated in several ascertainment and overlapping-construct probes and should not be interpreted
causally. Clinical ophthalmic cohorts are required to determine whether the finding reflects disease
occurrence, detection, reporting, or a combination.

Abbreviations
HRS: The Health and Retirement Study

HR: hazard ratio

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki. The Health and
Retirement Study (HRS) is sponsored by the National Institute on Aging (NIA U01AG009740) and is
conducted by the University of Michigan. The HRS protocols were approved by the University of Michigan
Institutional Review Board, and written informed consent was obtained from all participants. The present
analysis used de-identified, publicly available HRS data; no additional identifiable information was
accessed.[42] 

Clinical trial number: not applicable.

Consent for publication
Not applicable

Availability of data and materials
Public-use HRS data are available to registered users under the HRS Conditions of Use.[43]

Competing interests
The authors declare that they have no competing interests.

Page 13/19



Funding
No funding was received for this study.

Authors' contributions
All authors (CL, JL, and TL) contributed to the conception and design of the study. CL contributed to the
analysis and interpretation of data . All authors (CL, JL, and TL) read and approved the final manuscript.

Acknowledgements
The authors thank the participants and staff of the HRS for their dedication and contribution to the
research.

References
1. Weinreb, R. N. et al. Primary open-angle glaucoma. Nat. Rev. Dis. Primers. 2, 16067.

10.1038/nrdp.2016.67 (2016).

2. Ehrlich, J. R. et al. Prevalence of glaucoma among US adults in 2022. JAMA Ophthalmol. 142 (11),
1046–1053. 10.1001/jamaophthalmol.2024.3884 (2024).

3. Strickhouser, J. E., Zell, E. & Krizan, Z. Does personality predict health and well-being? A
metasynthesis. Health Psychol. 36 (8), 797–810. 10.1037/hea0000475 (2017).

4. Sutin, A. R. et al. The Five-Factor Model of Personality and physical inactivity: a meta-analysis of 16
samples. J. Res. Pers. 63, 22–28. 10.1016/j.jrp.2016.05.001 (2016).

5. Willroth, E. C. et al. Personality traits and health care use: a coordinated analysis of 15 international
samples. J. Pers. Soc. Psychol. 125 (3), 629–648. 10.1037/pspp0000465 (2023).

6. Costa, P. T. Jr & McCrae, R. R. Neuroticism, somatic complaints, and disease: is the bark worse than
the bite? J. Pers. 55 (2), 299–316. 10.1111/j.1467-6494.1987.tb00438.x (1987).

7. Sabel, B. A. & Lehnigk, L. Is mental stress the primary cause of glaucoma? Klin. Monbl Augenheilkd.
238 (2), 132–145. 10.1055/a-1303-8025 (2021).

8. Mabuchi, F. et al. Personality assessment based on the five-factor model of personality structure in
patients with primary open-angle glaucoma. Jpn J. Ophthalmol. 49 (1), 31–35. 10.1007/s10384-004-
0134-3 (2005).

9. Lim, M. C. et al. and Barthelow I J. Personality type of the glaucoma patient. J. Glaucoma. 16 (8),
649–654. 10.1097/IJG.0b013e31806ab2eb (2007).

10. Çakmak, H. et al. The temperament and character personality profile of the glaucoma patient. BMC
Ophthalmol. 15, 125. 10.1186/s12886-015-0117-9 (2015).

Page 14/19



11. Tan, Z. et al. Personality types of patients with glaucoma: a systematic review of observational
studies. Med. (Baltim). 100 (23), e25914. 10.1097/MD.0000000000025914 (2021).

12. Jung, Y., Han, K., Wang, S-M., Yoon, H. Y. & Moon, J. I. Effect of depressive symptom and depressive
disorder on glaucoma incidence in elderly. Sci. Rep. 11 (1), 5888. 10.1038/s41598-021-85380-6
(2021).

13. Yao, X. et al. Exploring the mechanisms linking depression and glaucoma: a cohort study of UK
Biobank. Transl Vis. Sci. Technol. 14 (7), 5. 10.1167/tvst.14.7.5 (2025).

14. Zhu, X. et al. Loneliness and social isolation are associated with an increased risk of glaucoma: a
UK Biobank cohort study. BMC Public. Health. 24 (1), 2109. 10.1186/s12889-024-19649-6 (2024).

15. Yu, W. et al. Cumulative loneliness and social isolation are associated with incident glaucoma in
Chinese and US cohorts. Sci Rep Published online July. 13 10.1038/s41598-026-61845-4 (2026).

16. Cheng, H. & Furnham, A. Personality traits neuroticism and openness as well as early abnormal eye
conditions as predictors of the occurrence of eye problems in adulthood. Health Psychol. Open. 4
(2), 2055102917716205. 10.1177/2055102917716205 (2017).

17. Qi, J., Zha, Z., Ke, L., Zhang, Y. & Liu, S. No evidence of a causal relationship between negative
emotions and glaucoma: evidence triangulation from genetic correlation, Mendelian randomisation
and colocalisation. BMJ Open. Ophthalmol. 10 (1), e002347. 10.1136/bmjophth-2025-002347
(2025).

18. Sonnega, A. et al. Cohort Profile: the Health and Retirement Study (HRS). Int. J. Epidemiol. 43 (2),
576–585. 10.1093/ije/dyu067 (2014).

19. Smith, J., Ryan, L. H., Larkina, M., Sonnega, A. & Weir, D. R. Psychosocial and Lifestyle Questionnaire
2006–2022: User Guide, Core Section LB. Ann Arbor, MI: Survey Research Center, Institute for Social
Research, University of Michigan; (2023).

20. Health and Retirement Study. HRS Core (Final V4.0) [data set]. Ann Arbor, MI: University of Michigan;
2021. [data set]. Ann Arbor, MI: University of Michigan; 2021. (2006). 10.7826/FSDG9739

21. Health and Retirement Study. HRS Core (Final V3.0) [data set]. Ann Arbor, MI: University of Michigan;
2014. [data set]. Ann Arbor, MI: University of Michigan; 2014. (2008). 10.7826/RUVG6753

22. Bugliari, D. et al. RAND HRS Longitudinal File 2020 (V2) Documentation: Includes 1992–2020 (Final
Release) (RAND Corporation, 2024). 10.7249/TLA2097-1-v3

23. Wang, Y. et al. Harmonized HRS, Version D. Gatew. Global Aging Data. 10.25549/4smz-hp46 (2023).

24. Health and Retirement Study Staff. Health and Retirement Study 2020 Tracker, Final Version 1.0. Ann
Arbor, MI: Survey Research Center, Institute for Social Research, University of Michigan. (2024).
https://hrs.isr.umich.edu/publications/biblio/13718. Accessed August 14, 2026.

25. Clarke, P., Fisher, G., House, J., Smith, J. & Weir, D. Guide to Content of the HRS Psychosocial Leave-
Behind Participant Lifestyle Questionnaires: 2004 &. Documentation Report Version 2.0. Ann Arbor,
MI: Survey Research Center, Institute for Social Research, University of Michigan; 2008. (2006).

Page 15/19



26. Lachman, M. E. & Weaver, S. L. The Midlife Development Inventory (MIDI) Personality Scales: Scale
Construction and Scoring (Brandeis University, 1997).

27. Allison, P. D. Discrete-time methods for the analysis of event histories. In: (ed Leinhardt, S.)
Sociological Methodology 1982. San Francisco, CA: Jossey-Bass; :61–98. doi:10.2307/270718.
(1982).

28. Prentice, R. L. & Gloeckler, L. A. Regression analysis of grouped survival data with application to
breast cancer data. Biometrics 34 (1), 57–67. 10.2307/2529588 (1978).

29. Zeileis, A., Köll, S. & Graham, N. Various versatile variances: an object-oriented implementation of
clustered covariances in R. J. Stat. Softw. 95 (1), 1–36. 10.18637/jss.v095.i01 (2020).

30. Robins, J. M. & Finkelstein, D. M. Correcting for noncompliance and dependent censoring in an AIDS
clinical trial with inverse probability of censoring weighted (IPCW) log-rank tests. Biometrics 56 (3),
779–788. 10.1111/j.0006-341X.2000.00779.x (2000).

31. Cole, S. R. & Hernán, M. A. Constructing inverse probability weights for marginal structural models.
Am. J. Epidemiol. 168 (6), 656–664. 10.1093/aje/kwn164 (2008).

32. Austin, P. C., Lee, D. S. & Fine, J. P. Introduction to the analysis of survival data in the presence of
competing risks. Circulation 133 (6), 601–609. 10.1161/CIRCULATIONAHA.115.017719 (2016).

33. Andersen, P. K., Geskus, R. B., de Witte, T. & Putter, H. Competing risks in epidemiology: possibilities
and pitfalls. Int. J. Epidemiol. 41 (3), 861–870. 10.1093/ije/dyr213 (2012).

34. Keil, A. P., Edwards, J. K., Richardson, D. B., Naimi, A. I. & Cole, S. R. The parametric g-formula for
time-to-event data: intuition and a worked example. Epidemiology 25 (6), 889–897.
10.1097/EDE.0000000000000160 (2014).

35. Field, C. A. & Welsh, A. H. Bootstrapping clustered data. J. R Stat. Soc. Ser. B Stat. Methodol. 69 (3),
369–390. 10.1111/j.1467-9868.2007.00593.x (2007).

36. von Elm, E. et al. The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet 370 (9596), 1453–1457.
10.1016/S0140-6736(07)61602-X (2007).

37. Wagner, L. D. & Rein, D. B. Attributes associated with eye care use in the United States: a meta-
analysis. Ophthalmology 120 (7), 1497–1501. 10.1016/j.ophtha.2012.12.030 (2013).

38. Sloan, F. A., Yashkin, A. P. & Chen, Y. Gaps in receipt of regular eye examinations among Medicare
beneficiaries diagnosed with diabetes or chronic eye diseases. Ophthalmology 121 (12), 2452–
2460. 10.1016/j.ophtha.2014.07.020 (2014).

39. Patty, L. et al. Validity of self-reported eye disease and treatment in a population-based study: the
Los Angeles Latino Eye Study. Ophthalmology 119 (9), 1725–1730. 10.1016/j.ophtha.2012.02.029
(2012).

40. MacLennan, P. A., McGwin, G. Jr, Searcey, K. & Owsley, C. Medical record validation of self-reported
eye diseases and eye care utilization among older adults. Curr. Eye Res. 38 (1), 1–8.
10.3109/02713683.2012.733054 (2013).

Page 16/19



41. Gupta, P. et al. Prevalence of glaucoma in the United States: the 2005–2008 National Health and
Nutrition Examination Survey. Invest. Ophthalmol. Vis. Sci. 57 (6), 2577–2585. 10.1167/iovs.15-
18469 (2016).

42. Health and Retirement Study Staff & Weir, D. R. HRS Institutional Review Board Information. Ann
Arbor, MI: Survey Research Center, Institute for Social Research, University of Michigan; (2024).
https://hrs.isr.umich.edu/publications/biblio/9048. Accessed August 14, 2026.

43. Health and Retirement Study. Conditions of Use for Public Data. (2026).
https://hrs.isr.umich.edu/data-products/access-to-public-data/conditions-of-use. Accessed August
14.

Figures

Page 17/19



Figure 1

Cohort flow
Sequential formation of the primary analytic cohort from first 2006 or 2008 HRS psychosocial leave-
behind assessment to 7,217 participants with a subsequent glaucoma assessment and complete
primary covariates.
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Figure 2

Primary and key sensitivity estimates
Hazard ratios and 95% confidence intervals per 1-SD higher baseline neuroticism. The forest plot
includes the primary fixed elapsed-time analysis, respondent-only reconstruction, HRS two-of-four-item
scoring, exposure-completion sensitivity, household clustering, flexible age, IPCW attrition sensitivity,
leave-behind weighting, cardiometabolic adjustment, all-general-healthcare-use adjustment, baseline
CES-D adjustment, baseline eye-health adjustment, and true 4- and 6-year landmarks. Models differ in
sample and purpose; attenuation probes are not alternative primary estimates.
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