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Purpose: To explore the relationship of long-term blood pressure (BP) patterns with
late-life optical coherence tomography (OCT) structural measures reflecting optic nerve
health.

Methods:Participants in this community-based cohort studyof black andwhite individ-
uals were part of the Atherosclerosis Risk in Communities study and the nested Eye
Determinants of Cognition (EyeDOC) study. Participants had BP measured six times
from 1987 to 2017 and were categorized into five BP patterns: sustained normoten-
sion; midlife normotension, late-life hypertension (systolic BP [SBP] >140 mmHg or
diastolic BP [DBP]>90mmHg or antihypertensivemedication use); sustained hyperten-
sion; midlife normotension, late-life hypotension (SBP <90 mmHg or DBP <60 mmHg);
and midlife hypertension, late-life hypotension. Multivariable linear regression model-
ing was used to evaluate associations between BP patterns and late-life OCT ganglion
cell complex (GCC) and peripapillary retinal nerve fiber layer (RNFL) thickness.

Results: In total, 931 eyes of 931 participants (mean age at EyeDOC visit = 80 years;
63% female; 45%black)were included.MeanGCCandRNFL thicknesses in the sustained
normotension pattern were 90.8 ± 10.3 μm and 89.9 ± 11.2 μm versus 89.4 ± 11.9 μm
and 90.1 ± 12.2 μm in the sustained hypertension pattern (P > 0.05). Compared to the
sustained normotension pattern, no significant differences in GCC or RNFL thickness
were found for any anomalous BP pattern.

Conclusions: Assessment of long-term BP status showed no significant associations
with late-life OCT structural measures.

Translational Relevance:OCT imaging results in our population-based sample suggest
that neither hypertension, even when present in midlife, nor late-life hypotension are
significant risk factors for late-life optic nerve damage.

Introduction

Hypertension affects 33.2% of Americans aged 40
to 59 years and 63% of those aged 60 years and older.1
While hypertension can be addressed with antihyper-
tensive medications,2,3 data suggest only 48% of adults
with hypertension in theUnited States have their hyper-
tensionwell controlledwithmedication.1 In both cross-
sectional studies of midlife blood pressure (BP) and

long-term studies evaluating BP in midlife and late
life, hypertension has been shown to impact late-life
health outcomes, including cardiovascular disease and
mortality,4–6 stroke,7 type 2 diabetes mellitus,8 hearing
loss,9 and dementia,10 suggesting that the effects of
hypertension may develop over many years.

Research evidence remains mixed on the relation-
ship between hypertension and retinal ganglion
cell/optic nerve health, which can be assessed using
optical coherence tomography (OCT). Some studies
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have found an association of hypertension with thinner
retina thickness11 and increased prevalence of retinal
nerve fiber layer (RNFL) defects.12 Hypertension
and higher BP have been both positively13–15 and
negatively16 correlated with glaucoma, but most
studies argue against an association between the
two.17–20 Hypotension, which can be the result of
overtreating hypertension using antihypertensive
medications, has also been linked to structural eye
changes. Some reports have associated low diastolic
blood pressure (DBP),15 low perfusion pressure (BP
– intraocular pressure [IOP]),15,16 and low diastolic
perfusion pressure (DBP – IOP) with primary open-
angle glaucoma (POAG).13,15,16,20,21 One analysis,
among 232 participants of the Thessaloniki Eye
Study, associated having DBP <90 mmHg due to
antihypertensive treatment with decreased optic
disc rim area,22 but a more recent analysis of the
data found no association between antihypertensive
treatment and POAG among 2554 participants.23
Conflicting findings from cross-sectional studies may
be due to study limitations. In particular, the cross-
sectional use of blood pressures may poorly represent
long-term BP trends that influence the development
of health outcomes and diseases in late life.24–26
Longitudinal BP measures are a better assessment of
cardiovascular health,27 which may lead to conditions
such as optic nerve damage over a period of many
years.

The connection between long-term BP status and
late-life optic nerve measures remains unknown, but
elucidating this relationship is crucial to understand-
ing the ocular benefits and risks of BP status and
any subsequent late-life eye outcomes. To explore this
association, we utilized data from the Atherosclero-
sis Risk in Communities (ARIC) and Eye Determi-
nants of Cognition (EyeDOC) studies. Participants in
the ARIC study had their BP recorded over nearly
three decades. OCT retinal measures, including macula
thickness of the ganglion cell complex (GCC) and
peripapillary RNFL thickness, were obtained from
EyeDOC, a later ancillary study of ARIC participants.
Here, we examine the relationship of long-term BP
status, accounting for both midlife and late life, with
these late-life OCT measures of optic nerve structure.

Methods

Participants

The ARIC study is an ongoing cohort study that
recruited 15,792 participants from four communities
in the United States between 45 and 64 years of age
from 1987 to 1989.28 BP measures were taken at six
visits from 1987 to 2017 (Fig. 1). The EyeDOC study
(n = 1073) is an ancillary study of ARIC participants
who were enrolled and examined between May 2017

Figure 1. ARIC and EyeDOC study timelines and long-term blood pressure patterns (n = 931). +, hypertension; Normo, normotension; −,
hypotension.Dotted red line: relative BP level. Participantswithmidlife hypertension/late-life normotensionwere not included in the primary
analysis because of small sample size (n = 6). Blood pressures were grouped as midlife (visits 1–4) and late life (visits 5–6).
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and June 2019. EyeDOC participants included black
individuals from Jackson, Mississippi, and mostly
white individuals fromWashington County,Maryland.
Thus, study site was tied to race. Visual function
measures and retinal imaging were taken at the
EyeDOC visit and retinal pathology was assessed by
ophthalmologists at the Wilmer Eye Institute using
criteria from the Early Treatment Diabetic Retinopa-
thy Study Retinal Grading Protocol, the International
Vitreomacular Traction Study Group Classification
of Macular Hole, and the system of International
Nomenclature for Optical Coherence Tomography
Panel.29–31 Institutional review board/ethics commit-
tee approval was obtained for the ARIC study and
EyeDOC study at the respective ARIC sites, and all
participants gave written informed consent at each
ARIC and EyeDOC visit. Research adhered to the
tenets of the Declaration of Helsinki.

Inclusion and Exclusion Criteria

The study sample included all those enrolled in
the EyeDOC study with at least two consecutive BP
measures from visits 1 to 4 and BP measures at both
visits 5 and 6 (n = 1032), with the following excep-
tions. Participants with indications of overt retinal
eye disease other than glaucoma (e.g., macula edema,
age-relatedmacular degeneration, diabetic retinopathy,
proliferative retinopathy, and retinal vessel occlusion)
were excluded (n = 31) in this study, since these condi-
tions may affect OCT retinal outcomes. Glaucoma was
not excluded because its occurrence may be related to
BP status. Eight nonwhite participants in Washington
County, 60 participants without quality OCT imaging,
and 8 participants with axial length (AL)<19mmwere
excluded for a final analytic sample of 931 eyes of 931
participants (Supplementary Fig. S1). Note that some
participants were excluded based on more than one
criterion. Participants without GCC measures were
excluded fromGCC analyses (n= 13), and participants
without RNFL measures were excluded from RNFL
analyses (n= 76). In the adjusted analyses, participants
missing information for diabetes (n= 17) at visit 5 were
also excluded.

Blood Pressure Measurements and
Classification

Systolic blood pressure (SBP) and DBP were
measured at visits 1 to 4 with a random zero sphyg-
momanometer and at visits 5 and 6 with an automated
sphygmomanometer. BP was assessed with seated
participants after a 5-minute rest period. At each visit,

two to three BP measures were taken with at least 30
seconds separating each measure. BP was calculated as
the mean of the final two measurements. At each visit,
hypertension was defined as SBP >140 mmHg or DBP
>90 mmHg or if participants reported use of antihy-
pertensivemedication in the past 2 weeks. Hypotension
was defined as SBP <90 mmHg or DBP <60 mmHg,
regardless of use of antihypertensive medication and
superseding hypertension classification.10,32

BP measures were categorized as midlife from visits
1 to 4, between the mean ages of 50.7 and 59.6 years,
and late life from visits 5 to 6, between the mean ages
of 74.2 and 79.1 years, similar to prior reports linking
long-term BP status with hearing and cognition.9,10 In
midlife, participants were assigned as having midlife
hypertension if they satisfied criteria for hypertension
at two or more consecutive visits and were otherwise
considered to have midlife normotension, consistent
with Walker et al.10 Hypotension was not delineated in
midlife since it is rarely seen. Classifications for late-
life BP status incorporated data from both visits 5 and
6, providing increased confidence about late-life BP
status compared to using data from a single visit. This
contrasts with Walker et al.,10 who used only visit 5
data for late life, and Ting et al.,9 who used only visit 6
data for late life. Late-life hypertension was defined as
meeting the definition for hypertension at both visits 5
and 6, and late-life hypotension was defined as meeting
the definition for hypotension at both visits 5 and 6.
The remaining participants with BP measures at both
visits 5 and 6 were considered late-life normotensive.
Participants missing BP measures at either visit 5 or
6 were excluded from the study. Using these defini-
tions, participants were grouped into one of five long-
term BP patterns (Fig. 1 and Supplementary Table
S1): sustained normotension, defined as normotension
in midlife and late life; midlife normotension, late-life
hypertension; sustained hypertension, defined as hyper-
tension in midlife and late life; midlife normotension,
late-life hypotension; andmidlife hypertension, late-life
hypotension.

Midlife and late-life SBP and DBP were defined
as the mean of available SBP or DBP measures from
visits 1 to 4 for midlife and visits 5 and 6 for late life.
Mean arterial pressure (MAP) for each visit was calcu-
lated using the following formula: MAP = (2/3)DBP +
(1/3)SBP.Midlife and late-lifeMAPwere defined as the
mean of available MAP measures from visits 1 to 4 for
midlife and visits 5 and 6 for late life.

OCT Retinal Measures

Total thickness of the macular GCC and peripap-
illary RNFL was obtained from OCT scans of one



Long-Term Blood Pressure and Optic Nerve Structure TVST | February 2023 | Vol. 12 | No. 2 | Article 3 | 4

eye of each participant, captured with an RTVue-
XR Avanti system spectral OCT system (OptoVue;
AngioVue, Fremont, CA, USA). Both eyes were
scanned in a random 10% sample of study participants,
and one eye was scanned in the remaining 90% sample
of study participants.33 The study eye, one eye for each
participant, was chosen based on a participant’s ARIC
study ID: if the last digit in the ARIC ID was odd, the
left eye was chosen, and if the last digit in the ARIC ID
was even, the right eyewas chosen. Scanswere obtained
after pupillary dilation with the patient positioned in
the instrument, per protocol. The scan had an A-scan
rate of 70,000 scans/s using a light source centered on
840 nm. Scans were screened for quality based on signal
strength index ([SSI], SSI ≥44 for GCC; SSI ≥37 for
RNFL).34 Ocular biometry (IOL Master V.5.4; Carl
Zeiss, Meditec, Oberkochen, Germany) was used to
determine AL (mm). Participants with AL <19 mm
were excluded. AL was imputed in nine eyes from nine
participants, who were missing AL measures, using
the mean AL measures from other eyes with the same
spherical equivalent.

RNFL was normalized by AL using the following
formula: RNFL(AL normalized) = RNFL(machine
exported) × AL(biometry measured)/23.7 mm; 23.7
mm is the AL from a standard eye. Based on findings
from the Advanced Imaging for Glaucoma Study
Group that RNFL thickness depended significantly on
AL,35 RNFL thickness was normalized to obtain a true
RNFL measure.

Covariates

Adjusted analyses accounted for age; AL; sex; study
site, which was tied to race; and diabetes. Age and
AL were obtained at the EyeDOC visit. Diabetes was
defined at visit 5 as fasting glucose ≥126 mg/dL or
nonfasting glucose ≥200 mg/dL or use of medication
for diabetes or self-report of a physician’s diagnosis of
diabetes.

Statistical Methods

One-way analysis of variance testing was used to
look for differences in continuous variables across
BP patterns while χ2 testing was used for categorical
variables. Fisher’s exact test was used to compare use
of antihypertensive medication at any visit across BP
patterns due to expected small frequency (<5) in the
midlife hypertension/late-life hypotension pattern.

To visualize the relationship between BP as a
continuous variable and OCT measures (GCC
and RNFL thickness), locally weighted scatterplot

smoothing (LOWESS) was used with MAP measures
from midlife and late life.

To assess the relationship between long-term
BP patterns and late-life OCT measures, multivari-
able linear modeling was used with the sustained
normotension pattern as the reference. Beta coeffi-
cients were calculated, which are reported as
deltas—the difference in GCC or RNFL thick-
ness between the reference and the long-term BP
pattern being analyzed. Unadjusted and adjusted
models were evaluated. Analyses were also stratified
by study site/race. Analyses were conducted using
Stata version 17 (StataCorp, College Station, TX,
USA).

Sensitivity Analyses

To explore how measured BP, regardless of
antihypertensive medication treatment, was associ-
ated with late-life OCT measures, hypertension
was redefined as SBP >140 mmHg or DBP
>90 mmHg, regardless of use of antihypertensive
medication.

Results

In total, 1,073 eyes of 1,073 participants were
examined in the EyeDOC study. Of these, 1,032
participants had BP measures at both visits 5 and
6; 101 participants were removed, mostly because of
low-quality OCT imaging or having retinal pathol-
ogy other than glaucoma (Supplementary Fig. S1).
Due to small sample size, participants with midlife
hypertension/late-life normotension were excluded
from the primary analysis (n = 6). The final analytic
sample consisted of 931 eyes of 931 participants—
918 (99%) had GCC measured and 855 (92%) had
RNFL measured. Compared to participants in the
final analytic sample, excluded participants were older,
more likely to have diabetes at visit 5, and more likely
to report use of antihypertensive medication at visit 1.
Excluded participants also had higher mean SBPs in
midlife and late life, along with higher mean DBPs in
midlife.

Figure 1 shows the prevalence of each long-term BP
pattern, and Table shows participant characteristics,
grouped by BP pattern. Mean age at the EyeDOC
visit was 80.4 ± 4.3 years (standard deviation), 63%
were female, and 45% self-identified as black. Mean
follow-up time from visit 1 to the EyeDOC visit was
29.7 ± 1.0 years, and mean follow-up time from visits 1
to 6 was 28.4 ± 0.9 years. Of the participants, 35% had
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Table. Demographic and OCT Measures Among All Participants by Long-Term Blood Pressure Pattern (n = 931)

Characteristic

Sustained
Normoten-

sion

Midlife
Normotension,

Late-Life
Hypertension

Sustained
Hypertension

Midlife
Normoten-

sion, Late-Life
Hypotension

Midlife
Hypertension,

Late-Life
Hypotension P Value

Numbera 165 356 292 84 34
Demographics
Age, mean (SD), y 79.7 (4.1) 80.2 (4.4) 80.3 (4.1) 81.9 (4.4) 82.3 (4.8) <0.001
Female, n (%) 100 (60.6) 209 (58.7) 198 (67.8) 54 (64.3) 24 (70.6) 0.14
Male, n (%) 65 (39.4) 147 (41.3) 94 (32.2) 30 (35.7) 10 (29.4)

Community (race), n (%)
Jackson, MS (black) 50 (30.3) 154 (43.3) 191 (65.4) 13 (15.5) 9 (26.5) <0.001
Washington County, MD

(white)
115 (69.7) 202 (56.7) 101 (34.6) 71 (84.5) 25 (73.5)

Health, n (%)
V5 diabetes 29 (17.7) 130 (37.0) 116 (40.9) 27 (32.5) 17 (53.1) <0.001
Baselineb use of

antihypertensive
medication

2 (1.2) 24 (6.7) 164 (56.2) 2 (2.4) 17 (50.0) <0.001

Use of antihypertensive
medication at any visit

52 (31.5) 350 (98.3) 291 (99.7) 69 (82.1) 34 (100.0) <0.001

Blood pressure, mean (SD), mmHg
Midlife SBP 106.4 (8.2) 117.2 (8.9) 130.7 (13.7) 113.9 (12.4) 127.9 (12.4) <0.001
Midlife DBP 66.3 (6.4) 71.9 (6.6) 80.0 (8.0) 66.2 (6.5) 72.8 (6.4) <0.001
Late-life SBP 126.0 (10.2) 132.6 (13.4) 136.1 (15.2) 121.5 (14.3) 126.9 (17.2) <0.001
Late-life DBP 66.6 (6.7) 67.4 (7.0) 69.6 (7.8) 53.2 (3.3) 53.8 (3.8) <0.001

OCT measures and ocular characteristics, mean (SD)
GCC thickness, μm 90.8 (10.3) 90.1 (10.3) 89.4 (11.9) 91.1 (12.3) 90.4 (7.7) 0.62
RNFL (AL normalized)

thickness, μm
89.9 (11.2) 91.2 (11.6) 90.1 (12.2) 90.6 (11.2) 86.8 (12.0) 0.31

Axial length,c mm 23.6 (1.2) 23.6 (1.0) 23.6 (1.0) 23.5 (1.1) 23.6 (1.4) 0.89

Percentages (%) are in reference to the total number of participants within a blood pressure pattern. V5, visit 5.
aTherewere 17 participantsmissing information for diabeteswhowere excluded in adjusted analyses. Thirteen participants

missing GCC measures were excluded in GCC analyses, and 76 participants missing RNFL measures were excluded in RNFL
analyses.

bBaseline use of antihypertensive medication was measured at visit 1 (1987–1989).
cAL was assessed whenmeasuring GCC thickness andwhenmeasuring RNFL thickness. AL assessed whenmeasuring RNFL

thicknesswasused if available.Otherwise, AL assessedwhenmeasuringGCC thicknesswasused for the remainingparticipants
(n = 76).

diabetes at visit 5, and 86% of participants reported
use of antihypertensive medication at any visit,
including most participants with late-life hypotension
(82% of participants with midlife normotension/late-
life hypotension and 100% of participants with
midlife hypertension/late-life hypotension). In a sensi-
tivity analysis where hypertension was redefined
using BP measures alone (SBP >140 mmHg or
DBP >90 mmHg), the distribution of partici-

pants in BP patterns markedly changed compared
to the distribution in the primary analysis
(Supplementary Fig. S2).

Associations Between BP Patterns and GCC
Thickness

Mean GCC thickness was 90.1 ± 10.9 μm for all
participants, 90.8 ± 10.3 μm for those with sustained
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Figure 2. Scatterplots with LOWESS of late-life OCTmeasures andmidlife and late-life MAP. Scatterplots with LOWESS of (A) GCC thickness
with midlife MAP, (B) GCC thickness with late-life MAP, (C) RNFL thickness with midlife MAP, and (D) RNFL thickness with late-life MAP. Dots:
individual MAPmeasures with corresponding late-life OCTmeasure; line: LOWESS. All RNFLmeasurements were normalized by axial length.

normotension, 90.1 ± 10.3 μm for those with midlife
normotension/late-life hypertension, 89.4 ± 11.9
μm for those with sustained hypertension, 91.1 ±
12.3 μm for those with midlife normotension/late-
life hypotension, and 90.4 ± 7.7 μm for those
with midlife hypertension/late-life hypotension,
with no statistically significant differences between
groups (Table). No associations were found between
long-term BP and GCC thickness, as judged by
visual inspection of LOWESS lines on scatterplots
of MAP and GCC thickness, which showed little
variation of GCC thickness with changes in MAP
(Figs. 2A, 2B). In the unadjusted and adjusted
multivariable linear models, participants in
the four anomalous BP patterns did not have
differences in GCC thickness as compared
to participants with sustained normotension
(Fig. 3). For example, in the adjusted analyses, partic-
ipants with sustained hypertension had no significant
difference in GCC thickness compared to participants
with sustained normotension (delta = 0.17 μm; 95%
confidence interval [CI], −2.01 to 2.35), nor did partic-

ipants with midlife hypertension/late-life hypotension
(delta = −0.43 μm, 95% CI, −4.58 to 3.72) (Fig. 3B).
The unadjusted and adjusted analyses stratified by site
(Fig. 3), along with adjusted analyses with IOP as an
additional covariate (data not shown), yielded similar
results. Sensitivity analyses, one that defined hyperten-
sion by blood pressure alone and another that only
included normative participants without glaucoma
(Supplementary Fig. S3 and Supplementary Fig. S4),
also yielded similar results.

Associations Between BP Patterns and RNFL
Thickness

Mean RNFL thickness was 90.4 ± 11.7 μm
for all participants, 89.9 ± 11.2 μm for those
with sustained normotension, 91.2 ± 11.6 μm
for those with midlife normotension/late-life
hypertension, 90.1 ± 12.2 μm for those with
sustained hypertension, 90.6 ± 11.2 μm for those
with midlife normotension/late-life hypotension,
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Figure 3. Association of late-life GCC thicknesswith long-termbloodpressure pattern in (A) unadjusted (n= 918) and (B) adjusted analyses
(n = 901). Co, county. Multivariable linear modeling was used to evaluate associations between BP patterns and late-life GCC thickness.
Adjusted analyses accounted for the following covariates: age at EyeDOC visit, study site (for all participants), sex, axial length assessed
when measuring GCC thickness, and diabetes at visit 5. The adjusted analysis had 17 fewer participants, who were missing information for
diabetes. Site-specific analyses were conducted among Jackson participants only and Washington County participants only.

and 86.8 ± 12.0 μm for those with midlife
hypertension/late-life hypotension, with no statisti-
cally significant differences between groups (Table).
No associations were found between long-term BP
and RNFL thickness, as judged by visual inspection

of LOWESS lines on scatterplots of MAP and RNFL
thickness, which showed little variation of RNFL
thickness with changes in MAP (Figs. 2C, 2D). In the
unadjusted and adjusted multivariable linear models,
participants in the four anomalous BP patterns did
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Figure 4. Association of late-life RNFL thickness with long-term blood pressure pattern in (A) unadjusted (n= 855) and (B) adjusted analy-
ses (n = 838). Multivariable linear modeling was used to evaluate associations between BP patterns and late-life RNFL thickness. Adjusted
analyses accounted for the following covariates: age at EyeDOC visit, study site (for all participants), sex, axial length assessedwhenmeasur-
ing RNFL thickness, and diabetes at visit 5. The adjusted analysis had 17 fewer participants, who were missing information for diabetes.
Site-specific analyses were conducted among Jackson participants only and Washington County participants only. All RNFL measurements
were normalized by axial length.

not have differences in RNFL thickness as compared
to participants in the sustained normotension pattern
(Fig. 4). For example, in the adjusted analyses, partic-
ipants with sustained hypertension had no signif-
icant difference in RNFL thickness compared to
participants with sustained normotension
(delta = 0.51 μm; 95% CI, −1.91 to 2.92), nor

did participants with midlife hypertension/late-life
hypotension (delta = −1.50 μm, 95% CI, −6.20 to
3.19) (Fig. 4B). The unadjusted and adjusted analyses
stratified by site (Fig. 4), along with adjusted analy-
ses with IOP as an additional covariate (data not
shown), yielded similar results. Sensitivity analyses,
one that defined hypertension by blood pressure alone
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and another that only included normative partici-
pants without glaucoma (Supplementary Fig. S5 and
Supplementary Fig. S6), also yielded similar results.

Discussion

In this study of a large sample of community-
based black and white older adults, no relationship was
found between long-term BP patterns, which consisted
of various combinations of hypertension, hypoten-
sion, and normotension, and late-life OCT measures
of optic nerve structure. Compared to the sustained
normotension BP pattern, none of the four anoma-
lous BP patterns had differences in GCC or RNFL
thickness that were significant or clinically meaningful,
defined as a difference in GCC or RNFL thickness of
≥8 μm.36 These findings froma large, population-based
survey of black and white individuals suggest that in
most cases, neither anomalous BP nor its management
should be considered a meaningful risk factor for optic
nerve damage.

Some definitions are important in interpreting the
results of this study. First, the definition of a clini-
cally meaningful difference in GCC or RNFL thick-
ness, which was a difference ≥8 μm, was based on a
previous study that found that a mean decrease of 8
μm in RNFL thickness, compared to the mean RNFL
thickness of healthy subjects, was associatedwith initial
visual field loss.36 We note that this 8-μm threshold for
a clinically meaningful difference may not be general-
izable to GCC thickness. Second, use of antihyperten-
sive medication was included in the definition of hyper-
tension because an individual with nonhypertensive BP
(SBP <140 mmHg and DBP <90 mmHg) on these
medications is biologically different from an individual
with nonhypertensive BP not on these medications. For
example, Topouzis et al.22 observed differences in optic
disc rim area and cup area between participants with
normal DBP (DBP <90 mmHg) as a result of antihy-
pertensive medication treatment and participants with
normal DBP not due to treatment.

Our results add to the limited literature examining
associations between BP and OCT measures of optic
nerve structure. Jung et al.11 examined the relation-
ship between cross-sectional BP and structural eye
measures of the retina, including thickness of the total
retina, RNFL, ganglion cell layer, and inner plexi-
form layer. They found that increasing DBP was corre-
lated with thinner ganglion cell and inner plexiform
layers, but these findings are limited by use of BP at
a single time and a small sample of 62 participants.11
In contrast, we found that no hypertensive BP pattern

(midlife normotension/late-life hypertension, sustained
hypertension, midlife hypertension/late-life hypoten-
sion) was correlated with GCC or RNFL thickness.

Hypotension can occur due to antihypertensive
medication overuse, and in this study, most partic-
ipants with late-life hypotension reported use of
antihypertensive medication during at least one visit
(Table). Analyses associating hypotension, lower blood
pressures, or antihypertensive treatment with optic
nervemeasures and disease havemixed results.15,22,23,37
In 2006, Topouzis et al.22 found that participants
with DBP <90 mmHg as a result of antihyperten-
sive medication treatment had decreased optic disc
rim area and increased cup area compared to those
with DBP<90mmHg not on antihypertensive medica-
tion. More recently, Jammal et al.37 associated lower
MAP and DBP, when adjusted for IOP, with greater
rates of RNFL loss. In contrast, we found that no
hypotensive BP pattern (midlife normotension/late-
life hypotension and midlife hypertension/late-life
hypotension) was correlated with GCC or RNFL
thickness.

A major reason behind the different results in our
study compared to the study from Jammal et al.37
could be differences in participant population. Jammal
et al.37 examined a clinical population in which 57%
of participants were diagnosed as glaucoma suspect
and 24% of participants were diagnosed as having
POAG. On the other hand, our study consisted of a
population-based sample in which only 5% of partici-
pants (n = 48) had glaucomatous optic nerve damage.
There are many differences between clinical popula-
tions and population-based samples, which tend to be
hard to assess. One possible explanation is that the
relationship between BP and OCT retinal structural
measures is different in the setting of disease, such
as glaucoma, as opposed to the setting of a general
population. Additionally, Jammal et al.37 adjusted for
IOP in their analyses, which yielded significant associ-
ations. Given the large number of participants who
had glaucoma or were glaucoma suspect, many of the
participants in their study were likely taking medica-
tion to treat IOP. We caution adjusting for IOP as
a covariate when participants are being treated for
IOP. For example, if treated eyes were found to have
lower IOP than nontreated eyes, the results from an
analysismay be influenced by IOP. Lastly, wewould like
to acknowledge differences in sample sizes and follow-
up time between the two studies. Jammal et al.37 used
a large clinical sample, 7501 eyes of 3976 participants,
compared to our sample of 931 eyes of 931 partici-
pants, and had a mean follow-up time of 4.0 years for
BP measures, compared to our mean follow-up time of
28.4 years for BP measures.37
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While we found no significant associations of long-
term BP with late-life OCT measures in primary and
sensitivity analyses, there were some associations of
note. When hypertension was defined by BP measures
alone in adjusted analyses, RNFL thickness of partic-
ipants with midlife hypertension/late-life normoten-
sion (n = 57) was 3.04 μm thinner (95% CI, −6.21 to
0.13) compared to that of participants with sustained
normotension (n = 587) (Supplementary Fig. S5B).
Similar results were obtained when IOP was added
as an additional covariate (data not shown). Overall,
our results indicate that BP did not impact structural
optic nerve measures in late life in this population.
BP measures, irrespective of antihypertensive medica-
tion use, showed no relationship with late-life GCC or
RNFL thickness.

In our community-based sample of black and
white individuals, we found no significant or clinically
meaningful associations between long-term BP and
late-life measures of optic nerve structure in what is
the first study, to our knowledge, to investigate the
relationship between the two. These results support
prior studies that found no relationship between hyper-
tension or antihypertensive treatment and glaucoma,
suggesting that BP is not a significant risk factor for
optic nerve damage in the general population.

Strengths and Limitations

Strengths of this study are the assessment of BP
over almost 30 years and use of a large, community-
based sample of black andwhite participants aged over
70 years. Standardized protocols were utilized to assess
structural eye measures, and OCT scans were screened
for image quality and retinal pathology.

This study has several limitations. There is evidence
of a U-shaped association between blood pressure and
glaucoma, with both high BP and low BP associated
with an increased risk of glaucoma,38 and our study
may be limited in detecting associations at the more
extreme ends of the BP spectrum (Fig. 2). Addition-
ally, our study sample may suffer from selection bias
since it only includes those who survive into their upper
70s/80s, with the mean age of participants being 80.4
years. Third, some analyses had modest sample sizes,
limiting our ability to detect moderate differences in
OCT thickness (below 5 μm) between long-term BP
patterns. Fourth, dips in MAP that are undetected
in this study may be important to optic nerve struc-
ture. Melgarejo et al.39 utilized 24-hour ambulatory
BP monitoring, a method we did not use, and found
that longer and deeper dips in MAP were associ-
ated with increased risk of open-angle glaucomatous
optic neuropathy. Fifth, the criteria used to define BP

patterns resulted in some intrapattern heterogeneity.
For example, a participant could be hypotensive at
visit 5 and hypertensive at visit 6 or vice versa, but
that participant would be classified as having late-
life normotension (n = 11). Sixth, this study did not
include data regarding the use of ocular hypoten-
sive medications, which would have been used as an
additional covariate in sensitivity analyses with IOP
as a covariate. Seventh, this study lacks information
on the specific antihypertensive medication patients
were taking, dosing, and whether medication regimens
were changed over the 30-year study period. Lastly,
most participants in this study were on antihyperten-
sive medication, including most late-life hypotensive
participants, lowering study power bymaking the refer-
ence BP pattern (sustained normotension) smaller.

Conclusion

Findings from this community-based sample of
older adults suggest that hypertension, even when
present in midlife, and late-life hypotension do not
appear to be a significant risk factors for late-life
optic nerve damage. When caring patients, practition-
ers should be hesitant in attributing abnormalities in
optic nerve structural measures to hypertension, hyper-
tensive treatment, or hypotension.
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