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Purpose: Women with preeclampsia are at risk of developing cognitive changes and dementia later in life. The retina – an extension 
of the brain – may provide insight about structural changes associated with preeclampsia and serve as a biomarker of long-term neural 
and vascular consequences. Our goal was to compare retinal thickness measurements between women with and without history of 
preeclampsia, and to determine associations with cognitive performance.
Patients and Methods: This prospective cohort study recruited preeclampsia (N=17) and normotensive (N=18) women 10–15 years 
after delivery. We assessed retinal thickness using spectral-domain optical coherence tomography (SD-OCT). Principal component 
analysis was used to detect retinal regional patterns. Cognitive performance was evaluated to assess memory (Wechsler Memory 
immediate and delayed), working memory-Letter-Number Sequencing, information processing speed (Digit Symbol, Stroop Word and 
Color) and executive (WAIS similarities, matrix reasoning, and Stroop interference) domains. Regression models estimated associa
tions between retina measurements, preeclampsia history and cognitive performance.
Results: Using the standard early treatment diabetic retinopathy study grid, compared to normotensive, preeclampsia women had 
thinner outer retina subfields. Similarly, two out of three principal components suggested different patterns of retinal changes at the 
outer vs central region. The thinner inner nasal and superior quadrants were associated with lower scores on the executive function 
domain – Stroop Color test (β=12.2, p=0.032; β=12.9, p=0.037, respectively). In the memory domain, Letter-Number sequencing test, 
preE history significantly altered the relationship with the maximum fovea central subfield (β=−17.3, p=0.013).
Conclusion: Our study provides a novel, integrated assessment of preeclampsia by simultaneously evaluating retina and cognitive 
markers. Retinal imaging 10–15 years after delivery in women with a history of preeclampsia showed a decreased thickness in the 
outer region of the retina. Selective vulnerability of peripheral retinal regions to persistent microvascular changes after preeclampsia 
may reflect broader central nervous system changes associated with impairments in information processing speed, executive 
functioning and working memory.
Keywords: preeclampsia, OCT, retina, cognition

Introduction
Preeclampsia (preE) affects 5–8% of pregnancies worldwide and increases the risk of cerebrovascular disease, immediate 
and long-term cognitive impairment.1–4 Despite its significant impact, evaluating neurovascular changes after preE 
remains challenging due to limited accessibility of brain tissue through conventional neuroimaging. Understanding 
these persistent changes is crucial for developing targeted interventions and preventive strategies. The retina – an 
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extension of the central nervous system that shares embryological origins, vascular characteristics, and blood-brain 
barrier properties with the brain – offers a unique window into neurovascular health. This anatomical relationship has 
gained increased attention as studies show that retinal thinning correlates with cognitive impairment severity in 
Alzheimer’s disease (AD), neurodegenerative and neuropsychiatric conditions and in the general population.5–7 While 
30–40% of preE patients experience visual disturbances affecting multiple structures (retina, optic nerve, occipital 
cortex),8,9 few studies have examined long-term retinal changes after preE resolution.

Optical coherence tomography (OCT) provides high-resolution cross-sectional retinal images that may reveal insights 
about brain pathology. This non-invasive, high-resolution, and cost-effective technique has shown promise in detecting 
preE-related changes, with recent studies reporting lower choroidal thickness in preE patients.10,11 For example, prior 
studies comparing preE and normotensive pregnancies found correlations between peripartum choroidal thickness and 
disease severity.12–14 Although prior research evaluated peripartum choroidal thickness, macular thickness has not been 
examined in association with cognitive effects among preeclampsia survivors. The relationship between retinal structure 
and cognitive function years after delivery remains unexplored. Newer studies portend that preE-related microvascular 
dysfunction15,16 may persist even postpartum; this permits the assessment of long-term retinal alterations.17,18

We aimed to identify sectors of the retina that may be impaired among those with prior preE and correlate these 
results with cognitive performance. Our goal was to characterize distinct retinal phenotypes of women with history of 
preE at 10–15 years post-partum.

Materials and Methods
Study Design and Population
This single center prospective cohort study was approved by the University of Pittsburgh Institutional Review Board 
(STUDY20100076) and followed all STROBE guidelines.19 We sent recruitment letters to the participants from our prior 
study.20 All procedures complied with the Declaration of Helsinki. Written informed consent was obtained from all 
participants after the explanation of the study procedures. Sample size was based on availability of previously recruited 
participants rather than on-a priori power calculation. We recruited 35 women who delivered at Magee-Womens Hospital 
between 2008 and 2009 and performed retinal and cognitive assessments between 2019 and 2022 (mean time 12.31 
years). Baseline demographics and characteristics were collected from the electronic medical records including placental 
maternal vascular malformation (MVM) – an indicator of maternal placental vascular damage,20 obtained from the 
placenta pathology report. Additional data (eg LDL, current hypertension) were collected at the study visit that occurred 
10–15 years after delivery.

We included women with and without a prior diagnosis of preE, refractive error between −6D and +2D, and best 
corrected visual acuity of at least 20/40 (with and without correction). We defined preE using the most recent American 
College of Obstetricians and Gynecologists (ACOG) guidelines21 as blood pressure ≥140/90 mmHg with proteinuria or 
evidence of end-organ dysfunction or severe hypertension ≥160/110 mmHg. We excluded participants who were 
pregnant or within 6 months postpartum, those with glaucoma or glaucoma susceptibility, retinopathy (diabetic/hyper
tensive), prior adverse reactions to mydriatics, active eye conditions, visual acuity exceeding logMAR 1, or asthma (due 
to phenylephrine administration). We lack specific follow-up assessments; therefore, future studies should monitor 
progression of retinal and cognitive outcomes in preE survivors.

Cognition Outcomes
Eligible participants underwent cognitive assessments designed to assess executive function, memory (short term, long 
term and working) and information processing speed. Our cognition assessments included Wechsler Memory Scale III 
(immediate and delayed), WAIS III Digit-Symbol Coding, Stroop Color and Word, WAIS III Similarities, WAIS Matrix 
Reasoning and WAIS Letter-Number Sequencing. Cognitive assessments were administered by trained raters overseen by 
neuropsychologist (M.B). Z-scores of individual assessments were computed as previously reported.2 A higher score 
represents better cognition.
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Retina Measurements
Ophthalmic examination was performed where we asked the participants to read letters on a chart. The Early Treatment 
Diabetic Retinopathy Study (ETDRS) eye chart was used to test visual acuity, with or without correction depending on 
the participant’s needs. If corrective lenses were worn on a regular basis for distance vision, then the participant’s vision 
was assessed using their customary form of correction (glasses or contacts). Participants with vision worse than 20/40 
were tested again using the pinhole method. We administered one drop each of tropicamide 1% and phenylephrine 
(2.5%) for mydriasis and cycloplegia. Risk of acute angle closure was assessed using a penlight prior to dilation. All 
participants underwent retinal imaging using several FDA clinical imaging modalities including color fundus photo
graphy, scanning laser ophthalmoscopy (SLO) and spectral-domain optical coherence tomography (SD-OCT).

All retinal images were obtained by the same highly experienced retinal ophthalmic photographer (VS) to ensure 
consistent image quality for every participant. Color fundus photographs (50° field of view) were obtained (Topcon TRC 
50DX) on both eyes of all participants. SLO images were obtained with infrared illumination, followed by SD-OCT 
(Spectralis HRA + OCT, Heidelberg Engineering GmbH, Heidelberg, Germany). Fovea-centered vertical and horizontal 
b-scans were obtained on both eyes followed by a volumetric scan with the following parameters: 30°×20° (9.6×6.4mm) 
field of view; 49 b-scans at a separation of 133 μm between b-scan; ART: 100; acquisition software version 6.10.7.0. 
Retinal measurements from the SD-OCT scans were made using the internal software to the Spectralis system (HEYEX, 
Heidelberg Engineering GmbH, Heidelberg, Germany).

Retinal thickness was assessed at 9 sectors across the macula using the ETDRS grid nasal outer (N2), superior outer 
(S2), temporal outer (T2), and inferior outer (I2); nasal inner (N1), superior inner (S1), temporal inner (T1), and inferior 
inner (I2); and Fovea central subfield (FCS) defined as the average thickness off the central area of the ETDRS grid22 and 2 
calculated subfields (defined as sectors >3mm from foveal center) outer (S2, N2. I2 and T2) and inner (S1, N1. I1 and T1) 
from both eyes. Other measurements included Foveal center point (FCP) defined as the mean thickness of the center point,22 

total retinal volume, and maximum value of FCS (FCS max) (Figure 1A and B).

Statistical Analysis
For continuous variables, we used the mean and standard deviation (SD) for normally distributed data, and median and 
interquartile range (IQR) for non-normally distributed data. Categorical variables were summarized using counts and 
percentages. To compare the groups (preE vs normotensive), we employed Student’s t-test for normally distributed 
continuous variables, Wilcoxon rank-sum test for non-normally distributed continuous variables, and Fisher’s exact test 
for categorical variables.

We employed a multi-faceted approach to analyze retinal thickness measurements from SD-OCT in relation to our 
baseline characteristics and cognitive performance. We compared all the retinal measurements (9 ETDRS sectors, total 
volume, FCP, FCS, and retinal subfields) from both eyes between groups. There were strong correlations between all the 
retina measurements (86% significant pairwise correlations, mean r=0.77, p=<0.050), confirmed by Kaiser-Meyer-Olkin 
(0.772) and Bartlett’s sphericity tests (p<0.001). For this reason, we applied Principal Component Analysis (PCA) to the 
vector of all the retinal measurements using the average thickness of both eyes to minimize inter-eye differences. This 
approach allowed us to condense the major axes of variation, retaining >99% of variance with 3 orthogonal axes of 
retinal thickness, address multicollinearity issues and repeated measurements (left vs right eye), and improve statistical 
power by reducing the need for multi-hypothesis test correction in subsequent statistical analyses.

We averaged thickness measurements between eyes of the same individual. For approximately half of the individuals, we 
observed significant differences in thicknesses between eyes. We explored whether including eye-level thicknesses in the PCA 
altered our observations. There were no differences between separating or aggregating measurements between eyes.

We used linear regression to associate retinal thickness of each of the 9 ETDRS sectors, retinal subfields, or the 
loadings onto the three retinal principal components with cognitive performance adjusting for an interaction effect (preE 
x cognitive test) and confounding co-variates including visual acuity, age at study visit, hemoglobin A1C, gestational age 
at delivery, presence of hypertension and hypertensive medication. In the initial data exploration, we identified few 
outliers (>1.5 IQR) in cognitive scores, and we used the robust linear regression implementation in the MASS R-package 
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using default parameters to weight against outliers while maintaining statistical power. This comprehensive analytical 
approach examined the relationships between retinal thickness, preE history and cognitive performance while accounting 
for confounding factors and the complex statistical structure of the data. A p-value < 0.05 was considered significant. 
Statistical analyses were performed using STATA software, version 18.0 and R (R Core Team, 2020), version 4.4.1.

Results
Study Population
The SD-OCT scans were performed in 17 women with preE and 18 with normotensive pregnancy history 10–15 years 
after delivery. We analyzed 69 eyes from 35 enrolled participants. One eye measurement was excluded due to low visual 
acuity (logMAR >1). The average age was 42.2 years (standard deviation [SD] 4.9, interquartile range [IQR] 40–45), 
with average visual acuity of logMAR 0.03 (SD 0.08, range −0.1 to 0.3).

Compared to normotensive participants, those with preE had higher BMI (35.2 vs 28.4 kg/m2, p=0.036) and diastolic 
blood pressure (77.7 vs 74.0 mmHg, p=0.022), and shorter gestational age at delivery (37.0 vs 40.0 weeks, p=0.003). 
PreE women had higher rates of MVM presence in their placenta (70.6% vs 11.1%, p<0.001) and lower HDL-cholesterol 
levels (51.0 mg/dL vs 61.0 mg/dL, p=0.039). Groups had similar years of education (p=0.260), rates of hypertension 
(p=0.120) and type 2 diabetes (p=0.150) (Table 1).

Figure 1 Retinal Thickness Measurements in Preeclamptic and Normotensive Women. (A) Diagram showing the 9 standard ETDRS sectors (B) Diagram of ETDRS retinal 
subfields (C) ETDRS sector measurements comparing individual retinal regions between groups. (D) Total retinal volume comparison reported in cubic millimeters (mm3). 
(E) Foveal thickness range measurements (F) Averaged measurements by retinal subfields (foveal central subfield, inner, and outer). Data presented as mean ± SD with 
individual data points. *P < 0.05. 
Abbreviations: preE, preeclampsia; Norm, normotensive; ETDRS, Early Treatment Diabetic Retinopathy Study grid; N2, Nasal outer; S2, Superior outer; T2, temporal 
outer; I2, inferior outer; N1, nasal inner; S1, superior inner; T1, temporal inner; I2, inferior inner; FCS, Fovea central subfield; FCP, Foveal center point (FCP); FCS Max, 
maximum Fovea central subfield.
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Retinal Measurements
All components of the outer retinal subfield showed significant thinning in preE versus normotensive participants: 
inferior (I2: β=−17.7, p=0.031), nasal (N2: β=−21.1, p=0.027), superior (S2: β=−18.8, p=0.018), and temporal (T2: β= 
−20.1, p=0.003). (Figure 1C). This pattern yielded a reduced total retinal volume (β=−0.5, p=0.028, Figure 1D) and an 
overall thinner outer retinal subfield in preE (β=−19.4, p=0.01). Inner subfield sectors, foveal central subfield (FCS), FCS 
max, and foveal center point (FCP) showed no significant differences (Figure 1E and F).

The PCA using all retinal measurements is shown in Figure 2A and B, Supplementary Figure 1. Three principal 
components explained 96% of the total variance: PC1 (74%) captured overall retinal thickness, PC2 (16%) represented 
foveal variation, and PC3 (6%) characterized outer retinal subfield patterns. PC3 scores differed significantly between 
preE and normotensive groups (β=15.8, P=0.039, Figure 2C). The weighted preE effects mapped onto ETDRS sectors 
confirmed preferential thinning in the outer retinal subfield, particularly S2, T2, and N2 regions.

Associations Between Retinal Measurements and Cognitive Tests
Possible correlations between retina structural variation and cognitive test results were subsequently evaluated across 
domains. Cognitive assessment revealed comparable performance between preE and normotensive groups across all 

Table 1 Demographic and Clinical Characteristics of Women with Preeclampsia 
and Normotension 10–15 years Postpartum

Baseline characteristicsa Normotensive Preeclampsia P-value
N=18 N=17

Age at visit, y 41.5 (40.0, 43.0) 44.0 (40.0, 46.0) 0.400

Race 0.360
White 14 (77.8%) 10 (58.8%)

Black 4 (22.2%) 6 (35.3%)

Other 0 (0.0%) 1 (5.9%)
BMI at visit, kg/m2 28.3 (22.1, 33.1) 32.1 (28.3, 39.5) 0.036

Years of education 16.0 (14.0, 18.0) 14.0 (12.0, 16.0) 0.260

SBP at visit, mmHg 111.7 (105.7, 117.3) 117.0 (109.7, 121.0) 0.150
DBP at visit, mmHg 74.0 (67.0, 80.7) 77.7 (73.0, 83.0) 0.022

HTN at visit 4 (22.2%) 8 (47.1%) 0.120

HTN medication at visit 4 (22.2%) 5 (29.4%) 0.630
Type 2 diabetes at visit 1 (5.9%) 4 (23.5%) 0.150

Menopause at visit 2 (11.1%) 1 (5.9%) 0.580

Obstetric historyb

Gestational age, wks 40.0 (39.0, 41.0) 37.0 (36.0, 39.0) 0.003

SGA 1 (5.6%) 3 (17.6%) 0.260

Presence of MVM 2 (11.1%) 12 (70.6%) <0.001
Smoking during pregnancy 1 (5.6%) 3 (17.6%) 0.260

Metabolic markers at visita

Hemoglobin A1C 5.2 (5.0, 5.7) 5.5 (5.4, 5.8) 0.097
CRP, mg/dL 0.2 (0.1, 0.3) 0.3 (0.1, 0.8) 0.250

Glucose, mg/dL 87.5 (84.0, 94.0) 89.0 (84.0, 126.0) 0.460

LDL, mg/dL 91.5 (84.0, 110.0) 111.0 (78.0, 125.0) 0.410
Cholesterol, mg/dL 177.0 (161.0, 206.0) 194.0 (143.0, 210.0) 0.630

Triglyceride, mg/dL 69.0 (55.0, 119.0) 114.0 (84.0, 147.0) 0.095
HDL, mg/dL 61.0 (54.0, 67.0) 51.0 (43.0, 62.0) 0.039

Notes: aBaseline characteristics and laboratory results collected during the study visit bObstetric 
history obtained from chart review. Data is reported as mean (Standard Deviation) and median 
(interquartile) for normally and non-normally distributed continuous data, respectively, and n (%) for 
categorical data. Significant at P<0.05. 
Abbreviations: Y, years; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; HTN, hypertension; wks, weeks; SGA, small gestational age; MVM, maternal vascular 
malperfusion.
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domains (Table 2). By individual cognitive test, thinner S1 (β=12.9, p=0.037) and N1 (β=12.2, p=0.032) were associated 
with worse scores on Stroop Word. There were also an association between information processing speed and S1 
(β=13.8, p=0.037) (Figure 3A).

There were associations between the principal components and cognitive performance. PC2 demonstrated a strong 
relationship with Stroop Word (β=−17.7, p=0.035). PC3 showed the strongest association with information processing 

Figure 2 Principal Component Analysis of Retinal Measurements. (A) Retina differences between PreE and Norm women using Principal Component Analysis. Weighted 
contributions of each ETDRS sector to the first three principal components (PCs), which explain 74%, 16%, and 6% of total variance respectively. Color intensity indicates 
the strength and direction for the PreE v. Norm t-statistic effect weighted by the PC loading onto each ETDRS sector. (B) Reference diagram of ETDRS sectors. (C) 
Individual-level PC scores comparing preE and Norm. groups, showing significant differences in PC3. *P < 0.05. 
Abbreviations: preE, preeclampsia; Norm, normotensive; ETDRS, Early Treatment Diabetic Retinopathy Study grid; Retina thickness is measured in micrometers (μm).

Table 2 Differences in Cognitive Assessments Between Preeclampsia and Normotensive 
Women 10–15 Years Postpartum

Normotensive Preeclampsia P-value
N=18 N=17

Memory 0.2 (1.0) 0.1 (0.9) 0.81

Wechsler Memory Scale Score (Immediate) 0.1 (1.0) −0.1 (1.0) 0.70

Wechsler Memory Scale Score (Delayed) 0.1 (1.1) −0.1 (1.0) 0.76
Working Memory- Letter-Number Sequencing 0.1 (0.9) −0.1 (1.1) 0.69

Processing Speed −0.1 (0.9) −0.3 (0.8) 0.50

WAIS Digit-Symbol Coding 0.0 (1.0) −0.0 (1.0) 0.80
Stroop Word Reading 0.2 (1.1) −0.2 (0.9) 0.37

Stroop Color 0.1 (0.9) −0.1 (1.1) 0.41

Executive Function 0.2 (0.8) −0.1 (0.9) 0.25
WAIS Similarities 0.1 (1.1) −0.1 (0.9) 0.65

WAIS Matrix Reasoning 0.2 (1.0) −0.2 (1.0) 0.25

Stroop Interference 0.2 (0.8) −0.2 (1.1) 0.21

Notes: Data reported as mean (Standard Deviation). Significant at P<0.05.
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speed (β=17.37, p=0.006) and Stroop Color performance (β=12.3, p=0.006). Our detailed mapping of significant 
cognitive associations onto retinal measurements revealed distinct spatial patterns in the PCs (Figure 3B).

The relationship between retinal measurements and cognitive performance was significantly modulated by preE 
history. For the WAIS Letter-Number Sequencing test, preE history significantly altered the relationship with FCP max 
thickness (β=−17.3, P=0.013). Principal component analysis revealed that PC3 moderated the relationship between preE 
history and information processing speed (β=−15.5, P=0.016), while PC2 moderated the relationship with WAIS 
Similarities (β=22.7, P=0.034).

Discussion
Our study revealed spatially unique retinal changes in women with a preE history, with significant thinning in outer 
retinal subfields including I2, N2, S2, and T2. A similar retinal pattern among preE participants was confirmed using 
principal component analysis and was consistent across both eyes. Thinner areas (I1, N1) were associated with lower 
scores on Stroop color whereas PC2 and PC3 showed a relationship with information processing speed; however, these 
relationships differed depending on whether women had preE history or not. These findings suggest selective 

Figure 3 Associations Between Retinal Measurements and Cognitive Performance. (A) Heat map showing associations between retinal measurements and cognitive domain 
and individual test scores. The color scale plots the strength and direction of the preE vs Norm. robust linear regression t-statistic. (B) Significant loadings from principal 
component analysis mapped to cognitive measures. Color intensity indicates the strength and direction of the preE vs Norm. t-statistic weighted by the PC loading onto each 
retinal measurement. *P < 0.05. 
Abbreviations: preE, preeclampsia; Norm, normotensive.
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vulnerability of peripheral retinal regions to persistent microvascular changes after preE and may reflect changes 
associated with impartments in information processing speed, executive functioning and working memory.

Increased retinal thickness during pregnancy has been described, and attributed to pregnancy-related fluid 
retention.23,24 It is estimated that 14.8% of preE women have visual disturbances and retinal findings.25 PreE women 
can experience clinical symptoms associated with retinal disorders, such as sudden vision loss due to serous retinal 
detachment, retinal vascular occlusion or postpartum purrstcher-like retinopahy. Choroidal thickness was also reported to 
be significantly thinner in pregnant preE than in women, whereas no differences in macula thickness or RNFL were seen 
between the groups.8,19, In contrast, a higher choroidal thickness was reported in peripartum preE women, especially in 
the nasal area.12,13,26 Although these prior studies showed retinal and choroidal involvement, they are mostly restricted to 
the pregnancy period. Limited research exists on long-term retinal changes detected by OCT in preeclampsia. Our study 
addresses this gap by demonstrating that intra-group differences persist after age adjustment, indicating a direct 
association between preeclampsia and retinal thinning beyond typical age-related changes.

We observed in our study a decreased thickness of the retina 10–15 years after preE and speculate this may be a long- 
term consequence of microvascular dysfunction during pregnancy. Consistent with this, prior studies in preE have 
documented systemic microvasculature abnormalities outside and inside of the placenta including reduced venular 
diameters in conjunctiva,27 and abnormal endothelial glycocalyx of sublingual micro-vessels.28,29 A common placenta 
finding in preE is decidual vasculopathy and concomitant hypoxia and reperfusion lesions, also known as maternal 
vascular malperfusion (MVM). MVM can result in both a poorly perfused placenta and circulating endothelial micro
particles which themselves induce or exacerbate systemic vessel injury via oxidative stress damage.30–32 We propose that 
this retinal thinning may be due to decreased of blood flow from vasospasm and/or increased resistance in the setting of 
an acute increase of blood pressure during pregnancy and this initial microvascular damage may extend both spatially 
outside the placenta to the retina and persist 10–15 years after pregnancy.

OCT shows promise to become an adjunct tool for early AD diagnosis. In AD, multiple studies have reported thinning 
of the RNFL and a relationship between reduced macular volume and severity of cognitive impairment.33–35 Even 
cognitively healthy women at high genetic risk of AD had a thinner fovea/central area of the retina demonstrating that 
early changes may appear in this area.36 Similar to the AD studies, our cohort (mean age 42.2 years) exhibited not only 
thinning in the outer retinal subfield but also an association between lower scores on Stroop Word and a thinner nasal and 
superior inner area. Epidemiological studies have reported an increased risk of AD and vascular dementia later in life 
among women with history of preE;37,38 although the shared mechanisms (eg neurovascular dysfunction, neuroinflam
mation) need further elucidation.

The association between retinal thickness and both information processing speed, executive function and working 
memory varied based on preE history. These findings are consistent with previous studies that have documented 
cognitive differences between women with and without preE history following delivery. In the peripartum period, our 
group previously reported that preE was associated with alterations in executive function, attention, and working 
memory, while other investigators demonstrated mild cognitive impairment and executive dysfunction among individuals 
with preE history years after delivery.4,39 While age-related decline in information processing speed is expected, this 
decline is particularly pronounced in degenerative brain disorders such as vascular dementia and cerebral small vessel 
disease.40,41 Furthermore, evidence suggests that executive function deterioration correlates with cortical degeneration in 
women with small vessel disease.42 More longitudinal studies integrating brain imaging, OCT and cognitive testing are 
needed to clarify the underlying mechanisms affecting women with preE.

Our findings reveal notable spatial patterns in retinal changes. PreE-associated thinning predominantly affected outer 
retinal subfield (T2, S2, N2, I2). The preferential thinning of outer retinal regions may reflect increased vulnerability to 
vascular dysfunction in areas farther from major vessels. The retina supply is determined by the arrangement of the 
central retinal artery and its branches. The outer temporal (T2) along with central area (FCP/FCS) are the most vulnerable 
sectors to ischemia and edema because of the high metabolic demand and lack of retinal capillaries. This anatomical 
arrangement suggests potential vascular vulnerability in the setting of preE.

The clinical significance of the outer retinal thinning extends beyond the local pathology. In a pilot study of adults 
with normal retina aging and early/intermediate age-related macular degeneration, a thinner outer retina was associated 
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with thinning of occipital cortex, smaller hippocampus and thinner AD-related and other dementia-related brain areas.43 

This highlights the potential predictive value of retinal layer thickness for brain atrophy. Given these findings and the 
non-invasive nature of OCT screening modalities, retina imaging may serve as valuable tool for long-term monitoring in 
the clinical evaluation of women with history of preeclampsia.

Our study has strengths and limitations. Studies integrating cognitive data to study retinal changes have been reported in AD; 
however, we are the first study evaluating these changes in the setting of preE. Current literature focuses primarily on choroidal 
studies, leaving retinal neural layer changes relatively unexplored. The spatial specificity of our findings – both in direct preE 
effects and cognitive correlations – highlights the need for targeted investigation of regional retinal changes and their functional 
consequences. We could not evaluate retina differences between early vs late onset preE separately due to the small sample size. 
This also restricted our ability to assess other variables (eg severity of preE) and to fully characterize regional patterns; however, 
these effect sizes warrants further investigation. We only had a single time-point measurement, which, limits our understanding 
of how these spatial patterns develop. In addition, our exploratory study was designed to use OCT only; more research is needed 
to incorporate OCT angiography (OCTA) to evaluate vessel density, and to examine relationships between retinal neural and 
vascular layer findings and brain neuroimaging data. Future studies should incorporate larger cohorts, longitudinal assessments, 
and comprehensive cognitive testing to determine the effect on the quality of life of these women affected by preeclampsia and 
to better characterize anatomically specific relationships between retinal structure and function in this population.

Conclusions
Retinal measurements 10–15 years post-delivery revealed spatially specific structural changes in those with prior preE. 
These findings suggest a preE-related pattern of neurodegeneration, and the potential for changes in these regions to 
predict cognitive impairments. The prospective correlation of retinal imaging via OCT with neuroimaging and cognitive 
evaluation may offer a robust multimodal approach to screening and monitoring neurovascular health in women with 
a history of preeclampsia. However, these preliminary findings necessitate replication in larger, more diverse cohorts to 
prove the validity of retinal thinning patterns as biomarkers of long-term vascular risk in preE.
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