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Abstract
Introduction Hypertensive retinopathy (HTRP) predicts all-cause mortality in Asian and Caucasian populations. However, 
little is known about HTRP impact in other ethnic groups.
Aim We sought to estimate the mortality risk according to HTRP severity in older adults of Amerindian ancestry living in 
rural Ecuador.
Methods This prospective study enrolled individuals aged ≥ 60 years with baseline blood pressure ≥ 120/≥ 80 mmHg from 
the ongoing Atahualpa Project cohort who received retinal photographs (for HTRP grading) and a brain MRI. We ascertained 
all-cause mortality after a mean of 5.2 ± 1.2 years of follow-up. Cox-proportional hazards models adjusted for demographics, 
cardiovascular risk factors, neuroimaging signatures of cerebral small vessel disease, blood pressure determinations during 
follow-up and incident strokes, were obtained to estimate mortality risk according to HTRP severity.
Results Analysis included 236 participants (mean age 69.3 ± 7.3 years). HTRP Grade 2 or higher was determined in 42 
(18%) individuals. Fifty participants (21%) died during the follow-up, resulting in an overall unadjusted crude mortality rate 
of 4.1 per 100 person-years. Mortality rate in subjects with HTRP Grade 2 or higher was 7.2 and in those with no HTRP 
or Grade 1 only was 3.4 per 100 person-years. An adjusted Cox-proportional hazard model showed that individuals with 
HTRP Grade 2 or higher maintained a greater than two-fold mortality risk (HR 2.08; 95% C.I. 1.04–4.15; p = 0.038) when 
compared to those with no HTRP or Grade 1 only.
Conclusion Study results show that HTRP severity predicts mortality in this population of older adults.
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1 Introduction

Arterial hypertension is a major public health problem 
affecting over 1 billion people worldwide [1]. Asympto-
matic microvascular end-organ damage often precedes the 
development of more severe complications of hypertension 
such as cerebrovascular disease, acute myocardial infarc-
tion and death [2–4]. The retina is an early end-organ dam-
age of arterial hypertension and, as such, the presence of 
hypertensive retinopathy (HTRP) may predict subsequent 
significant morbidity and increased mortality risk among 
affected individuals [5–7]. The goal would be early detec-
tion and implementation of intervention strategies aimed to 
reduce catastrophic consequences of arterial hypertension 
in subjects at risk. This can only be accomplished by means 
of a global preventive approach that should not be limited to 
prescription of antihypertensive medications [8].
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While the increased risk of mortality in subjects with 
HTRP is well-known, some studies focused on patients 
with particular conditions attending specialized medical 
centers [9]. This information may not be generalized to the 
population of hypertensive individuals at large. Moreover, 
longitudinal population-based studies assessing mortality 
risk in patients with previously diagnosed HTRP have been 
conducted in Whites and Asian people living in developed 
countries [10–13], and these findings may not replicate the 
situation in remote rural settings, where living conditions 
and access to medical care are completely different. In addi-
tion, more information is needed to assess possible racial/
ethnic disparities in the risk of mortality associated with 
HTRP, as has been suggested in the prevalence of this condi-
tion across African-Americans and Whites [14].

Taking the opportunity of the well-established Atahualpa 
Project Cohort, our group previously conducted a popula-
tion-based study aimed to assess the association between 
HTRP and the presence of neuroimaging signatures of cer-
ebral small vessel disease (cSVD), as proof of the simulta-
neous and paucisymptomatic damage of two different end-
organs of arterial hypertension (the retina and the brain) 
[15]. In order to expand our understanding on the relation-
ship between HTRP and mortality risk, those individuals 
were enrolled in a prospective longitudinal study aimed to 
assess whether HTRP predicts all-cause mortality in com-
munity-dwelling older adults living in a remote rural setting.

2  Methods

2.1  Study Population

Subjects were participants of the Atahualpa Project, a popu-
lation-based cohort focused on risk factors that are increas-
ing the burden of cardiovascular and neurological diseases 
in rural coastal Ecuador [16]. Individuals with a baseline 
arterial pressure ≥ 120/≥ 80 mmHg who received a brain 
MRI (from 2013 to 2015) and retinal photographs (from 
September to November 2015) were eligible to participate 
in this study [15], and those who signed a comprehensive 
informed consent agreeing to be included in this prospective 
study were enrolled. Characteristics of the village and its 
residents have been detailed elsewhere [17]. In brief, Ata-
hualpa is an isolated community, and residents are homoge-
neous regarding race/ethnicity (Amerindian ancestry), socio-
economic status and dietary habits. The migration rate is low 
and participant retention in the project is high, which makes 
Atahualpa an optimal setting for the longitudinal follow-
up of cohort studies [18]. The study was approved by the 
Institutional Review Board of Hospital–Clínica Kennedy, 
Guayaquil.

2.2  Retinal Photographs

Retinal photographs were taken with the use of the Easy 
Scan v1.2 (i-Optics B.V., The Hague, The Netherlands), as 
previously detailed [15]. This zero-dilatation smart retinal 
imaging system uses confocal line scanning laser ophthal-
moscope technology to illuminate the retina through a 2 mm 
pupil, and can better penetrate media opacities than con-
ventional fundus cameras. All exams were performed at the 
headquarters of the Atahualpa Project by trained medical 
students. Then, a certified ophthalmologist with more than 
30 years of experience reviewed all images blinded to clini-
cal data and MRI findings. The Keith–Wagener–Barker clas-
sification was used for HTRP grading [19]. This includes: 
Grade 1, mild generalized retinal arteriolar narrowing; 
Grade 2, definite focal narrowing and arteriovenous nicking; 
Grade 3, signs of grade 2 retinopathy plus retinal hemor-
rhage, exudate, and cotton-wool spots; and Grade 4, signs of 
grade 3 retinopathy plus papilledema. When HTRP grades 
were different between the two eyes, the more advanced 
grade was used for analyses.

2.3  Neuroimaging Studies

Brain MRIs were performed with a Philips Intera 1.5T 
(Philips Medical Systems, Eindhoven, the Netherlands), 
following proposed standards for research on cSVD [20]. 
MRI readings focused on white matter hyperintensities 
(WMH) of presumed vascular, deep cerebral microbleeds 
(CMB), lacunes of presumed vascular origin, and enlarged 
basal ganglia perivascular spaces (BG-PVS). WMH were 
defined as hyperintense lesions on T2-weighted images that 
remained bright on FLAIR (without cavitation) and graded 
according to the modified Fazekas scale [21]. WMH were 
considered moderate-to-severe when periventricular lesions 
extended into the deep white matter or deep lesions became 
confluent or semi-confluent. CMB were identified as small 
( ≤ 10 mm) round areas of signal void with blooming seen on 
gradient-echo sequences and rated according to the micro-
bleed anatomical rating scale [22]. Lacunes were defined as 
fluid-filled cavities measuring 3–15 mm in diameter located 
in the territory of perforating arterioles [20]. Enlarged BG-
PVS were defined as small (< 3 mm) sharply-delineated 
spaces of CSF intensity on T2-weighted images that fol-
lowed the course of perforating arterioles. Enlarged BG-PVS 
were graded at the level of the basal ganglia and considered 
moderate-to-severe if > 10 lesions were seen in one side of 
the brain [23]. In addition, non-lacunar strokes were identi-
fied and classified according to their specific stroke subtype.

MRIs were independently read by two investigators 
blinded to clinical data. Kappa coefficients for inter-reader 
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agreement were 0.91 for moderate-to-severe WMH, 0.82 
and 0.90 for CMB and lacunes presence, respectively, 0.84 
for enlarged BG-PVS, and 0.92 for non-lacunar strokes; 
disagreements were resolved by consensus

2.4  Outcome Measures

Study participants were screened yearly to determine 
changes in vital status. Ambulatory blood pressure was 
determined at every visit according to a previously described 
protocol [17]. Likewise, a validated field instrument 
designed to determine new (incident) strokes was applied 
to all individuals and suspected cases were examined by a 
certified neurologist—blinded to the results of fundoscopic 
examination—with the aid of information provided by MRI. 
In addition, field personnel continuously visited households 
were participants live and reminded them and their proxies 
to notify us in case of a new major health problem or in 
the event of death. Positive non-fatal outcomes were evalu-
ated by participants’ or proxy-delivered medical history and 
medical records review (in case of admission to neighboring 
hospitals); then, a certified neurologist confirmed the diag-
nosis of incident stroke as previously described. Death cer-
tificates were reviewed and verbal autopsies were obtained 
to ascertain the date and probable cause of death. For the 
current study, the last censoring date was set as the 1st of 
June 2021. Participants who declined consent and those who 
emigrated were censored at the last annual survey when the 
individuals were interviewed, and those who died were cen-
sored at the time of death.

2.5  Clinical Covariates

Demographics (age, gender, level of education), cardiovas-
cular risk factors, the mean of several systolic and diastolic 
blood pressure determinations during the study years, and 
development of a new-onset stroke during the follow-up 
were selected as covariates. Age was recorded at the time 
of retinal photographs. Cardiovascular risk factors were 
assessed at baseline by means of the American Heart Asso-
ciation (AHA) criteria, and determined as poor as follows: 
current smoker status, a body mass index ≥ 30 kg/m2, no 
moderate and vigorous physical activity, intake of 0–1 com-
ponents of the healthy diet proposed by the AHA, fasting 
glucose ≥ 126 mg/dL, and total cholesterol levels ≥ 240 mg/
dL [24]. Baseline blood pressure, also included by the AHA 
as a cardiovascular risk factor, was not used as a covariate 
because of collinearity.

2.6  Statistical Analysis

All data analyses were carried out by using STATA version 
17 (College Station, TX, USA). Baseline characteristics of 

the study population were compared according to HTRP 
severity (dichotomized in none or grade 1, and grade 2 or 
higher) using linear models for continuous variables and the 
chi-squared test or the Fisher exact test for categorical vari-
ables. We calculated the crude mortality incidence rate ratio 
(IRR) overall and stratified by HTRP severity using Pois-
son regression. To compute the person-years of follow-up 
we considered the time from retinal photographs to the last 
censoring date, study drop-out, or time of death. A Cox-
proportional hazard model (Breslow method for ties) was 
fitted to calculate the Hazard Ratio (HR) with its 95% confi-
dence interval (CI) in order to estimate the risk for all-cause 
mortality according to the presence of HTRP Grade 2 or 
higher, after adjusting for the above-mentioned clinical and 
neuroimaging covariates.

3  Results

Of 241 individuals receiving baseline retinal photographs 
and brain MRIs, five declined consent for the present cohort 
study and were not included. HTRP Grade 2 or higher was 
determined in 42 of 236 (18%) individuals.

The mean age (at baseline) of study participants was 69.3 
± 7.3 years (median 67.8 years), 138 (58%) were women, 
and 191 (81%) had primary school education only. Cardio-
vascular risks factors were distributed as follow: six (3%) 
were current smokers, 47 (20%) were obese, 16 (7%) were 
physically inactive, 10 (4%) had an unhealthy diet, 79 (33%) 
had hyperglycemia, and 31 (13%) had hypercholesterolemia. 
Moderate-to-severe WMH were detected in 49 (21%) par-
ticipants, CMB in 24 (10%), lacunes in 31 (13%) and >10 
enlarged BG-PVS in 69 (29%). A total of 18 (8%) study 
participants had baseline non-lacunar strokes. The mean 
systolic and diastolic blood pressure determinations during 
follow-up were 135.4±16.9 and 73.3±9.7 mmHg, respec-
tively, and 17 (7%) individuals developed an incident stroke. 
During follow-up, five participants abandoned the study 
(emigration).

Fifty participants (21%) died during a mean follow-up 
of 5.2 ± 1.2 years (range 0.6–5.8), median: 5.7 years, IQR 
5.6–5.8 (total years of follow-up 1236), resulting in an over-
all unadjusted crude mortality rate of 4.1 (95% C.I. 2.9–5.2) 
per 100 person-years of follow-up. Mortality rate in subjects 
with HTRP Grade 2 or higher was 7.2 (95% C.I. 3.5–10.8) 
and in those no HTRP or Grade 1 only was 3.4 (95% C.I. 
2.3–4.5) per 100 person-years of follow-up.

Table 1 summarizes participants’ characteristics accord-
ing to HTRP severity. In unadjusted analysis, having moder-
ate-to-severe WMH, > 10 enlarged BG-PVS, and non-lacu-
nar strokes were significantly associated with HTRP Grade 
2 or higher, while being obese was inversely associated 
with HTRP Grade 2 or higher. In addition, mortality was 



616 O. H. Del Brutto et al.

significantly associated with HTRP Grade 2 or higher [15/42 
(36%) versus 35/194 (18%), p = 0.011]. The probable cause 
of death vas vascular (stroke, acute myocardial infarction) 
in 13 individuals and non-vascular (mostly end-stage kidney 
disease, liver cirrhosis, or cancer) in 25. The remaining 12 
subjects died during the acute phase of severe COVID-19. 
There were no significant differences in the probable cause 

of death across grades of HTRP severity; however, small 
numbers preclude proper analysis of this data.

A Cox-proportional hazard model showed that individu-
als with HTRP Grade 2 or higher maintained a greater than 
two-fold mortality risk (HR 2.08; 95% C.I. 1.04–4.15; p = 
0.038) when compared to those with no HTRP or Grade 1 
only, after adjusting for covariates of interest (Fig. 1). In this 

Table 1  Characteristics of Atahualpa residents aged ≥ 60 years according to the presence and severity of hypertensive retinopathy (univariate 
analyses)

HTRP hypertensive retinopathy, BG-PVS enlarged basal ganglia-perivascular spaces
*Statistically significant result

Total series (n = 236) Normal retina and HTRP 
Grade 1 (n = 194)

HTRP
Grade 2 or higher (n 
= 42)

p value

Age, years (mean±SD) 69.3 ± 7.3 69.5 ± 7.5 68.4 ± 5.9 0.373
Women, n (%) 138 (58) 112 (58) 26 (62) 0.619
Primary school education, n (%) 191 (81) 158 (81) 33 (79) 0.668
Current smoker, n (%) 6 (3) 4 (2) 2 (5) 0.290
Body mass index ≥ 30 kg/m2, n (%) 47 (20) 42 (22) 5 (12) < 0.001*
Poor physical activity, n (%) 16 (7) 12 (6) 4 (10) 0.496
Poor diet, n (%) 10 (4) 9 (5) 1 (2) 0.510
Fasting glucose ≥ 126 mg/dL, n (%) 79 (33) 61 (31) 18 (43) 0.155
Total cholesterol ≥ 240 mg/dL, n (%) 31 (13) 23 (12) 8 (19) 0.211
Moderate-to-severe WMH, n (%) 49 (21) 34 (18) 15 (36) 0.008*
Cerebral microbleeds, n (%) 24 (10) 18 (9) 6 (14) 0.330
Lacunes, n (%) 31 (13) 22 (11) 9 (21) 0.079
> 10 enlarged BG-PVS, n (%) 69 (29) 47 (24) 22 (52) < 0.001
Non-lacunar strokes, n (%) 18 (8) 11 (6) 7 (17) 0.015*
Systolic pressure (follow-up), mean±SD 135.4 ± 16.9 135.3 ± 16.6 136.2 ± 18.4 0.755
Diastolic pressure (follow-up), mean±SD 73.3 ± 9.7 72.9 ± 9.6 75.4 ± 9.9 0.129
Incident stroke, n (%) 17 (7) 14 (7) 3 (7) 0.987
Mortality, n (%) 50 (21) 35 (18) 15 (36) 0.011*

Fig. 1  Kaplan-Meier survival 
curves and Hazard Ratios with 
95% confidence intervals for 
all-cause mortality according to 
hypertensive retinopathy sever-
ity, adjusted for demographics 
and cardiovascular risk
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model, several covariates reached independent significance 
in the relationship between HTRP severity and mortality, 
including: increasing age (p < 0.001), primary school educa-
tion only (p = 0.044), unhealthy diet (p = 0.028), presence 
of lacunes (p = 0.019), and the mean values of systolic and 
diastolic blood pressures during follow-up (p < 0.001). The 
reason why age remained as a significant covariate in the 
Cox-proportional hazard model but not in univariate analysis 
(Table 1) is because increasing age is associated with mor-
tality, not with HTRP severity.

A multivariate Poisson regression model compared mor-
tality rates using ordinal categories of HTRP as independent 
variables. In this model—using the category of “no HTRP” 
as the reference value—there was no difference in the IRR 
of mortality when compared to individuals having HTRP 
Grade 1 (IRR 1.13; 95% C.I. 0.58–2.19; p = 0.723), but 
there was an increased IRR when compared with those with 
HTRP Grade 2 (IRR 2.13; 95% C.I. 1.04–4.39; p = 0.040) 
and Grades 3-4 (IRR 4.72; 95% C.I. 1.38–16.1; p = 0.013). 
The above-mentioned model took into account the months 
of follow-up.

4  Discussion

In this population-based cohort of pre-hypertensive and 
hypertensive older adults living in a rural setting, HTRP 
severity predicts all-cause mortality independently of demo-
graphics, cardiovascular risk factors, neuroimaging signa-
tures of cSVD, non-lacunar stroke subtypes, incident strokes 
and blood pressure control during follow-up.

As previously mentioned, only few population-based 
studies have addressed mortality risk among individu-
als with HTRP [10–13]. In the Beaver Dam Eye Study, 
the authors reviewed baseline retinal photographs of 413 
individuals who died from cardiovascular diseases over a 
10-year period (case-patients) and compared the prevalence 
of retinopathy—not necessarily HTRP—in this group with 
that of 1,198 study participants (controls) who remained 
alive during those years. A total of 80 (20.3%) individu-
als who died and 126 (11%) of those who remained alive 
had retinopathy, for an adjusted odd ratio of 1.8 (95% C.I. 
1.2–2.7) [10]. Another study in the same population—con-
fined to non-diabetic individuals–retinopathy was associated 
with a higher risk of all-cause and cerebrovascular mortal-
ity (HR 1.76; 95% C.I. 1.16–2.69, and HR: 3.17; 95% C.I. 
1.73–5.78, respectively) after 14 years of follow-up; the total 
sample of this study was 4294 individuals (3059 survivors 
and 1,235 deaths) [11].

In the largest study conducted to date, 87,890 Japanese 
individuals aged 40–79 years, with arterial hypertension or 
not, were followed-up for a mean of 14 years. Those with 
grades 3-4 HTRP at baseline were not taken into account. 

The multivariable hazard ratios for all-cause mortality and 
cardiovascular disease mortality were higher in individu-
als with HTRP grade 2 when compared with those with no 
HTRP or HTRP grade 1 (p for trend < 0.01) [12]. Another 
study, using 7640 participants of the National Health and 
Nutrition Examination Survey (NHANES), disclosed that 
the risk for all-cause mortality was significantly higher in 
subjects presenting with HTRP plus chronic kidney disease 
than in those with HTRP alone (HR 239; 95% C.I. 1.77–3.22 
versus 1.02; 95% C.I. 0.75–1.38) [13].

While, in general terms, the above-mentioned studies are 
in line with results of the present study, study designs and 
procedures are not totally comparable. For example, none 
of these studies systematically performed brain MRIs at 
baseline in all study participants. Therefore, pre-existing 
cerebrovascular damage of study participants could not be 
accurately determined in view of the several asymptomatic 
lesions that may subsequently result in the development of 
catastrophic consequences such a stroke-related death.

A debated question is whether aggressive treatment of 
blood pressure levels below than standard targets is benefi-
cial in reducing mortality in subjects with HTRP without 
taking into account the complete set of cardiovascular risk 
factors or pre-existing asymptomatic or paucisymptomatic 
cerebrovascular diseases [8]. It is possible that other life-
style interventions such as improving dietary habits, weight 
loss, strict glucose control, and smoking cessation may 
provide additional benefit in individuals with HTRP. In our 
series, for example, an unhealthy diet remaining as a sig-
nificantly independent covariate in the model assessing the 
relationship between HTRP severity and all-cause mortality. 
More information is needed for the rational implementa-
tion of cost-effective intervention strategies among these 
individuals.

The present study has several strengths that include the 
population-based design, the assessment of retinal photo-
graphs by means of a uniform and standardized protocol, 
the systematic practice of neuroimaging studies (MRIs) that 
focused on the presence of baseline cerebrovascular lesions, 
and the detailed clinical characterization and follow-up of 
the study population. Study limitations include low gener-
alizability to other populations, absence of cause of death 
sub-analysis due to suspected inaccuracies in death certifi-
cates and verbal autopsy reports and limited number of fatal 
outcomes, and the lack of investigation of other hyperten-
sion-related end-organ damage (kidneys and the heart) that 
may have contributed to the higher mortality rate among 
individuals with HTRP. In addition, it is possible that some 
unmeasured covariates accounted for part of the disclosed 
relationship between HTRP and mortality.

In this population-based study, participants were taken 
from the community and not from specialized clinics. 
Therefore, the frequency of individuals with HTRP grades 
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3–4 was low (only 4 subjects) and three of them died in the 
follow-up. While these numbers may be too low to get valid 
conclusions, the Poisson regression model showed a linear 
effect on mortality when different HTRP Grades were indi-
vidually compared, suggesting an independent increased risk 
of mortality when subjects with HTRP Grades 2 or higher 
when compared to those of no HTRP.

In summary, HTRP Grade 2 or higher is associated with 
all-cause mortality in community-dwelling Amerindians liv-
ing in a rural setting, similar to that previously reported in 
other races/ethnic groups living in urban centers. Incidental 
diagnosis of HTRP is a reliable and practical tool to predict 
adverse outcomes, even in remote populations with limited 
access to healthcare. Despite the absence of high-quality 
evidence, interventions aimed to a complete cardiovascular 
risk control may result cost-effective in underserved popula-
tions to reduce adverse outcomes related to HTRP.
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