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OBJECTIVE: To determine the relationship between socioeconomic status (SES) and visual impairment (VI) or blindness in the rural
Peruvian Amazon, hypothesizing that higher SES would have a protective effect on the odds of VI or blindness.
METHODS: In this cross-sectional study of 16 rural communities in the Peruvian Amazon, consenting adults aged ≥ 50 years were
recruited from ~30 randomly selected households per village. Each household was administered a questionnaire and had a SES
score constructed using principal components analysis. Blindness and VI were determined using a ministry of health 3-meter visual
acuity card.
RESULTS: Overall, 207 adults aged ≥ 50 were eligible; 146 (70.5%) completed visual acuity screening and answered the
questionnaire. Of those 146 participants who completed presenting visual acuity screening, 57 (39.0%, 95% CI 30.2–47.1) were
classified as visually impaired and 6 (4.1%, 95% CI 0.9–7.3) as blind. Belonging to the highest SES tercile had a protective effect on VI
or blindness (OR 0.29, 95% CI 0.09 to 0.91, p= 0.034), with a linear trend across decreasing levels of SES (p= 0.019). This observed
effect remained significant regardless of how SES groups were assigned.
CONCLUSION: Belonging to a higher SES group resulted in a lower odds of VI or blindness compared to those in the lowest SES
group. The observation of a dose response provides confidence in the observed association, but causality remains unclear.
Blindness prevention programs could maximize impact by designing activities that specifically target people with lower SES.

Eye; https://doi.org/10.1038/s41433-021-01870-x

INTRODUCTION
Overall, 405 million people worldwide are estimated to live with
visual impairment (VI), 76% of whom suffer from a treatable or
preventable cause, with the majority living in low-income
countries with minimal access to detection and treatment [1, 2].
Socioeconomic status (SES) has been associated with a variety of
adverse visual outcomes, including VI [3, 4], and this relationship is
accentuated in rural areas [5, 6]. While some studies on the
prevalence of VI and its associated risk factors have been
conducted in the Brazilian Amazon, few studies exist for Peru
and fewer still have examined the association between SES and VI
[7–9]. Furthermore, many of the existing studies failed to use a
composite, asset-based measure of SES. Low SES might be
expected to have a particular impact on health outcomes in the
Peruvian Amazon, given the remoteness of communities and

relative inaccessibility of eye care. In this study, we sought to
determine the relationship between SES and VI in the Alto
Amazonas region of Peru, hypothesizing that higher SES would
have a protective effect on the odds of VI and blindness.

MATERIALS AND METHODS
Study design and setting
Peru is organized into 26 regions, which are further subdivided into
provinces and districts. Alto Amazonas is one of eight provinces in the
region of Loreto, covering 18,764 km2 and containing a population of
122,725 in its six districts (i.e., Balsapuerto, Lagunas, Santa Cruz, Jeberos,
Teniente César López Rojas, and Yurimaguas) [10]. Supplementary Fig. 1
depicts the study location within Peru and the location of study villages,
other villages, and optometrists or ophthalmologists offices. According to
the 2017 census, 83,584 (68.1%) of the total population was urban and
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12,756 (15.1%) of those 12 years old and above identified as indigenous
[10]. A 2018 report by Peru’s National Institute of Statistics and Informatics
found that out of the 1,874 districts in Peru, Balsapuerto ranked as the
249th poorest district, Lagunas as the 578th, Santa Cruz as the 580th,
Jeberos as the 878th, Teniente César López Rojas as the 978th, and
Yurimaguas as the 1031st. The proportion of the population living below
the poverty line ranged from 44.3 to 62.5% in Balsapuerto and 27.6 to
35.9% in Yurimaguas. For comparison, the Iquitos district, containing the
capital city of the Loreto region, was ranked 1752nd with 6.7–10.6% of the
population below the poverty line while the Miraflores district in Lima was
ranked 1873rd with 0.0–0.2% of the population below the poverty line [11].
In this cross-sectional study, 22 communities, defined as settlements of 100
people or more [12], in the Alto Amazonas region of Peru were randomly
selected from a sampling frame of 105 communities for participation in a
trachoma prevalence survey using probability-proportional-to-size sam-
pling after excluding urban areas (i.e., the capital city of each district and
the district of Yurimaguas, given the expected low burden of trachoma in
urban areas) [13, 14]. In addition to collecting data on trachoma, visual
acuity in adults 50 years and older was measured in order to leverage the
effort necessary to reach these areas. After field testing the visual acuity
procedures in several communities during the first round of fieldwork, the
subsequent 16 communities were selected for this sub-study. Within each
village, ~30 randomly selected households were visited and all adults 50
years and older within the household invited to participate. Fieldwork was
conducted from January to March of 2021.
The sample size was based on the underlying trachoma prevalence

survey and therefore fixed. Assuming (1) 30 households and 180 people
aged ≥ 1 year would be surveyed per community, (2) 10% of the
population would be ≥50 years (i.e., ~288 people across all communities,
and thus 96 per tercile), (3) the prevalence of VI and blindness would be
~20% [9], and (4) an alpha of 0.05, then the study would provide ~80%
power to estimate a 15% or greater difference in the prevalence of
blindness or VI between the lowest and highest SES terciles (i.e., 10% vs
25% VI).

Data collection
Vision was tested in a central location in the village by field workers who
had undergone a 1-week training using a Ministry of Health endorsed
3-meter visual acuity card (Ministerio de Salud, Lima, Peru). The card
consists of six lines of tumbling E optotypes of different sizes
(corresponding to 20/200, 20/100, 20/70, 20/50, 20/40, and 20/30)
(Supplementary Fig. 2). Individuals were seated 3 meters away from the
card in ambient lighting conditions and each eye was tested separately. A
successful effort required the correct identification of half or more of the
optotypes in each line. If participants were unable to detect the optotypes,
the fieldworker tested them for the ability to read the largest optotype at
1.5 m (i.e., 20/400), counting fingers (CF) at 1.5 m, hand motion (HM) at 1.5
m, or light perception (LP) at 30 cm. If the participants could not perceive
light they were recorded as no LP (NLP). Participants were first tested with
spectacle correction if available (i.e., the World Health Organization
[WHO]’s definition of presenting visual acuity), followed by pinhole
occlusion over any correction.
Each head of household was administered a socioeconomic survey, with

survey items modified from the questions from Peru’s 2012 Demographic
and Health Survey, with input from local health workers and researchers
[15]. Since the study was planned for a rural and relatively resource-limited
population, the questionnaire focused on asset-based measures to capture
SES instead of information on consumption, expenditure, or income
[16, 17].

Definitions and conventions
Visual acuity for the better seeing eye was used in all analyses, categorized
according to the WHO’s International Classification of Disease [18].
Individuals with visual acuity worse than 20/60 up to 20/400 were
considered visually impaired, with individuals scoring 20/70, 20/100, and
20/200 considered moderately visually impaired, and those scoring 20/400
considered severely visually impaired. Those scoring worse than 20/400
(i.e., CF, HM, LP, NLP) were considered blind.
A principal components analysis (PCA) was used to construct a SES index

for each household. As PCA works best when asset variables exhibit varied
distribution across households, assets owned by all or no households were
removed. Multilevel categorical SES variables were dichotomized (e.g., type
of floor converted into presence or absence of wooden floor, dirt floor, or
brick floor). The statistical methods used to convert survey questions into a

SES score have been described elsewhere [19]. The PCA in this study was
conducted via singular value decomposition of the centered and scaled
data-matrix in order to account for differences in the units of measurement
for each variable (e.g., quantitative variables like number of birds were
given equal weight as binary ownership variables). The first principal
component score for each household was assumed to be a measure of SES
and was standardized to a mean of 0 and standard deviation of 1. The
households were then grouped into socioeconomic terciles, assigning
the top third of households to the highest tercile, the lowest third to the
lowest tercile, and the remaining third to the middle tercile. Other
thresholds for grouping SES were explored in sensitivity analyses.

Statistical considerations
The exposure of interest was socioeconomic tercile and the outcome was
presenting VI or blindness. The relationship between SES tercile and
presenting VI or blindness was assessed with an age- and sex-adjusted
mixed effects logistic regression model with a random intercept for
community to account for community-level clustering. A similar model was
constructed for pinhole VI (i.e., VI or blindness in the better seeing eye with
pinhole occlusion). Age was treated as a continuous variable in all models.
Missing SES data from 39 participants, most of whom were missing only
one (N= 19) or two (N= 9) fields, were imputed using the data
interpolating empirical orthogonal functions approach, which has been
described elsewhere [20]. In sensitivity analyses, prevalence ratios (PR)
were calculated using a modified Poisson approach with robust standard
errors [21]. A significance level of 0.05 was chosen for all analyses given the
exploratory nature of this observational study. All analyses were performed
with R version 3.6.0 (R Foundation for Statistical Computing, Vienna,
Austria).

Ethics
The study adhered to the guidelines of the Declaration of Helsinki and
received ethical approval from the University of California San
Francisco (reference number: 247252), Universidad Peruana Cayetano
Heredia (reference number: 104344), and the Pan American Health
Organization (reference number: PAHOERC.0145.03). Written informed
consent was obtained for all participants; no stipend was provided.

RESULTS
Overall, 207 adults ≥ 50 years were eligible for inclusion; 146
(70.5%) completed visual acuity screening and answered the SES
questionnaire. There was no evidence of differences between
participants and non-participants in terms of sex or age (p value
for sex= 0.848; p value for age= 0.640). Of the 146 participants
who completed presenting visual acuity screening, 57 (39.0%, 95%
CI 30.2–47.1) were classified as visually impaired (N= 54 with
moderate VI [i.e., visual acuity of 20/70, 20/100, and 20/200 in the
better seeing eye] and N= 3 with severe VI [i.e., visual acuity of 20/
400 in the better seeing eye]) and 6 (4.1%, 95% CI 0.9–7.3) as blind
(i.e., visual acuity worse than 20/400 in the better seeing eye). Of
the 146 participants who completed pinhole visual acuity screen-
ing, 40 (27.4%, 95% CI 19.3–34.6) were visually impaired (N= 38
with moderate VI and N= 2 with severe VI) and 6 (4.1%, 95% CI
0.9–7.3%) blind. Aggregated results for each of the survey
questions after dichotomization are provided in Supplementary
Table 1.
When categorized into terciles, the middle and lowest SES

terciles had a higher percentage of individuals with both
presenting and pinhole VI compared to the highest tercile
(Table 1). The results of the age- and sex-adjusted mixed-effect
logistic regression models for presenting VI and blindness are
depicted in Fig. 1. The model found that those in the highest SES
tercile had 0.29 the odds of being blind or visually impaired
relative to those in the lowest SES tercile (95% CI 0.09–0.91, p=
0.034). Those in the middle SES tercile also had lower odds of
blindness or VI compared to the lowest SES tercile, although the
relationship did not achieve predetermined statistical significance
(OR 0.42, 95% CI 0.14–1.29, p= 0.130). Conclusions did not change
when analyses were repeated without imputing missing variables
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(OR 0.19 comparing highest to lowest SES tercile, 95% CI
0.06–0.67, p= 0.011).
Sensitivity analyses found a similar relationship between SES and

VI using other common thresholds to segment individuals into SES
groups [19, 22, 23]. Specifically, similar regression models were
constructed with socioeconomic groups assigned as: (1) unequal
thirds (i.e., 20% in the highest and 40% in the middle and bottom
groups) and (2) equal quintiles (i.e., 20% in each group). The highest
SES group had a lower odds of VI or blindness in both unequal SES
thirds (OR 0.28, 95% CI 0.08–0.94; p= 0.039) and equal SES quintiles
(OR 0.22, 95% CI 0.05–0.88; p= 0.033) relative to the lowest SES
group (Fig. 1). In all cases, statistical analyses only provided strong
evidence of a reduced odds in the highest SES group relative to the
lowest, although evidence of a linear trend was found when
comparing the odds ratios across increasing levels of SES (Fig. 1;
p value for first-order orthogonal polynomial contrast= 0.019 using
imputed data and equal SES terciles, p= 0.011 using complete
data, p= 0.039 using uneven SES thirds, and p= 0.025 using SES
quintiles). A sensitivity analysis with a modified Poisson regression
was consistent with the main results (PR for highest equal tercile
relative to lowest: 0.56, 95% CI 0.38–0.85; p= 0.006).
The results of age- and sex-adjusted mixed effects logistic

regression models for the pinhole vision outcomes were
consistent with the main analysis, with a similar magnitude of
effect but wider confidence intervals and less statistical evidence
to support the observed odds ratios and linear trends (Fig. 1).

DISCUSSION
This study’s principal finding was that individuals of higher SES
had lower odds of presenting VI or blindness relative to the lowest
SES group. This effect remained significant regardless of the
thresholds used to segment individuals into SES groups and
exhibited a linear dose response, thus strengthening the like-
lihood of the observed association.
We found that approximately 40% of individuals were classified

as VI and 4% as blind when using presenting visual acuity. While
the present study’s estimates have relatively wide confidence
intervals, the observed prevalence of blindness was similar to a
2005 study in rural northern Peru as well as a 2019 study in the
Brazilian Amazon [9, 24]. In contrast, the overall prevalence of
blindness in Peru is ~2% based on a 2014 nationwide survey [25].
Estimates of VI in the present study were generally higher than
those of previous studies in Peru and other parts of Latin America

[9, 24–32]. It is plausible that the more rural and remote areas of
Peru, such as this remote part of the Amazon, have a higher
burden of VI and blindness given poorer access to ophthalmic
care and fewer government –sponsored vision programs.
While we did not investigate the etiology of blindness or VI in

our study population, the decrease in the proportion of individuals
with presenting VI after pinhole correction from 39.0 to 24.7%
suggests a relatively high burden of uncorrected refractive error in
this population, similar to what has been reported in other parts of
Latin America [33–35]. Pinhole correction did not change the
proportion of blind individuals in the present study and more
detailed evaluation of the etiology of blindness in the region is
necessary. Interestingly the magnitude of the effect of SES on
pinhole VI or blindness was similar to the main analysis; the wider
confidence intervals and weaker statistical evidence to support
the observed odds ratios are likely due to the presence of fewer
visually impaired individuals after pinhole correction.
Several studies have looked at the association between VI or

blindness and markers of SES. Rius et al. [4] found that illiterate,
disabled, and unemployed individuals had significantly higher
odds of VI in El Salvador. An ecological analysis of cross-sectional
eye health surveys from seven Latin American countries found a
higher prevalence of blindness and moderate VI among the more
socially disadvantaged countries, determined as a composite of
educational achievement, literacy, and wealth [34]. Our results
agree with these prior studies and increase the rigor of the
analysis through the use of household-level composite SES scores
and individual analysis. It is notable that the present study found
SES to be correlated with VI even within one the poorest regions
of the country, where the differences between rich and poor may
not be as stark as in other places. While level of education could
have been used as a proxy for SES, the vast majority (84%) of
adults in the area had completed primary or secondary schooling
and thus educational achievement would likely have been less
able to classify individuals into different groups compared to the
use of a composite SES score [10]. These studies draw attention to
the need for interventions to reduce blindness and VI in the most
disadvantaged groups, among whom the burden is highest.
This study is relevant for public health planners in Peru and

other countries with very remote populations, since it highlights
that VI and blindness appear to be most common in the very
population that has the least financial resources available for
diagnosis or treatment. Given the expense and time required to
even reach one of these villages in the Amazon, a blindness
prevention program may want to design activities that specifically
target those with low SES, who are both most likely to benefit
from an intervention and also least likely to be able to afford an
intervention on their own. Although specific activities would
undoubtedly need to be adapted to the local context, examples of
such interventions include offering discounted or free spectacles
and cataract surgical services, providing education regarding eye
diseases and available eye care services, and deploying equitable
models of eye health delivery [36, 37].
Several limitations of the present study should be noted. The

cross-sectional nature precluded conclusions about causation,
given the possibility of reverse causality. The individuals who did
not complete both visual acuity screening and the questionnaire
may have differed systematically and resulted in selection bias,
although we found no evidence of a difference in age or sex
between the two groups. SES was calculated at the household
level and assumed to apply to all household members equally.
Ordinal data on visual acuity were dichotomized, which reduced
statistical power but made for more easily interpretable regression
models. The relatively small sample size increased the uncertainty
of prevalence estimates. The small number of blind individuals
and their uneven distribution across the socioeconomic groups
prevented a separate analysis looking exclusively at the relation-
ship between SES and blindness. While the sampling schema for

Table 1. Demographic data and number blind or visually impaired in
each socioeconomic tercile.

Highest SES Middle SES Lowest SES

Total in group 48 49 49

Number female (%) 22 (45.8%) 23 (46.9%) 17 (34.7%)

Median age (IQR) 60 (54–68) 64 (52–69) 54 (52–64)

Presenting visual acuity

No VI or blind (%) 31 (64.6%) 26 (53.1%) 26 (53.1%)

Number VI (%) 17 (35.4%) 21 (42.9%) 19 (38. 8%)

Number blind (%) 0 (0.0%) 2 (4.1%) 4 (8.2%)

Number VI or blind (%) 17 (35.4%) 23 (46.9%) 23 (46.9%)

Pinhole visual acuity

No VI or blind (%) 37 (77.1%) 30 (61.2%) 33 (67.4%)

Number VI (%) 11 (22.9%) 17 (34.7%) 12 (24.5%)

Number blind (%) 0 (0.0%) 2 (4.1%) 4 (8.2%)

Number VI or blind (%) 11 (22.9%) 19 (38.8%) 16 (32.7%)

VI visual impairment.
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the parent trachoma study increased the study’s generalizability
within this region of Peru, the generalizability of the findings
outside of Alto Amazonas is not clear; it is possible that SES has a
weaker association with VI and blindness in other locations with
better access to eye health services.
In summary, we found that belonging to a higher SES group

resulted in a lower odds of VI or blindness compared to those in
the lowest group, regardless of the manner in which the groups
were constructed. The observation of a linear dose response
provides confidence in the observed association, but reverse
causality remains a concern. Although studies in other areas of the
Amazon basin would be helpful to assess generalizability, these

findings can aid public health planners identify at-risk groups who
would benefit the most from ocular health interventions.

SUMMARY

What was known before

● SES has been associated with various adverse visual outcomes.
This relationship is accentuated in rural areas. To date there
exist little data from the Amazon basin.

Fig. 1 Odds ratios for presenting (first row) and pinhole (second row) visual impairment and blindness for different SES groupings.
Individuals were grouped into A even SES terciles with imputed data, B SES terciles using original data, C uneven thirds (i.e., 20% in the
highest and 40% in the middle and bottom groups) using imputed data, and D even quintiles (i.e., 20% in each group) using imputed data.
Odd ratios were calculated relative to the lowest tercile. Vertical lines represent 95% confidence intervals and the dashed horizontal line
represents an odds ratio of 1.
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What this study adds

● This study reports the relationship between VI or blindness
and SES in the Peruvian Amazon. It was found that lower SES
was associated with higher odds of VI or blindness.

DATA AVAILABILITY
The data that support the findings of this study are available on request from the
corresponding author. The data are not publicly available due to their containing
information that could compromise the privacy of research participants.
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