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Abstract

Purpose: Antiretroviral therapy reduced infectious eye diseases (EDs) in HIV infected people.
There is limited data on age-related EDs and visual impairment (V1) in people living with HIV. We
report prevalence of VI and spectrum of EDs in HIV infected people in an ART era in Rakali,
Uganda.

Methods: A philanthropic campaign during 2009-2012 provided ophthalmic services to HIV+
patients in care. Unilateral presenting visual acuity (VA) was assessed by a trained staff in HIV
clinics using a 6-meter Snellen chart. A slit lamp examination by an ophthalmologist evaluated
eyes with impaired acuity. A retrospective chart review was later conducted retrieving data of
patients participating the ophthalmic service. VI was defined referencing WHO’s ICD-11.
Ophthalmic diagnosis was summarized by V1 level. Logistic regressions estimated demographic
associations with cataract diagnosis.

Results: 688 HIV+ patients were evaluated, median age was 44 (IQR: 37-50) years, 69% were
female. 51% were on ART (median duration 4, IQR: 2-5 years). Crude prevalence of moderate/
severe VI and blindness were both 2%. The main diagnoses were refractive error (55%),
conjunctivitis (18%), cataract (15%), and pterygium (11%). Cataract prevalences were 10%, 12%
and 26% among age groups of 19-34, 35-49 and = 50 years, respectively. Cataract was found in
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73% of the HIVV+s with blindness and in 63% of those with moderate/severe V1. Older age and
male sex were significantly associated with higher cataract prevalence.
Conclusion: VI in HIV+ patients in Rakai was mainly due to refractive error and cataract.

Cataract was common in all age groups.
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Introduction

Human immunodeficiency virus (HIV) infection can lead to acquired immunodeficiency
syndrome (AIDS) affecting a broad spectrum of body organs.! In 2017, 36.9 million people
were living with HIV globally, in whom approximately 70% were in sub-Saharan Africa
(SSA).2 In Uganda, 1.3 million people are HIV infected with a prevalence of 7.3% in 2016.3

Before antiretroviral therapy (ART) availability, most ocular diseases in HIV-infected
patients were opportunistic infections which could lead to blindness in the absence of
prompt treatment.# Ocular manifestations secondary to HIV infection may involve different
segments of the eye,1:>6 and approximately 70% to 80% of ART naive HIV-infected patients
experienced an HIV-associated eye disorder.” However, the wide availability of ART has
dramatically reduced the incidence of opportunistic infections and shifted the spectrum of
ophthalmic disease among HIV infected patients.8:® Immune recovery uveitis following
ART initiation due to an immune response to cytomegalovirus antigen in the eye, is the most
common form of immune reconstitution inflammatory syndrome in the early introduction of
highly active antiretroviral therapy.1® ART has transformed HIV into a chronic disease, and
ART treated HIV-infected patients may expect a normal or near normal lifespan.11 However,
compared to HIV-negative people, ART treated HIV-infected patients are at higher risks of a
myriad of age-related diseases, including cardiovascular disease,? non-AIDS defining
cancers,13 osteopenia/osteoporosis, 14 liver disease,® renal disease,® and neurocognitive
decline.1” Data on ocular functions and diseases in HIV-infected people in the ART era are
mainly from developed countries®-20 where the dominant circulating strains are HIV
subtypes B and C2. In SSA, limited data are available on the epidemiology of visual
impairment and the spectrum of eye diseases in HIV-infected people in the ART era.

With philanthropic funds, the Uganda Rakai Health Sciences Program provided free
ophthalmic services to HIV-infected patients who were under HIV care in 2009-2012 in
Rakai district, Uganda. This retrospective chart review study aims to (i) describe the
spectrum of eye diseases observed in the HIV positive patients who participated in the
ophthalmic service camp, (ii) to report prevalence of visual impairment based on visual
acuity (VA) and the pathologies associated with visual impairment, and (iii) to assess the
associations of demographic variables and ART duration with prevalence of cataract
diagnosis.
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Materials and methods

This study is a retrospective review of medical charts of HIV-positive patients who
participated in an ophthalmic service camp held during 2009-2012 at HIV clinics in Rakai
district, south-central Uganda. Rakai district is of a typical rural African setting, with a
generalized heterosexual HIV epidemic.?2:23 The circulating HIV subtypes are mainly HIV
subtype A, D and A/D recombinants.24 In the population based survey of Rakai residents
aged 15-49 years conducted during 2009-2011, HIV prevalence was 13% and 23% of HIV-
infected people were on ART.23 The Rakai Health Sciences Program (RHSP) has conducted
HIV-related surveillance and provided free HIV related prevention, care, and treatment
services in Rakai communities since the 1990s.22 ART became available in Rakai in 2004,
and the RHSP has been the main provider providing over 90% of HIV care and ART to
Rakai residents. The criteria for ART initiation was CD4 < 250 cells/mm?3 from 2004 to
mid-2011 and changed to CD4 < 350 cells/mm?3 in mid-2011. During 2009-2012, the
program provided free ophthalmic exams and services to HIV-infected patients who were in
HIV care or on ART treatment. Specifically, all patients seen in RHSP’s HIV clinics were
invited to participate in visual acuity (\VA) assessments and ophthalmic exams provided by
trained clinical staff and an ophthalmologist in the RHSP’s central facility. If appropriate,
treatments (e.g., antibiotic eye drops) were offered at no cost. Patients with cataract who
would benefit from surgery were also scheduled for cataract surgery provided by the
ophthalmologist at no charge.2®

During the ophthalmic service camp, unilateral presenting VA was assessed by a trained
clinical officer using a 6-meter Snellen chart in a dedicated clinic room. Ophthalmic
diagnoses were made by the ophthalmologist using a slip lamp exam. Findings were
recorded and this chart review was conducted in 2015 using a standard data abstraction form
recording demographics, year of the ocular exam, presenting VAs of both eyes and
ophthalmic diagnoses. Additionally, since all participants were under RHSP’s HIV care,
their ART initiation year was also retrieved from their HIV care records.

This study was conducted according to the International Conference on Harmonization
Good Clinical Practice Guidelines, the applicable regulatory requirements, the current
Declaration of Helsinki, and the Health Insurance Portability and Accountability Act. Data
for this study did not record identifiable information, and the study was considered as
exempt from informed consent process by the Institutional Review Board of the University
of Massachusetts-Ambherst.

Data analysis

Based on the presenting VA, visual impairment (V1) was categorized in reference to World
Health Organization International Classification of Disease-11 (WHO ICD-11) guidelines26
as 1) Normal/mild VI (VA better than 20/70); 2) moderate VI: VA equal to or worse than
20/70 and equal to or better than 20/200; 3) severe VI: VA worse than 20/200 and equal to or
better than 20/400; and 4) blind: VA worse than 20/400 to no light perception. Logistic
regression was used to assess the associations between the prevalence of common eye
pathologies and demographic characteristics and ART treatment duration. All statistical
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analyses were performed using R 3.5.0. All P-values reported were two-sided, and a
significance level of 0.05 was used.

There were 688 HIV-infected patients under HIV care who participated in the ophthalmic
service, including 6 patients aged < 18 years. Of the 688 patients (Table 1), 477 (69.3%)
were female. Their ages ranged from 4 to 80 years with a median age of 44 years
[interquartile range (IQR): 37-50]. 349 (50.7%) of the participants were on ART therapy
with a median ART duration of 4 years (IQR: 2-5; range: 1-8). All patients were in HIV
care, of whom the median duration of HIV care was 4 years (IQR: 2-5; range 0-8).

The four most common pathologies diagnosed were refractive errors (N=366, 54.8%),
conjunctivitis (N=120, 18.0%), cataract (N=101, 15.01%), and pterygium (N=71, 10.7%)
(Table 2). Toxoplasmosis retinitis was found in three patients (0.45%). The full spectrum of
pathologies are presented in Table 2.

When VI was defined by the better-seeing eye, 96.0% participants had a normal vision or
mild V1 (i.e., VA —better than 20/70) (Table 3); 2.1% participants had moderate VI (i.e., VA:
20/70 - 20/200); no participants had severe VI (i.e., VA worse than 20/200 — 20/400), and 11
(1.9%) participants had blindness (i.e., VA worse than 20/400). Regarding VI at the eye
level, 92.0% eyes had no or mild V1, 2.7% with moderate VI, and 5.3% with blindness
(Table 3). Table 3 also presents the crude prevalence estimates by age groups of 19-49 and
=50 years.

To examine the pathologies associated with VI, Figure 1 shows the distribution of
pathologies in participants with blindness or moderate V1. In participants with at least one
eye blind (i.e. VA worse than 20/400 or no light conception) (N=56), 73.0% had a diagnosis
of cataract, and 6.0% had a diagnosis of refractive error. In participants with at least one eye
with moderate VI (i.e. VA between 20/70 to 20/200) (N=32), 63.0% had a cataract
diagnosed, and 22.0% had a refractive error diagnosed.

To explore factors associated with cataract diagnosis, Table 4 presents the unadjusted and
adjusted prevalence odds ratio (POR) for cataract. The crude and adjusted logistic models
showed comparable results. Males had higher odds of cataract compared to females
[adjusted POR, 1.66, 95% confidence interval (CI) 1.05-2.59]. When adjusting for sex and
ART duration, each 5 years increased in age was associated with significantly higher odds of
having cataract (adjusted POR, 5.25, 95% CI 5.15-5.40); categorized adults > 50 years old
compared with 19-34 years old was significantly associated with higher odds of having
cataract (adjusted POR, 2.63, 95% CI 1.34-5.49). When adjusting for age and sex, each 5
years increase in ART duration was significantly associated with lower odds of cataract
diagnosis (adjusted POR, 0.52, 95% CI 0.30-0.88); categorized received ART therapy =5
years compared with non-ART therapy was significantly associated with lower odds of
diagnosis of cataract (adjusted POR, 0.36, 95% CI 0.15-0.75).
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Discussion

The study reported ocular manifestations among HIV positive patients in an ART era
(2009-2012) in Rakai, Uganda. We observed that refractive error, conjunctivitis, and cataract
were the main pathological diagnosis in this rural Ugandan population. Older age and male
sex were associated with diagnosis of cataracts, and longer ART duration was associated
with lower cataract prevalence.

In the current era of lifelong ART therapy, limited data are available on the epidemiology of
ocular diseases among HIV-positive patients in SSA. ART therapy has extended the life
expectancy of HIV infected patients and thus increasing risks of eye lesions related to aging
and metabolic disorders ( i.e., cataract, glaucoma, diabetic and hypertensive retinopathy).®
The US-based longitudinal Study of Ocular Complications of AIDS (SOCA) cohort reported
a higher risk of cataract and a ~4-fold increase in prevalence and ~1.8-fold increase in
incidence of intermediate stage AMD (age-related macular degeneration) in AIDS patients
compared to population-based HIV-negative controls®-20, There is also growing evidence
that ART is associated with an “accelerated aging” phenotype;2’ however, the ocular
comorbidities in ART treated HIV-positive people, especially age-related eye diseases and
visual function, have not been fully investigated in SSA. There is large difference in life
style and environmental factors between SSA and developed countries. The dominant
circulating HIV subtypes in SSA are also different from developed countries, and different
HIV subtypes, particularly subtype D has faster rates of progression and mortality.28:29
Therefore, the spectrum and prevalences of eye diseases in people living with HIV in SSA
can differ from developed countries.

The spectrum of eye disease in our study population changed significantly from findings in
the pre-ART era:*7-9 we observed a low prevalence of infectious eye diseases, i.e.,
toxoplasmosis retinitis, post CMV retinitis, and zoster ophthalmia, but a higher prevalence
of noninfectious cataracts and pterygium. Different pathological mechanisms have been
reported associated with susceptible eye diseases in the ART era. One study from rural
South Africa showed that increased lens density was associated with shorter telomere length
which is a biomarker of aging, conforming to the accelerated aging phenotype in HIV-
infected individuals.3% The microvascular changes of lacrimal glands, higher fibrinogen
levels, and degeneration of pericytes resulting from HIV immune activation and lymphocytic
infiltrations could lead to the development of pterygium.3! An Ethiopian study also found
pterygium and cataract formation were the main ocular diseases in HIV-infected participants
in the ART era.32

It was reassuring to observe in our data that older age was significantly associated with
higher odds of cataract diagnosis. 33 Nevertheless, in our study population, even in the
young and middle aged groups, cataract prevalence was higher than 10% (Table 4). This
conforms to the prior observation of accelerated formation of lens density associated with
HIV 30 and may suggest an ophthalmic reflection of the accelerated aging phenotype in
people living with HIV 27:34_In this study, we found individuals with long duration of ART
(i.e., = 5 years) had a lower prevalence of cataracts compared to non-ART users, contrary to
other studies.®30:32:35 One study by Accorinti et al., in Italy® reported that patients on ART
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had a significantly higher frequency of cataracts and glaucoma than ART-naive patients. A
chart review in an outpatient HIV clinic showed higher cataracts among HIV-infected
persons receiving ART than the general US population.3® However, interpretations of these
findings are difficult given that factors such as duration of HIV infection, set-point viral load
and viral load at ART initiation were not considered.

We found that HIV+ males had higher cataract prevalence than females when adjusting for
age and ART duration. Other studies reported female sex was a risk factor for cataracts in an
HIV uninfected population.33:37-39  Most of these studies were based on data from
developed countries. It is unknown whether the epidemiology of cataract is different in SSA
compared to developed countries, or, the association of sex and cataract in HI\/-positive
people is different from the association in uninfected populations. There was also the
possibility of differential self-selection to receive the ocular services in our data where HIV
positive men were more likely to participate the ocular services than HIV positive women.
Further population-based studies with both HIV-positives and HIV-negatives are essential to
understand the epidemiology of eye diseases in the modern ART era in SSA.

Cataract is the leading cause of blindness in the general populations in SSA.40:41
Conforming to this knowledge, our data showed that in HI\-infected patients, cataract was
common and was diagnosed in 73% of people with blindness. We also found that refractive
error was common. Both refractive error and cataract are treatable. Therefore, HIV care
programs integrating basic eye care, such as provision of corrective lenses and referral to
cataract assessment, may provide a venue to improve quality of life and daily functioning of
ART-treated HIV infection people.

This study has important limitations. First, the study was based on clinic data, and patients
participating in the ophthalmology service were self-selected, so it was likely people with
eye complaints were more likely to participate in the ocular exams, resulting in over
estimation of the prevalences of eye diseases among HIV-infected people who were under
HIV care. During 2009-2012, there were ~4,776 HIV-infected patients seen in RHSP’s HIV
care clinics. Lower bounds (LB) of the prevalence estimates were calculated by assuming all
HIV+ patients with VI presented themselves to the ophthalmology service camp. The LBs
for the crude prevalence of refractive error and cataract would be 7.7% and 2.1%,
respectively; and the LBs for moderate/severe VI and blindness would be 0.25% and 0.23%,
respectively. On the other hand, the ophthalmic service was provided in HIV clinics to HIV+
patients who were on care, and based on Rakai’s population based surveillance of 15-49
years old residents at that time, ~57% of HIV-infected people had not engaged in HIV care
(Table 1 footnote). It was possible that VI was higher among HIV+ people who were not
enrolled in HIV care and thus the prevalences of eye diseases in HIV+ patients engaged in
care can be under estimating of the prevalences in all HIV+ people in Rakai. Nonetheless,
these two sources of selection bias were likely to have minimal impact on the causes of VI
and blindness. A second limitation is that this study did not include HIV-negative people;
therefore, we could not compare the occurrence and severity of ocular diseases for HIV-
infected patients to those of HIV-uninfected people. Third, we did not study the association
between ocular diseases and specific ART drugs because of limited individual ART
regimens available. Fourth, other studies have explored the relationship between high CD4
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count and reduced risk of cataract diagnosis;3® however, our study could not systematically
retrieve data on CD4 counts due to limited resources. Fifth, as aforementioned, we did not
have information on the duration of HIV infection.

In summary, the prevalence of visual impairment was high among HIV-infected patients who
were under HIV care and presented themselves for eye evaluation in Rakai. The spectrum of
ocular diseases showed that opportunistic ocular diseases were rare in the ART era. Cataract
and refractive errors were the main causes of visual impairment, and in addition to cataract
burden in patients aged =50 years, cataract was also seen in young and middle aged HIV
infected patients. Incorporating ocular services such as visual acuity screening, provisions of
eye glasses and referrals to cataract evaluation in HIV clinics may provide a venue to
improve the general functioning of people living with HIV in Rakai and in similar resource
limited settings.
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Table 1.

Demographic and clinical characteristics of HIV-infected individuals in an ophthalmic service camp conducted
during 2009-2012 *in Rakai, Uganda (N = 688)

Variable Number (%)
Age (median, IQR, Range) 44,37 -50, 4 - 80
Ageby group
4-18 6 (0.87)
19-34 125 (18.17)
35-49 379 (55.09)
50+ 178 (25.87)
Gender*
Female 477 (69.30)
Male 211 (30.70)
History of ART
No 339 (49.30)
Yes 349 (50.70)
Duration of ART (years) (median, IQR, Range) 4,2-51-8
Duration in HIV care (years) (median, IQR, Range) 4,2-50-8

IQR: interquartile range, ART: antiretroviral therapy

*: The Rakai Health Sciences Program run population based surveys of residents aged 15-49 years in 45 Rakai communities?2. There were 15258

residents surveyed in the survey round conducted during 2009-2011. There were 1908 confirmed HIV-positive cases and 13272 HIV-negative cases
(HIV prevalence 12.6%). Among the 1908 HIV-positive cases, the median age was 34 (IQR 28-39, range 15-49) years, 1260 (66.0%) were female,

830 (43.5%) had engaged in HIV care, and 431 (22.6%) had initiated ART.
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Table 2.

Prevalence of ocular diagnosis for all participants of the ophthalmic service camp offered during 2009-2012 in
Rakai, Uganda

Diagnosis’ Frequency (N)  percent (%)"
Refractive error 366 54.80
Allergic Conjunctivitis 120 18.00
Cataract 101 15.10
Pterygium 71 10.70
Corneal (scar and/or ulcer) 12 1.80
Uveitis(Post uveitis) 7 1.00
Squamous cell carcinoma 6 0.90
Foreign body 4 0.60
Toxoplasmosisretinitis 3 0.45
Vitreous opacity 2 0.30
Ectropion 2 0.30
Chalazion 1 0.15
Divergent squints 1 0.15
Post CMYV retinitis 1 0.15
Post-oper ative complication 1 0.15
Zoster ophthalamia 1 0.15
Glaucoma 1 0.15
Trachoma 1 0.15

*

Diagnosis record was retrieved from 688 patients.
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Table 3.

Crude prevalence of visual impairment for the better/worse seeing-eyes and all eyes*and by age group
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Visual impairment Better-seeing eye, N (%)  All eyes, N (%)
Nor mal/Mild: better than 20/70 563/586 (96.00) 1077/1171 (92.00)
Among age 19-49 years 412/421 (97.86) 794/841 (94.44)
Among age =50 years 150/164 (91.46) 281/328 (85.67)
Moder ate: equal to or worse than 20/70 and equal to or better than 20/200 12/586 (2.10) 32/1171 (2.70)
Among age 19-49 years 4/421 (0.95) 15/841 (1.55)
Among age =50 years 8/164 (4.88) 19/328 (5.79)
Severe: worse than 20/200 and equal to or better than 20/400 0 0
Among age 19-49 years 0 0
Among age =50 years 0 0
Blind: worse than 20/400 to no light perception 11/586 (1.90) 62/1171 (5.30)
Among age 19-49 years 5/421 (1.19) 34/841 (4.04)
Among age =50 years 6/164 (3.66) 28/328 (8.54)

*
Visual acuity was available for 1171 eyes of 586 patients of whom 585 patients aged=>18 years
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Table 4.

Logistic regression of cataracts and demographic characteristics and ART duration among HIV+ participants
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N (%) Crude P-value Adjusted P-value
prevalence prevalence OR,
OR, 95% CI 95% CI*
Sex
Female  56/459 (12.2%) REF Ref Ref Ref
Male 45/203 (22.2%) 2.05(1.33,3.16)  <0.01 1.66 (1.05, 2.59) 0.03
Age (continuous) 1.06 (1.04,1.09) <0.01 1.05(1.03,1.08) <0.01
Age (categorical)
19-34  12/118 (10.2%) Ref Ref Ref Ref
35-49  44/369 (11.9%)  1.20 (0.63,2.45) 0.6 1.13(0.59,2.31) 0.72
250 45/175(25.7%) 3.06 (158,6.32)  <0.01 2.63 (1.34,5.49)  <0.01
ART duration (continuous) * 0.56 (0.33,0.94) 0.03  0.52(0.30,0.88) 0.02
ART duration (categorical)
Non-ART  54/327(16.5%) Ref Ref Ref Ref
1-2years  19/106 (17.9%) 1.10 (0.61, 1.94) 0.73  1.19(0.64,2.13) 0.57
3-4years 20/118 (16.9%) 1.03 (0.58, 1.79) 0.91  0.97(0.53,1.71) 0.91
> 5 years 8/111 (7.2%)  0.39 (0.17, 0.81) 0.02  0.36(0.15,0.75) 0.01

ART, antiretroviral therapy; HIV, human immunodeficiency virus; HLT, Holsmer-Lemeshow test; OR, odds ratio; Cl, confidence interval

*
adjusted age and sex

Hok

report OR associated with every 5 years of more ART use
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