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Background: The prevalence of HIV and AIDS is causing an enormous public health burden.
Its manifestations spare no organ. Ocular complications are mainly attributed to various
opportunistic infections which are directly or indirectly caused by immune deficiency.

Purpose and aim: The purpose of this study was to determine the effect of HIV and AIDS on
subjective amplitude of accommodation of patients under treatment with antiretrovirals and
then to compare their results to those of control subjects.

Methods: The study took place over a period of 10 months. A quantitative study was carried
out on 58 subjects (29 + 5.5 years) with HIV and AIDS and 35 (28.67 + 4.6 years) controls of
similar age. Amplitude of accommodation was measured using the subjective Royal Air Force
push-up method. The influence of CD4+ cell count was also recorded.

Results: People with HIV and AIDS had lower mean amplitude of accommodation (5.69 + 0.88 D)
compared to controls (8.53 = 1.2 D). The decrease in amplitude of accommodation did not show
any correlation with the CD4+ cell count. Lower amplitude of accommodation exists in people
living with HIV and AIDS when compared with age-related healthy people.

Conclusion: The results suggest that patients with HIV and AIDS on antiretroviral drugs
(ARVs) have reduced amplitude of accommodation and might experience presbyopia
earlier in life than participants without HIV and AIDS. The reduced amplitude of
accommodation could be the initial presentation of HIV infection before the systemic
manifestation. The possible causes could be the direct neuronal infection by HIV-1, ARVs
use, pathological changes of the lens and ciliary muscle or the sensory component of the
visual system. It is unknown whether the reduced amplitude of accommodation occurred
prior to antiretroviral therapy or represents an ongoing injury to the eye and visual system
by the HIV.

Introduction

Since the first report of Pneumocystis carinii pneumonia some 36 years ago or so, the Human
Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV and AIDS) has been
identified, and has emerged as one of the most challenging infectious diseases of our time.! HIV
and AIDS has reached virtually every corner of the globe, making a profound impact on every
aspect of modern society.**** In South Africa, HIV was first reported in 1985 and soon cases
increased exponentially. Irrespective of the area of specialisation, HIV and AIDS is a concern to all
doctors and health care workers.

HIV and AIDS is a multisystem disease® that can affect various systems and organs of the
body, including the eye (its manifestations spare no organ). The ocular manifestations of
HIV and AIDS were first reported in 1982 by Holland et al.® Several reports have shown that
70% — 80% of HIV and AIDS patients will suffer optical and non-optical ocular manifestations
at any point in time during the course of the disease.”®?!%!! The optics and biometry of the eye
are also affected in people with HIV and AIDS and blurriness of vision could be the first sign
of its presence.®

Accommodation is an important feature of the visual system that allows the eye to focus objects
placed at different distances.’*™®'*15 Accommodation is mediated by the parasympathetic
innervation of the ciliary muscle of the eye from the Edinger-Westphal nucleus of the midbrain.
The crystalline lens changes its shape in a controlled manner owing to forces applied by the ciliary
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muscle. This crystalline lens is the main determinant of
accommodation, and with increasing age it becomes thicker
and more curved owing to its continual growth throughout
life®* while the «ciliary muscle is the effector of
accommodation. The maximum amount of accommodation
that can be exerted is called amplitude of accommodation, which
decreases with age, leading to presbyopia.”® Changes in the
crystalline lens and ciliary muscle are central to the
development of presbyopia.”

Presbyopic patients present clinically with difficulty in near-
vision tasks. Around 55 years, little or no amplitude of
accommodation remains.”® A conference abstract by Wu
et al.'® and clinical observations by Westcott et al.”” have
reported reduced amplitude of accommodation in a small
sample of 10 HIV and AIDS patients. From an optical
perspective, this leads to the hypothesis that eyes of people
with HIV and AIDS act as older eyes in terms of
accommodation than those of people of the same age without
HIV and AIDS. Hence, the purpose of this study was to test
the hypothesis to better understand the loss of amplitude of
accommodation accompanying HIV and AIDS. To date we
are not aware of a study conducted to provide a quantitative
estimate of the reduced amplitude of accommodation across
different ages in HIV and AIDS patients. To gain further
insight into the reduced amplitude of accommodation, we
conducted this case-control study on subjective amplitude
of accommodation of HIV and AIDS patients taking
antiretroviral treatment (ART) and controls. A review of
relevant literature suggests that the association of HIV
and AIDS with reduced amplitude of accommodation has
received little attention.

Methods

Outpatient HIV and AIDS patients were invited to participate
in this study. All patients and controls gave informed consent
prior to agreeing to participate in the study. Measurements
were performed on consecutive HIV and AIDS patients
receiving ART who volunteered to participate. Age, sex,
recent CD4+cell count, visual acuity and amplitude of
accommodation were recorded. A brief ocular history was
also obtained followed by examination of anterior and
posterior segments. Subjects were excluded from the study if
they demonstrated any type of retinopathy, uveitis, history of
ocular surgery and trauma, diabetes, cataract, amblyopia and
abnormal anterior segments, and were not currently taking
any medication known or suspected to interfere with
accommodation. Inclusion criteria were HIV and AIDS
patients taking ART, best corrected distance visual acuity of
at least 6/6 or better and normal anterior segments and
normal pupil sizes. All control subjects were in good physical
and ocular health with best corrected distance visual acuity
of at least 6/6 or better.

Procedure

Before the subjective amplitude of accommodation was
measured, distance and near visual acuities and subjective
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refractions were determined and recorded. The subjective
amplitudes of accommodation were measured using the
Royal Air Force (RAF) ruler under monocular condition. The
RAF ruler is well established in clinical practice and
research.’*!® It is one of the most common and simplest
clinical methods to measure amplitude of accommodation
and other ocular functions.

The participant’s distance refractive correction was placed
in the trial frame and the normal room illumination was
used. The target, a N5 line of letters, was initially placed at
a distance of approximately 40 cm and moved slowly
towards the participant along the ruler. The participants
were instructed to keep the letters on the N5 line as clear as
possible and to report when they first became blurred and
difficult to read. The endpoint was the first slight sustained
blur, which was considered to be the point when the target
could not be cleared after 2 or 3 s of viewing.'?*® That point
was recorded as the amplitude of accommodation in
dioptres (D). This was repeated three times and the average
of the three measurements was taken. The test was
performed monocularly with the fellow eye being occluded.
Even though subjective amplitudes of accommodation
were measured for both eyes, only the measurements of the
right eyes of both HIV and AIDS and controls were used
herein for analysis.

Statistical analysis

After data collection, the data were analysed using the IBM
Statistical Package for Social Science (SPSS) version 23.
Medians, means and standard deviations were determined.
Normality of data was tested using the Kolmogorov—-Smirnov
test. Thedifferencesinsubjectiveamplitude ofaccommodation
between the groups were tested using the t-test. The statistical
significance was set at p < 0.05 for all tests.

Ethical considerations

The study was approved by both the University of Limpopo,
Turflop Research Ethics Committee (TREC), and University
of Pretoria, Faculty of Health Sciences Research Ethics
Committee, and complied with the tenets of the Helsinki
Declaration. It took place over a period of 10 months at the
ART clinic of Mankweng Hospital, Limpopo Province,
South Africa.

Results

Subjective amplitude of accommodation for the right eyes of
58 HIV and AIDS patients on antiretroviral drugs (ARVs) and
35 matched-age controls were analysed. In the HIV and AIDS
group, there were 40 females and 18 males with mean age of
29.93 + 5.4 years. The mean age of the control group was 28.71
+ 4.6 years. The age range for all the groups was 20-39 years.
The descriptive statistics for the measurements are reported
in Table 1. The average amplitude of accommodation for the
HIV and AIDS group was 5.69 D while that for the control
was 8.53 D. The HIV and AIDS group showed an average
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of 2.84 D below the control group, with a range of 2.52-3.16 D.
The independent-sample t-test was performed and showed
that there was a significant statistical difference between the
amplitude of accommodation measured in HIV and AIDS
patients and the controls, p < 0.000.

Figure 1 shows computer-generated box plots (or box-and-
whisker plots) of the spread or dispersion of the subjective
amplitudes of accommodation. The bold horizontal line in
the middle of the plots represents the median (50th percentile)
of each distribution. The edges of the box above and below
the median are the quartiles (25th percentile below and 75th
percentile above). The box itself represents the middlemost
50th of the distribution. The box has “whiskers’ (hence, box-
and-whisker), that is, the vertical lines one below the first
quartile and one above the 3rd quartile, which represent the
distribution of a full set of measurements. The whiskers
indicate the smallest and largest measurements in each

TABLE 1: Descriptive statistics of subjective amplitudes of accommodation in
dioptres.
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distribution. The box plots showed that the distributions of
the subjective amplitudes of accommodation were roughly
symmetrical and satisfied the requirements of normality and
homogeneity. It can be seen from the plot and Table 1 that the
amplitude of accommodation in patients with HIV and AIDS
was reduced compared with the controls.

Pearson product-moment correlation coefficients () were
determined to investigate whether there was a relationship
between variables of concern (see Table 2). The r quantifies
the strength of the relationship between two variables. The
coefficient takes values between -1 and 1. The negative or
minus sign denotes an inverse while a positive quantity
denotes a direct relationship. A value of r closer to either 1 or
-1 indicates a strong linear relationship while a value closer
to 0 indicates a random scatter of the values.

If two variables are highly correlated, it is feasible to
graphically depict the relationship on a scatter plot or scatter
diagram to predict the value of one (the dependent variable)
from the value of the other (independent variable) using the
regression model. The value of one variable (x) is used to
predict the value of the other variable (y). The straight line on
the scatter plot is the regression line. The results obtained
with the push-up method in both groups were plotted against
age (see Figures 2 and 3). Figure 2 showed a near zero

TABLE 2: Correlation coefficients for the variables in the measurement of
subjective amplitudes of accommodation in HIV and AIDS and controls.

Variable HIV and AIDS patients  Control group
Number of subjects 58 35

Sex: female/male 40/18 20/15

Age

Mean = SD 29 +5.5 years 28.67 + 4.6 years
Range 20-39 years 20-38 years
Overall mean amplitude of 5.69+0.88D 853+1.2D
accommodation

95% confidence interval of the Upper: 5.92 Upper: 8.94
liiiaaie: Lower: 5.46 Lower: 8.11

Mean amplitude of

accommodation according to sex

Mean CD4+ cell count

Females: 5.83 £ 0.81 D
Males: 5.38 £ 0.98 D
432.78 + 141.9 cells/pL

Females: 8.33 +1.17 D
Males: 9.03 £1.23D

Range 220-680 cells/pL -
Unaided visual acuity 6/18-6/6 6/9-6/3
Corrected visual acuity 6/6 or better 6/6 or better
SD, standard deviation; D, dioptre.
11
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FIGURE 1: Box plots for the subjective amplitudes of accommodation in HIV and
AIDS patients and the control group. Each box plot represents the distribution of
the measurements concerned.
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Paired data Correlation coefficient (r)  Significance (p)
Amplitude of accommodation in -0.141 0.321
HIV and age of HIV subjects
Amplitude of accommodation in 0.046 0.731
HIV and CD4+ cell count
Amplitude of accommodation in 0.234 0.177
control and sex of controls
Amplitude of accommodation in -0.784 0.000
control and age of controls
Amplitude of accommodation in 0.077 0.660
HIV and amplitude of
accommodation in controls
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FIGURE 2: Correlation between the amplitude of accommodation in HIV patients
and their ages.
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correlation (= 0.78).

FIGURE 3: Correlation between the subjective amplitude of accommodation
and age of the control subjects.

correlation, that is, a random scatter of the measurements
while Figure 3 showed a statistically significant decrease of
subjective amplitude of accommodation with age in the
control group.

Discussion

HIV and AIDS is a global pandemic, with cases reported
from every country. The cause of HIV and AIDS is believed to
be HIV-1 which belongs to the family of human retroviruses
and the subfamily of lentiviruses.**

This study has found a significantly reduced amplitude of
accommodation in patients with HIV and AIDS when
compared with age-related limits for normal controls. The
premature reduction or loss of amplitude of accommodation
is called accommodative insufficiency, which may manifest by
development of asthenopia leading to blurring of near visual
objects. The results support a previous study by Westcott
etal.’” who observed in their clinical practice that a significant
proportion of their HIV-positive patients complained of
accommodative difficulties at ages below that of onset of
presbyopia. An English abstract in a German article by
Thierfelder et al?' also reported reduced amplitude of
accommodation in two-thirds of their HIV patients. Our
study did not find any relationship between the
reduced amplitude of accommodation and the CD4+ cell
count (r = 0.046). Also, Wu et al.’® did not find a statistically
significant correlation between CD4+ cell count and the
degree of amplitude of accommodation reduction. However,
we did not investigate any relationship between the reduced
amplitude of accommodation and the ART combinations and
the stage of the HIV infection.

The amplitude of accommodation as a function of age in HIV
and AIDS and control subjects are shown in Figures 2 and 3,
respectively. There was the expected correlation of age and
amplitude in the control group but not in the HIV and AIDS
patients. It seems there are considerable differences in the
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biometry and optics of crystalline lenses between people
with and without HIV and AIDS (see Figures 2 and 3). Both
the crystalline lens and the ciliary muscle may have reduced
accommodation functionality in HIV and AIDS subjects.

The underlying mechanism is not clear but this article would
attempt to provide the possible hypothesis of the reduced
amplitude of accommodation in HIV and AIDS patients. The
blood—ocular barrier is composed of the blood-aqueous
barrier and the blood-retinal barrier, which provide protection
against microbial invasion and maintain the homeostatic
control that underpin the ocular physiology.?***% The blood-
aqueous barrier, formed by the non-pigmented epithelium of
the ciliary body and epithelium and endothelium of iris, also
contributes to the nutrition and function of the crystalline
lens. The blood-retinal barrier, which is similar to the blood—
brain barrier, consists of the inner and outer blood retinal
barriers. These two functional barriers play a key role in
restricting the movement of blood elements to the intraocular
chambers and the control of solute and fluid permeability
between the circulating blood and neurons.

Reduced amplitude of accommodation in HIV and AIDS
patients may either be because of direct neuronal infection by
HIV-1, pathological changes to ciliary muscle or the lens or
strength in the sensory component of the visual system.
During accommodation, there is an increase in the curvatures
of the lens resulting from contraction of the ciliary muscle
innervated by the motor nerve. The HIV-1 seems to break the
blood-ocular barrier and causes direct or indirect changes to
ciliary  muscle circulation and  parasympathetic
neuropathy.?#?%% The infected cells secrete Tat which
circulates in the blood and enters the ciliary body where it
activates several protein kinases. The HIV-1 Tat protein then
causes the permeability of the ciliary body and ciliary muscle
and activates the inflammatory cells which initiate the
cellular release of free radicals, cytokines and growth factors.
The HIV-1 gene or protein alters the capacity of the ciliary
muscle and leads to deterioration of blood circulation and
decreases the activity of the ciliary muscle, resulting in
inability of the lens to increase its power. The reduced
amplitude of accommodation is because of a loss in ciliary
muscle strength, and the weakness that patients with HIV
and AIDS suffer could be the source of ciliary muscle
weakness, and hence reduced amplitude of accommodation.

In general, the extracellular matrix, called the matrix
metalloproteinases (MMPs), is believed to contribute to the
alterations of the tight junction protein, which lead to blood-
brain barrier, blood-aqueous barrier and blood-retinal
barrier dysfunctions.”? So, HIV could cause the alteration of
these structures. Other possible contributors to reduced
amplitude of accommodation may be ciliary muscle tone,
deficits in neural input to the ciliary muscle and adverse
changes to zonules or the ions pump.?

The introduction of highly active antiretroviral therapy
(HAART) has reduced the risk of morbidity and mortality,
opportunistic infections and has improved the quality of life
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of HIV and AIDS patients. On the contrary, the widespread
use of HAART might increase the prevalence of HIV and
AIDS because the survival rate improvement may increase to
a greater extent than the decline in transmission. The survival
rates are likely to increase the prevalence of infectious and
non-infectious ocular complications in HIV and AIDS
patients, possibly owing to immune reconstitution.®
However, the ARVs do not penetrate the eye and visual
system owing to ocular barriers while HIV can make way
through these barriers. Treating all HIV-infected persons
early enough in the course to prevent progression of
immunosuppression, more needs to be done to assure
protection of the eye and visual system from HIV injury.

There are reports that found higher detectable HIV viral load
in tears and intraocular fluid of patients who are under long-
term HAART but have an undetectable plasma viral
load.?'#2%3343 This is because the HIV can make way through
the ocular barriers but some ARVs show poor permeability in
ocular barriers and are largely excluded. We do not know
whether or not the reduced amplitude of accommodation
occurred prior to antiretroviral therapy or just represents an
ongoing injury to the eye and visual system by the HIV.
Ophthalmic clinicians need to be cautious about contact
instrumentations during clinical procedures as they can be
possible modes of HIV spread. Tears, intraocular fluid and
ocular tissues can be reservoirs for HIV.

Limitations of the study

The subjective push-up method suffers from overestimation
of the true amplitude of accommodation owing to the effects
of depth of field, accommodative pupil constriction and
relative angular magnification as the target distance
decreases. Although cycloplegia was not used in this study; it
is possible that some younger subjects exerted some
accommodation during testing which could affect results of
amplitude of accommodation. (The push-up method is
subjective; hence, in future studies, objective methods are
suggested to measure the objective amplitude of
accommodation.) The stages of HIV infection and the dosages
of the ART were not recorded. It is possible that the stages of
the diseases could affect the measurements likewise the ART.
Lack of baseline information on the ophthalmic assessment
upon initial diagnosis of HIV infection could be a further
limitation of this study.

Conclusion

This study has showed reduced subjective amplitude of
accommodation in patients with HIV and AIDS when
compared with age-related controls; however, it remains
unknown if the difference can be attributed to the disease
process or its treatment. This suggests that HIV and AIDS
patients may experience presbyopia earlier in life owing to
changes in their ciliary muscles and/or the strength in the
sensory component of the visual system than people without
HIV and AIDS. Reduced amplitude of accommodation may
be the primary or initial manifestation of the diseases, and
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defective accommodative system may develop in HIV and
AIDS patients. The effects of ARVs in the reduced amplitude
of accommodation need further investigation as the drugs
cannot enter the visual system. Early diagnosis and
rehabilitation of such patients with proper corrective lenses
may improve their quality of life.

Further studies are needed to investigate possible causes of
this reduced amplitude of accommodation in HIV and AIDS
patients. This reduced amplitude of accommodation in HIV
and AIDS patients may be under-recognised or neglected in
these patients, and if not treated may affect their quality of
life.
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