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Aim: To compare differences in clinical dry eye features and meibomian gland health status
between dry eye patients from rural and urban populations in Ghana.

Methods: We examined 211 (rural=109, urban=102) participants with subjective dry eye
symptoms. Tear film break -up time (TBUT), Schirmer’s test and ocular surface staining (OSS)
were assessed. Symptoms were evaluated using the SPEED II questionnaire. Meibomian glands
(MG) in the right eye upper (UL) and lower lids (LL) were imaged using a custom meibographer.
MG area was determined by intensity threshold segmentation using Image J software. MG loss
(MGL) was also graded based on Pult’s grading scheme. Mann—Whitney, Spearman correlation,
chi-square and odds analyses were performed; p<0.05 was considered significant.

Results: Rural participants showed greater SPEED scores, reduced TBUT, and lower
Schirmer scores, p <0.05. The proportion of rural participants with MGL were significantly
more (82.3%) than urban participants (63.3%), p <0.05. They also showed greater MGL than
urban participants, p <0.05. Chi-square test revealed significantly different meiboscale
distributions (UL: x°=13.58, LL: °=15.29) between the groups, p <0.05. Overall significant
relationships were observed between MGL and age [rs= 0.61], OSS [rs= 0.35], TBUT [rs=
—0.52], and Schirmer scores [re= —0.40], p <0.05.

Conclusion: The data suggest that the participants from the rural population have worse dry
eye and meibomian gland health status than those from the urban population. The significant
relationships between the various clinical variables suggest important links between MGD
and DED. Subtle differences in the everyday working and living environment could likely
account for the differences in the severity of DED and MGD between the two groups. And
considering the increased pattern of urbanization, industrialization and modernization and the
related environmental effects in Africa, future longitudinal studies on specific environmental
risk factors or mediators of DED and MGD are necessary to ascertain the MGD and DED
situation in Ghana and Africa at large.

Keywords: dry eye, meibomian gland dysfunction, ocular surface, dysfunctional tear

syndrome

Introduction
Dry eye disease (DED) synonymous with dysfunctional tear syndrome is a multi-
factorial disease of the ocular surface accompanied by a variety of clinical signs and
discomfort-related symptoms.! These can include redness, pain, itchiness, gritti-
ness, burning sensation and general irritations in the eye. DED can be a source of
significant morbidity, affecting normal physical and mental functioning.'~

As a multifactorial condition, DED is driven by multiple etiological players
including tear film hyperosmolarity, ocular surface inflammation and damage,
neurosensory abnormalities and meibomian gland dysfunction (MGD).'* MGD
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affects the quantity and quality of tear film lipids resulting
in instability and faster evaporation of the tear film at the
ocular surface.® This leads to the evaporative form of
DED. Evaporative DED accounts for about 70% of all
DED cases while aqueous-deficient DED or overlapping
forms account for the remainder." ™ Other contributors to
DED include ageing, desiccating environmental conditions
and autoimmune disorders like Sjogren’s syndrome and
ocular graft-versus-host disease.'*>

Reported prevalence of DED ranges from 5% to 50%.
This depends on the populations studied and majority of
existing reports are from epidemiological data of DED
studies conducted in Europe, North America and Asia.*®
Thus, very little information is known about the incidence
of DED in Africa. Earlier studies in Africa linked DED to
malnutrition (vitamin A deficiency) and trachoma.”®
However, many African countries have over the past two
decades seen tremendous improvement in their socio-eco-
nomic statuses®” There is some improvement in health
care by the elimination of trachoma and vitamin A defi-
ciency through the World Health Organization’s SAFE [S=
surgery, A= antibiotics, F= facial cleanliness, E= environ-
mental improvement] strategy and nutritional supplemen-
tation programs.'® In addition to these socioeconomic
developments, there are remarkable events of industriali-
zation, urbanization and modernization; many countries in
Africa have transitioned into emerging economies.®

In our earlier review on the epidemiology of DED in
Africa, we highlighted how industrialization, urbanization
and modernization could alter the normal environment and
contribute to human disease including MGD and DED.°
Furthermore, we previously reported a high (84%) preva-
lence of meibomian gland loss (MGL) together with clin-
ical dry eye features in a cross-section of dry eye patients
in an urban and industrialized population in Ghana.''

As a follow-up, we present herein, our recent findings
from a comparative study examining the differences in
clinical DED features and meibomian gland health status
between dry eye patient groups from an industrialized
urban population and non-industrialized rural population
in Ghana, where there are obvious differences in the
everyday working and living environments.

Methods

Ethical Considerations
We adhered to the Declaration of Helsinki. We obtained
informed consent from all study participants. Ethical

approval was granted by the Committee on Human
Research, Publication and Ethics at the School of
Medical
Science and Technology/Komfo

Hospital, Ghana (CHRPE/AP/448/16).

Sciences, Kwame Nkrumah University of

Anokye Teaching

Study Sites

This was a two-center study. We chose the Outpatient Eye
Clinic/Vision Center of the Optometry Department at the
Kwame Nkrumah University of Science and Technology
in Kumasi as our urban site and the Westphalian Eye
Hospital in Oyoko as our rural site. The two locations
are both in the Ashanti region of Ghana which lies in the
tropical savannah zone of Africa and have no differences
in climate (Figure 1).'>"

Kumasi is an urban and heavily industrialized city and
the capital of the Ashanti region. It is the second largest
and second most populous city in Ghana with an estimated
population of 3.3 million people and a density of about
14,000 people/square kilometers. Oyoko is a relatively
small agrarian community located 35km southeast of
Kumasi with a native population of about 5000 and an
unstated density that is far below the regional and national

estimates.'>!?

Study Design and Sample

The study was cross-sectional and clinic based. The mini-
mum sample size estimation was based on our previous
study'' as follows:

(Zlfa/2)2p(1 —P)
7

where n is the sample size, Z;_,,» =1.96 is the standard
normal variate (at 5% type 1 error (p<0.05); P=84% =0.84
is expected proportion of persons with MGD and clinical
dry eye features based on our previous published study''
and d = 5% = 0.05 is our decided absolute error or preci-
sion. So, from the above, the estimated minimum sample
size
(1.96)*x0.84(1 — 0.84) ~ 206
0.05%

Therefore, we studied a total of 211 (109 urban and 102
rural) participants over a 10-month period. These partici-

pants presented with subjective dry eye complaints at the
two eye clinics in the respective locations. Participants
were included if they had no history of ocular surgery
including eyelid correction and no use of drugs like
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Figure | (A) Map of Ashanti region showing the study sites (Inset: A regional map of Ghana) and (B) map of Africa showing the extent of the tropical climate zone.

isotretinoin nor benzalkonium chloride-containing formu-
lations that could affect the meibomian gland health or
induce DED.'”

Clinical Dry Eye Assessment

We evaluated DED symptoms using the SPEED II ques-
tionnaire. This is a four-question and a Likert-scale type
survey used to assess the frequency and severity of dry
eye symptoms, monitoring diurnal and longer symptom
changes over the course of 3 months."* This was fol-
lowed by a thorough slit lamp examination. Tear film
break-up time (TBUT) was measured after application
of 2% topical fluorescein to the ocular surface. Ocular
surface staining (OSS) was evaluated under cobalt blue
light and Wratten #12 filter (Kodak, NJ, USA) and
graded using the Oxford Grading Scheme as described
by Bron et al.'® Tear production was assessed by
Schirmer I test.'!

History of Eyelid Conditions and

Meibomian Gland Evaluation

We assessed for and obtained information on the partici-
pant’s previous history of trachoma, blepharitis (anterior
and/or posterior subtypes) and stye. Meibomian glands in
(right) upper and lower eyelids were captured using a
custom infrared meibographer as we previously
described.!' Meibographs were evaluated by intensity
threshold segmentation and area calculation with Image J
software."!

Meibomian gland loss (MGL) was determined by out-
lining the meibomian gland area and expressing the areas as a
percentage of the total area. In addition to this, MGL grades
were also determined by a masked examiner using the Pult’s
grading scheme.'"'® A grade 0 of MGL suggests approxi-
mately 0% glandular loss. Grades 1, 2, 3 and 4 represent
<25%, 26-50%, 51-75% and >75% of glandular losses,

respectively.'® Representative images are shown in Figure 2.

Figure 2 Meibographs of upper eyelids showing (A) Grade 0, (B) Grade I, (C) Grade 2 and (D) Grade 4 of MGL.
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Statistical Analyses

Data were analyzed using SPSS Statistics version 23.
Shapiro—Wilk’s test for normality was performed on the
data. Differences between groups were evaluated by
Mann—Whitney U-test; similarities of distributions between
groups were inspected graphically and results reported using
an exact sampling distribution for U. Values are expressed as
median  [minimum-maximum]. We also performed
Spearman correlation, Pearson’s chi-square and odds ratio
tests to determine the relationship between the various vari-

ables and p<0.05 was considered significant.

Results

Participants’ Demographics

Table 1 shows the distribution of participants by gender and
study site. Rural participants were significantly older (48.0
[23.0-72.0] years) than urban participants (43.0 [21.0-75.0]
years), U =4164.5 z =—3.148, p<0.01. Overall female parti-
cipants were more (64%) than male participants (36%).
Occupational profiles of participants were different between
the two study sites. Majority (52%) of the urban participants
worked as civil servants, ie, educationists, medics, bankers
and clerks whereas a greater proportion (44%) of the rural
participants were farmers (Table 2).

Clinical Dry Eye Parameters

Overall, rural participants exhibited more dry eye symptoms
with significantly higher total SPEED scores (7.0 [0-15.0])
than urban participants (5.0 [0-15.0]), U= 4254.0 z= —2.955,
p<0.01 (Figure 3A). Tear production as demonstrated by

Table | Distribution of Study Participants by Gender and Study Site

Study Site Gender of Participants Total
Male Female

Urban 41 68 109

Rural 36 66 102

Total 77 134 211

Schirmer readings was significantly lower for rural partici-
pants (15.0 [1.0-28.0] mm) compared to urban participants
(20.0 [3.0-25.0] mm), U= 4969.0 z= —3.131, p<0.01
(Figure 3B).

Furthermore, rural participants showed a significantly
greater tear film instability indicated by lower TBUT scores
(10.0 [2.0-23.0]s) compared to urban participants (12.0[2.0—
24.0]s), U= 4446.5 z= —2.515, p<0.05 (Figure 3C). On one
hand, there was no statistically significant difference in
fluorescein staining scores between rural and urban partici-
pants. The OSS score was low (1.0 [0-2.0]) for both rural
and urban participants, U=4969.0, z= - 1.414, p > 0.05.

Eyelid Conditions and Meibomian Gland

Evaluation
Slit-lamp examination did not reveal any cases of lid folli-
culations and scarification worth documenting among the
study participants. Only one rural participant had a history
of resolved unilateral (left eye) trachoma. The combined
cases of (anterior and or/posterior) blepharitis were higher
among rural participants (27.4%) than urban participants
(4.6%). The cases of stye were also higher among rural
participants (46.1%) than urban participants (24.8%).
Overall, 72.5% of the 211 participants showed some
degree of meibomian gland loss (MGL) of > gradel in
upper or lower lids. MGL cases were significantly higher
(82.3%) for rural participants than for urban participants
(63.3%), p<0.01. Further, rural participants showed statisti-
cally significant greater MGL than urban participants; upper
lid (25.0% [0-85.0%]) vs (10.0% [0-75.5%]), [U=4237, z=
—3.00, p<0.01] and lower lid (25.0% [0-80.0%8] vs (5.0%
[0-60%], [U=3533, z=—4.64, p <0.001] (Figure 4A and B).
The odds of having MGL and a history of blepharitis was
higher for rural participants than urban participants. Rural
participants with a history of blepharitis had 78% higher
odds (OR=1.78 [95% CI, 0.47-6.77]) of having MGL than
those without a history of blepharitis, p>0.05. On one hand,
urban participants with a history of blepharitis had 93%
lower odds (OR= 0.07 [95% CI, 0.01-0.12]) of having

Table 2 Distribution of Study Participants by Occupation and Study Site

Study Site Occupation of Participants Total
Artisan Civil Servant Farmer Student Trader Unemployed

Urban 3 57 | 24 18 6 109

Rural 10 6 45 14 20 7 102

Total 13 63 46 38 38 13 211
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MGL, p<0.05. Similarly, the odds of having MGL and a
history of stye was higher for rural participants than urban
participants. Rural participants with a history of stye had
12% higher odds (OR=1.12 [95% CI, 0.38-3.27]) of having
MGL, p>0.05 whereas urban participants with a history of
stye had 18% lower odds (OR=0.82 [95% CI, 0.33-2.10]) of
having MGL, p>0.05.

Rural participants scored higher on Pult’s meibos-
cale (grades 2—4) than urban participants (grades 0 and

1). Chi-square test of association revealed statistically

significant differences in meiboscale distributions
between rural and urban participants. For the upper
eyelids; x°(4, N=211)=13.58, p<0.01 and for the
lower eyelids; y°(4, N=211)=15.29, p<0.01 (Figure
4C and D). The associations were statistically signifi-
cant, positive and moderately strong for upper eyelid:
oc =0.254, p<0.01 and lower lid , =0.270, p<0.01,

respectively.
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Relationship Between Meibomian Gland

Loss and Clinical Dry Eye Parameters
Overall, we observed statistically significant correlation
between age and MGL [r&=0.61, p<0.01] and between
MGL and OSS [r=0.35, p<0.01] (Figure 5A and B). MGL
was also significantly correlated with TBUT [rs= —0.52,
p<0.01], and Schirmer scores [re= —0.40, p <0.01]. These
significant relationships did not change when age was con-
trolled for. On the other hand, MGL and SPEED scores were
not significantly correlated (Figure SC-E).

Discussion

The results suggest there are significant differences in the
clinical dry eye profile and meibomian gland health status
between rural and urban study participants. Specifically,
rural participants showed greater DED symptoms and
signs (i.e., decreased tear film production and stability)
than urban participants. Additionally, compared to urban
participants, rural participants showed a greater proportion
and increased severity (grades) of MGL. MGL is a major
feature of MGD, which is a well-known cause of evapora-
tive DED. MGD can significantly affect the severity of
DED. ' Thus, it suffices to say that degree of MGL among
all the participants, with more among the rural participants

may be a major contributor to differences in DED profiles
observed between the rural and urban participants.
Interestingly, we also found for the second time that the
proportion of MGD patients in the Ghanaian population is
higher than that reported in other major studies conducted
outside of the Africa.'’ Overall, we report 72.5%% (rural
=82.3% and urban= 63.3%) of the study participants had
MGD, which is higher than reported in the Japanese Studies
(61.8%), Beijing Eye Study (69.3%), the Salisbury Eye
Study  (3.5%) Visual
Impairment Study (19.9%).'”' However, these participants
were all symptomatic for DED — necessitating a larger

Evaluation and Melbourne

epidemiological study which will include asymptomatic
group of subjects. This will provide the closest insight into
the prevalence of MGD in the Ghanaian population. It is also
important to mention that the variations in reported preva-
lence values across these studies may partly be due to
differences in diagnostic criteria for MGD and/or study
designs.?! Since our study participants were all symptomatic
for DED; presenting with one or more DED symptoms, and
MGD was present among the majority it suggests MGD
could be a primary contributor to their DED status.'~*!!
The link between MGD and DED has been well
described. MGD involves chronic diffuse abnormality of
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the meibomian gland.'” It often includes qualitative and
quantitative alterations in meibomian gland secretion (mei-
bum) and structural changes (atrophy or loss) of the
glands.'” It is also commonly characterised by terminal
duct obstruction with resultant alteration of the tear film,
symptoms of eye irritation, clinically apparent inflamma-
tion, and ocular surface disease.!> Meibum is critical for
tear film stability, lubrication and thought to prevent infec-
tion at the ocular thereby preventing DED and ocular
surface damage.**?

Consequently, changes in the meibomian gland thus
meibum can result in symptoms of dry eye as reported
by our study participants.**? In fact, we recorded over-
all significant correlations between MGL and various
indicators of DED such as decreased tear break-up
time and tear production,
(SPEED)

reported in other studies.>'"*® We also observed a sig-

and increased symptom
scores. Similar observations have been
nificant correlation between MGL and age. Age is a risk
factor for both MGD and DED, but it is important to
mention that even after controlling for the effect of age,
the significant relationships between MGL and the
aforementioned DED indicators remained the same.’*'
This suggests that for this group of participants, the
contribution of MGD to and its relationship with the
observed DED states were independent of age. MGL
however did not correlate with SPEED scores and it
has been reported by other studies that DED signs and
symptoms do always correlate with each other.”*

The pathomechanism of MGD is complex and not fully
understood. Different studies have mentioned the role of
prolonged contact lenses, ageing, autoimmune disorders
and the influence of environment.>*!*> In particular, low
humidity, high temperatures and desiccating conditions are
believed to influence MGD and DED. Ghana being semi-
arid and in the tropical-savannah zone of Africa has these
typical climatic conditions prevailing over a greater part of
the year (Figure 1).2° However, it is important to mention
that while all participants (rural and urban) come from the
same region and experience the same climatic conditions
rural participants did show an increased presence and
severity of MGD and DED.

We believe the subtle differences in their everyday
environment could explain the differences in the distribu-
tion of MGD and the severity of DED between the groups.
For example, we observed a difference in occupational
profiles of these participants with majority of the urban
participants working in the formal sector, whereas

majority of the rural subjects worked as farmers. Thus,
the two groups of study participants are exposed to rela-
tively different daily working and living environmental
conditions which can impact their ocular and general
health differently.

There also exists a complex relationship between
health status and socioeconomic status.”’*® Most rural
communities in Ghana lack access to basic amenities
including clean water for drinking or washing, making it
challenging for them to observe stricter patterns of perso-
nal hygiene.’’ 2 This can make rural participants more
susceptible to microbial infections of the eyelids. And
given that there is a crosstalk between eyelid dysbiosis,
MGD, and DED this may explain why the rural partici-
pants showed severe MGL and DED symptoms.*?!-2%-0

Additionally, there is a huge disparity in health/eye
care services provision and utilization patterns between
rural and urban areas in Ghana.>”! Even where available,
most rural inhabitants often delay in seeking treatment for
their conditions due to financial constraints and in a few
cases, hesitation to accept to orthodox medicine.
Generally, most inhabitants of rural areas may seek hospi-
tal treatment only when their conditions have reached
advanced stages.’'*? Similarly in this study, the rural
participants were more symptomatic for DED and showed
severe MGD than the urban participants because they
perhaps presented for clinical evaluation and treatment
only when their condition had advanced with intolerable
symptoms.

In contrast to rural areas, industrialized and urban cities
like Kumasi have increased problems with pollutants such
as high environmental levels of nitrogen dioxide (NO,),
sulphur dioxide (SO,), carbon monoxide (CO) and ozone
(03), and particulate matter (PMs) which can affect ocular
surface health. Studies conducted in China and Korea
implicate these environmental pollutants in the develop-
ment of ocular surface conditions such as pterygium and
DED. SO,, O3 and PM, 5 in particular have been named as
important risk factors for DED.*3°

Furthermore, as it is very typical of most developed
and emerging economies, urban living in Ghana is also
characterized by longer “screen times” — with prolonged
use of smartphones and computers at home and work.
Most people in urban Ghana may also spend longer hours
working or living in air-conditioned environments.'+*¢:!2
While we did not characterize these factors in this study,
the results show that occupation differed between both
groups with majority of urban participants working in the
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civil service where computer and air-conditioner use is
common. It is therefore possible that for urban partici-
pants, the frequent exposure of the ocular surface to these
adverse environmental conditions could have contributed
to their DED."!1"13

Moreover, with regards to hazardous working/environ-
mental conditions, farmers in rural Ghana may come in
contact with vegetative or soil materials that could impact
the ocular surface and adnexa by way of injury or infec-
tion. Majority of the rural participants were farmers and
our results show the cases of stye and blepharitis, which
are two common eyelid conditions linked to MGD were
two and six times higher, respectively, among rural parti-
cipants. As observed, the rural participants showed
increased odds of the having a history of stye or blepharitis
and having MGL than urban participants.

It is important to mention that although the differ-
ences in between the exposure arms (blepharitis vs non-
blepharitis, and stye vs non-stye) were insignificant for
rural participants, the very high percentage of MGL
among rural subjects cannot be refuted as clinically
unmeaningful. This is because, recurrent blepharitis
and stye have been reported to affect the meibomian
glands, leading to MGD hence evaporative DED.
Several reports also mention a close association between
these eyelid conditions and DED.**'*° Thus, the obser-
vation of a statistically insignificant difference between
the exposure arms for the rural participants may be due
to inherent sample characteristics; for example, our sam-
ple was not normally distributed.

Conclusions

In summary, the study presents relevant information about
DED and Meibomian gland health status in Ghana by
comparing and highlighting significant differences in the
DED and MGD profiles between participants from rural
and urban Ghanaian populations. The significant relation-
ships between the various clinical variables suggest impor-
links between MGD and DED with likely
contributions from the participants’ daily and working

tant

environments. Our findings thus demonstrate that even in
a region where climatic conditions are the same, subtle
differences in the daily living and working environments
including the potential role of environmental pollutants in
urban areas or hygiene conditions in rural areas, and a
history of eyelid disease can influence the occurrence and
severity of MGD and DED.
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