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Abstract To assess the prevalence of eye disease

among malnourished children in a rural Ethiopian

health center and evaluate correlations between

xerophthalmia and grades of malnutrition. A retro-

spective, cross-sectional survey. An institution-based

cross-sectional prospective study was performed

at Bushulo Health Center in rural south Ethiopia

and included all children age 6 months to 14 years

receiving care for malnourishment from June 1st to

July 30th, 2008. Data collection involved a combina-

tion of interviews with caretakers, ocular examination

by a pediatric ophthalmologist and anthropometric

measurements. One hundred and seventy-three chil-

dren (average age at examination 2.9 ± 0.2 years)

were treated for malnutrition (97 female, 76 male).

One hundred and forty-nine patients had moderate

malnutrition (86.03 %) and 24 had severe malnutrition

(13.9 %). The following eye diseases were diag-

nosed—trachoma (12.1 %), blepharitis (13.3 %) and

xerophthalmia (20.8 %). Severely malnourished chil-

dren were more likely to suffer from xerophthalmia

than moderately malnourished children (p \ 0.0001).

When comparing anthropometric measurements to the

diagnosis of xerophthalmia, only weight percentile

showed significance (p = 0.008). Xerophthalmia is a

common global cause of pediatric blindness and is

highly correlated with severe malnutrition. Continued

efforts are necessary to improve nutrition and out-

comes in these patients.
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Introduction

Xerophthalmia describes the ocular manifestations of

vitamin A deficiency (VAD) and includes conjunctival

and corneal xerosis, keratomalacia, nyctalopia and

retinopathy [1]. VAD is a disease largely of the lowest

socioeconomic populations in developing countries
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where food choices are limited [2]. Malnutrition in

children may be a continuation of an undernourished

state that began in infancy or it may arise from factors

that become operative during childhood. In Ethiopia, the

nutritionally inadequate weaning diet and overcooking

of limited green leafy vegetables predispose to VAD [3].

A recent survey of third and fourth grade school children

in Ethiopia demonstrated the risk of xerophthalmia was

comparatively higher in children that had not eaten

vegetables or fruits on the day prior to the survey [4].

Xerophthalmia is the leading preventable cause of

blindness worldwide and is associated with increased

mortality in children 6 months of age and older.

Vitamin A supplementation can effectively reduce

total mortality in susceptible populations [2, 5, 6].

According to the United Nations Children’s Fund, an

estimated 84 % of children in Ethiopia aged

6–59 months received at least one high-dose vitamin

A capsule in 2010 [7]. However, it is estimated that

over 250 million preschool children, largely in devel-

oping countries, are at risk of xerophthalmia [8–10].

The purpose of this study is to assess the prevalence

of eye disease among malnourished children in a rural

Ethiopian health center and evaluate correlations

between stages of xerophthalmia and grades of malnu-

trition.

Methods

An institution-based cross-sectional study was con-

ducted at the Bushulo Health Center outside Hawassa

City in rural southern Ethiopia. The hospital is a referral

center for an estimated population of 15 million people,

with nearly half being children \15 years. This work

was part of the ORBIS International and Cyber-Sight

project implementing pediatric ophthalmology services

in Ethiopia. The study was approved by the Ethical

Committee of Hawassa University Health Science

College and was in accordance with the Declaration of

Helsinki.

All children age 6 months–14 years receiving

treatment for malnutrition at Bushulo Health Center

from June 1st to July 30th, 2008 were included in a

population survey. All children diagnosed with VAD

received food supplementation and vitamin A cap-

sules (200,000 IU) at the time of their visit. Children

were excluded if they had resided in one of the two

local woredas (districts) for \6 months.

Data collection involved a combination of inter-

views with caretakers, ocular examination and anthro-

pometric measurements. After obtaining informed

consent, caretakers were interviewed about the child’s

gender, age, history of breastfeeding and multivitamin

supplementation within 2 weeks of the study period.

The eye examination was performed by an experi-

enced pediatric ophthalmologist and included slit-

lamp examination and fundus examination using

indirect ophthalmoscopy. The presence and severity

of xerophthalmia was evaluated on the basis of clinical

stages proposed by the WHO [1]. The presence of

other eye diseases such as trachoma, blepharitis or

infectious corneal diseases was assessed by a pediatric

ophthalmologist.

The anthropometric measurements used in the study

included weight and height or supine length in children

\2 years of age. Body mass index (BMI) and weight-

for-height indices were derived from the above mea-

surements. These were all compared to the standard

WHO percentile charts according to gender and age,

and the percentile for each patient and the distance

from the median (z-score) were recorded. Malnutrition

was defined as moderate if 2–3 SD and severe if [3 SD

below the median of the weight-for-height percentile

[11].

Statistical analysis was performed using SPSS

(version 13, SPSS Inc., IL, USA). All results are

presented as the mean ± SEM.

Results

One hundred and seventy-three children suffering

from malnutrition (97 female, 76 male) were included.

The mean age at examination was 2.9 ± 0.17 years.

A total of 149 patients were found to have moderate

malnutrition (86.0 %) and 24 were diagnosed with

severe malnutrition (13.9 %). Ninety children had a

normal eye examination (52.0 %). The remaining

children had the following conditions: trachoma

(13.3 %, n = 23), blepharitis (17.3 %, n = 30) and

xerophthalmia (20.8 %, n = 36) (Fig. 1). Females

were more likely to have xerophthalmia than males

(26.8 vs 13.2 %, respectively, p = 0.028, Pearson’s

Chi squared test), and they accounted for the majority

of diagnosed cases (72.2 %, n = 26). Severely mal-

nourished children were more likely to suffer from any

ocular disease than moderately malnourished children
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(66.7 vs 43.0 %, respectively, p = 0.026, Pearson’s

Chi squared test). Specifically, they were more likely

to suffer from xerophthalmia than moderately mal-

nourished children (50.0 vs 16.1 %, respectively,

p \ 0.0001, Pearson’s Chi squared test) (Fig. 2).

When examining BMI, weight, height and weight-

height ratio compared to the presence or absence of

xerophthalmia, only weight percentile showed signif-

icance (2.7 ± 1.5 vs 10.0 ± 2.2 %, p = 0.008). When

correlations were examined regarding ocular disease in

general, no differences were noted (data not shown).

Discussion

Xerophthalmia, a disease resulting from VAD, is the

most common global cause of childhood blindness,

resulting in roughly 350,000 new cases every year

[12]. Despite its high incidence, there is a low

prevalence of xerophthalmia in the developing world.

This is explained by the high mortality rate of these

children; the majority of children with VAD signifi-

cant enough to result in corneal ulceration die within

the first year of life [5]. In this study, we examined the

prevalence of xerophthalmia among Ethiopian chil-

dren suffering from malnutrition and found that (1)

approximately 50 % of children suffered from ocular

disease; (2) xerophthalmia affected one in five mal-

nourished children; (3) children with xerophthalmia

were found to be at a lower weight percentile; and (4)

risk factors associated with xerophthalmia included

female gender and a state of severe malnutrition.

VAD has protean clinical manifestations, but the

presence of xerophthalmia is essentially pathogno-

monic [5]. Vitamin A serves two fundamental pur-

poses in ocular health. In the retina, it functions as a

precursor to photosensitive pigments involved in the

stimulation of the visual pathway. It is also essential

to epithelial differentiation and proliferation in the

conjunctiva and cornea. As such, xerophthalmia

manifests as nyctalopia, conjunctival and corneal

xerosis, corneal ulceration, keratomalacia and corneal

scars [13].

The first randomized trial evaluating the effect of

vitamin A supplementation on child mortality was

undertaken in Indonesia and published in 1986 [6].

The impressive results, a 34 % reduction in mortality

amongst 1- to 5-year-olds, were met with some

Fig. 1 Findings among children that underwent eye examina-

tion (n = 173). NEE normal eye examination

Fig. 2 A Comparative rates of normal eye examimatiom (NEE)

(n = 90) versus ocular pathology (n = 83) in patients with

severe or moderate malnutrition. B Comparative rates of the

presence (n = 36) or absence (n = 137) of xerophthalmia in

patients with severe or moderate malnutrition
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resistance, yet the majority of subsequent major trials

documented similar findings [5]. Most of the prevented

deaths were thought secondary to less severe manifes-

tations and complications associated with measles and

diarrheal diseases in children receiving vitamin A

supplementation [14]. Due largely to the efforts of

these pioneers, more than 70 countries now have

national programs addressing VAD and vitamin A

‘coverage’ has become one of the core health indica-

tors published annually in the State of the World’s

Children. UNICEF estimates that every year, over half

a billion vitamin A capsules are distributed and prevent

roughly 350,000 childhood deaths [5].

Despite these encouraging results, VAD remains a

significant cause of morbidity and mortality among

certain developing world populations. A 1980–81

national survey in Ethiopia found that roughly 60 % of

children \6 years of age suffered from subclinical

VAD (serum retinal level \0.70 lmol/l) [9]. A more

recent survey in Wukro, north Ethiopia, documented

almost identical results in children aged 6–9 years

[15]. The prevalence of xerophthalmia in the afore-

mentioned reports was 6 and 5.8 %, respectively.

In this study, we demonstrate a 20 % prevalence of

xerophthalmia among malnourished children present-

ing for medical attention in south Ethiopia. The

majority of these patients were female, which is

dissimilar from other studies. This finding is unlike

prior studies that showed either male predominance

[15] or equal rates [4]. It was suggested this may in part

be explained by the observations that boys are more

prone to diarrheal illnesses and girls tend to aid in food

preparation and therefore are more likely to have

access to vitamin A-enriched foods [16]. The reasons

for the female preponderance in the current study are

likely multifactorial. Reports of other pediatric eye

diseases from Africa have found a significant differ-

ence in the length of delay between boys and girls as

well as treatment outcomes, both favoring the male

gender. This seems to have more to do with the

socioeconomic role of gender, rather than any biolog-

ical predisposition [16–20]. Similar to these studies,

most of our patients are from rural African tribes,

where social etiquette favors the male gender, which

may mean that food is less available to females, leading

to higher rates of malnutrition. Furthermore, given the

young age of patients in this study (mean 2.9 years),

females were unlikely to participate in meal prepara-

tion and have preferential access to enriched foods.

As xerophthalmia is a manifestation of vitamin

A deficiency, malnutrition has been closely linked to

the disease [21]. We found that children suffering from

severe malnutrition were much more likely to have

xerophthalmia than those that were moderately mal-

nourished. Furthermore, we found that lower weight

percentile was significantly correlated with the pres-

ence of xerophthalmia. It is interesting to note that

there was no association with BMI, height or weight-

height. Malnutrition typically presents first with lower

weight and only later lead to stunting of height [22].

Xerophthalmia may therefore correlate better with

such early changes. It is possible that a larger

population sample or a long-term prospective study

will confirm these associations.

Many of the consequences of VAD are potentially

avoidable, and three major preventative plans have

been suggested—(1) routine high-potency vitamin A

supplementation; (2) fortified foods; and (3) improv-

ing the availability of vitamin A-rich foods [23].

Breast milk is an excellent source of vitamin A and

other nutrients and needs to be emphasized as an

important aspect in prevention. Mothers also need

education on proper weaning diets [24]. Much of the

current success combating VAD is a result of

integration of vitamin A supplementation programs

with other health care measures such as measles

vaccination, nutrition screening, deworming, educa-

tional programs on breastfeeding and the distribution

of iodized oil supplements [25]. In regions such as

south Ethiopia, vitamin A-containing foods are

scarce and expensive. Public health efforts to fortify

foods used in the common diet have recently been

advocated, with a trial of maize biofortification in

sub-Saharan Africa demonstrating some promising

early results [24, 26].

There are several limitations to this study. It was

conducted at a single location and patients were all

presenting for evaluation of malnutrition. This sug-

gests our findings are likely an under-representation of

the total pediatric population in south Ethiopia. Indeed,

Scheman et al. [16] found that increasing distance to

the nearest medical center was significantly correlated

to the presence of xerophthalmia. There was a

relatively small sample size, no follow-up was avail-

able and the data was collected over a short period of

time during the dry months, possibly misrepresenting

yearly seasonal fluctuations. Further studies will be

needed to confirm these findings.
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Xerophthalmia is a manifestation of VAD and

remains the most common cause of pediatric blindness

worldwide. In parts of the developing world such as

Ethiopia, it is highly correlated with malnutrition and

underweight children, and those at risk need careful

eye examinations to further evaluate for potential

blinding disease. Continued global efforts are neces-

sary to improve nutrition and outcomes in these

patients.
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