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Abstract: Congenital and genetic ocular disorders are linked to parental consanguinity. The aims was to investigate the
effects of consanguineous marriages on the refractive errors of preschool-aged and adolescent patients. Two sample groups
were recruited: the preschooler group (3–6 years; 335 participants) and the adolescent group (12–20 years; 998 participants).
The required sample size was calculated using a sample size estimation software. Visual acuity was measured using the 15-line
Lea symbols chart in the pre-school aged group and non-illuminated ETDRS VA chart in the adolescent group. Spherical
equivalent refractive errors were noted with near-retinoscopy technique in young children and with the ARK-30 autorefractor
in the adolescent group. In order to explore the impact of consanguineous marriages, the data were analyzed separately based
on the age group using SPSS version 21 software. In the preschooler group, myopia was found in 4.2%, hyperopia in 8.1%,
and astigmatism in 20%. Three children had high myopic scores (-10.00 D, -13.50 D and -17.50 D). In the adolescent group,
45.6% participants were myopic, 3.8% were hyperopic, and 22.3% were astigmatic. Despite the higher frequency of RE in
those 15 years and older in the cousins group and the consanguineous parents of the three preschool-aged children with high
myopia, there were no statistically significant (p>0.05) evidence that consanguineous marriages impact the refractive errors of
their children. In conclusion, despite previous studies showing a link between ocular genetic or congenital disorders and
consanguinity, no such link could be established with regard to refractive errors.
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1. Introduction
Marriages between couples biologically related as second
cousins or closer are considered as consanguineous
relationships. [1, 2] Consanguineous marriages are a deeply
rooted social culture among 20% of the world’s population.
[1, 2] This culture is mostly located in the Middle East, West
Asia, and North Africa. [3, 4] Furthermore, it is found among
emigrants from these communities who now reside in North
America, Europe, and Australia. [3] In the Middle East,
consanguinity constitutes 20–50% of all marriages; they
seem to be more favorable in these communities. [5] In Saudi
Arabia, the consanguinity rate is predicted to be greater than
50%. [6-11] This high rate could be due to the belief that
consanguinity may strengthen family ties, enforce family
solidarity, provide an excellent opportunity for the

transmission of cultural values and cultural continuity, and
allows a better relationship between the in-laws. [12, 13]
Health care providers and genetics specialists have
concerns that consanguineous marriage could have an impact
by increasing the genetic risk of the offspring. [13-15] It has
been suggested that when compared to non-consanguineous
marriages, consanguinity showed a higher fertility rate, the
same rate of abortions, slightly higher infant mortality rates,
and slightly higher frequency of birth defects.
Consanguineous unions lead to increased expression of
autosomal recessive disorders. [4, 13, 16, 17] The increased
risk for recessive disorders could be due to the inherited
expression of autosomal recessive gene mutations from the
common ancestor. Due to the autosomal recessive disorders,
it have been suggested that the risk of birth defects in firstcousin marriages may be 2–2.5 times more than that in the
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general population. [18-20] Therefore, the closer the kins are
related, the greater the probability that their child will inherit
identical copies of one or more detrimental recessive genes.
[21] The community awareness of pathological/ genetic risks
due to consanguineous unions is not at the optimum level.
[22-24] Competent genetic counselling services and
community-level genetic literacy interventions are greatly
needed. [25-27]
There are community programs that detect carriers of
hemoglobinopathies, such as thalassemia and sickle cell
anemia, through the implementation of premarital screening
in some middle east countries, including Saudi Arabia. [2832] However, in Saudi Arabia, 90% of couples at risk of
having affected children still decided to marry; this means
that any risk factor would be stand still. [33] Even if there is
no history of genetic disorders in the family, first cousin
marriages could double the risk of birth defects when
compared to general population marriages. [19] Furthermore,
there is a lack of evidence-based conclusions that establish a
solid relationship between consanguinity with the late onset
of complex diseases such as diabetes, cardiovascular
disorders, schizophrenia, and cancer. [34] On other hands,
studies are needed to assess any existing risks of
consanguinity that may not have an effect until a later age.
[13, 34] Specifically, the risk of vision impairment is among
the genetic disorders that could be included in preconception
genetic counseling for consanguinity. [35] This would show
the presence of a genetic or hereditary disorder in the
ancestors. In the field of ophthalmology, few studies have
explored the relationship between consanguinity and ocular
or vision disorders. Consanguinity is rarely associated with
acquired blindness. [35] Further, an autosomal recessive
disorder (e.g., retinitis pigmentosa) could be more common
finding in populations where consanguinity is more
prevalent. [17, 36-40] An increased prevalence of congenital
cataracts also have been reported in those populations. [17]
There are suggestions that improved screening methods
(especially for refractive errors (REs)), obtaining genetic
counseling, and early therapeutic interventions can reduce the
effect of childhood blindness. [41]
Even though consanguineous marriages are a widespread
culture in the middle east, little is known about the effect of
this factor on the presence of REs in their offspring when
compared to children of non-consanguineous parents. To the
best of our knowledge, no study has investigated the effect of
consanguinity on the incidence of REs. This study presented
here was part of a bigger population studies that have been
discussed and published elsewhere. [42, 43]

2. Materials and Methods
2.1. Ethical Considerations
Ethical approval was obtained from institutional ethics
committee, the Ministry of Education, and all school
headmasters. The Helsinki declaration was followed and
parental consent forms, if needed, were collected.

2.2. Sample Calculation and Identification
This is a cross-sectional population based study using a
multistage cluster sampling method targeted at preschoolaged children (aged 3–6 years) and adolescents (aged 12–20
years). The required sample size was calculated using EpiInfo software, version 7 (CDC, Atlanta, GA, USA;
http://wwwn.cdc.gov/epiinfo/7/) based on information
obtained from the Al Riyadh Directorate of Education and
previous estimations of RE either in Saudi Arabia or in the
Middle East region. [44, 45] The error margin was set at 5%
(with 95% confidence interval) and the design effect was set
at two using the cluster method of sampling. The minimum
required sample size of the preschool-aged and adolescent
groups were 280 and 644, respectively. Fourteen
kindergartens and 20 highly populated intermediate and high
schools from different parts of Al-Riyadh city were randomly
selected.
2.3. Determination of Visual Status
1. Assessment of distant visual acuity (VA):
The VA was measured monocularly and corrected VA if
habitual:
i. Assessment of preschool-aged children was carried
out using the 15-line Lea symbols chart (Good-Lite
Co., Elgin, IL, USA) at a distance of 3 m in a well-lit
room.
ii. Adolescents’ VA were measured in the logarithm of
the minimum angle of resolution (logMAR) at 4
meter (non-illuminated ETDRS chart with Sloan
letters, Precision Vision, La Salle, IL, USA).
2. RE assessments:
i. In preschool-aged children: Monocular RE was
assessed using near-retinoscopy technique in a
completely dark room. [46, 47] Previous studies have
concluded that obtained RE data are significantly
similar between the near-retinoscopy technique and
cycloplegic retinoscopy in young children. [47-49]
ii. In the adolescent group: the RE was measured using
the ARK-30 hand-held autorefractor (ARK-30;
Nidek Corp., Japan). This autorefractor has not
shown to be accurate and repeatable. [50] If the
ARK-30 did not provide reliable readings for any
reason, a distance retinoscopy was conducted.
2.4. Data Management
The RE was presented as the spherical equivalent (SERE).
The visual status was defined as one of the following: 1)
Myopic (in one or both eyes) when SERE was ≤-0.75 D in
both groups; 2) Hyperopic when SERE was ≥+2.00 D in
children and ≥+1.00 D in adolescents; 3) astigmatic when the
cylinder power was ≥1.00 DC in both groups; and 4)
emmetropic when neither eye was myopic or hyperopic.
The data were analyzed separately based on the age. This
was to investigate whether the effect of consanguinity was
apparent during the earlier ages or later on. SPSS version 21
was used to analyze the data. The data were not normally
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distributed (Kolmogorov-Smirnov p<0.05); therefore, nonparametric tests were used where appropriate. In both groups,
the SERE in the right and left eyes were comparable. The
Spearman’s rank test showed a strong correlation (r>0.95,
p<0.05). Therefore, for analysis, the SERE reported in the
results, in both groups, were lower than the score of the two
eyes and were reported as median and inter-quartile range
(IQR).

3. Result
3.1. Preschool Children
A total of 335 children were recruited. The median age
[IQR] was 5 (1) years (range: 3–6 years). Approximately
87.7% of the children were emmetropic. Myopia was found
in 4.2% (14 children) with a median [IQR] of -0.88 D [0.75
D] and a range of -0.50 to -2.00 D. Hyperopia was found in
8.1% (27 children) with a median [IQR] of +2.00 D [0.50 D],
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ranging from +2.00 to +4.50 D. The astigmatism was
observed in 20% (67 children) with a median [IQR] of -1.25
D [1.00 D] and range from -1.00 to -3.00 D (Table 1).
Finally, severe myopia (SERE = -10.00 D, -13.50 D, and 17.50 D) was found in three children. Those children were
analyzed separately as they were treated as statistical outliers.
3.2. Adolescents
A total of 998 adolescents were recruited. The
participants’ age ranged from 12 to 20 years (median [IQR]
= 16 (3) years). Ametropia was observed in 49.4% (493
participants) of the participants. The majority of the
ametropic condition was myopia (455 students [45.6%]
with a median and [IQR] of -1.12 D [1.54] ranging from 0.75 D to -14.50 D) and 3.8% (38) were hyperopic (1.87 D
[1.5] ranging from 1.00 D to 4.75 D), while 223 (22.3%)
were astigmatic (-0.50 D [0.50]) ranging from 1.00 DC to 5.00 DC) (Table 1).

Table 1. The types, frequencies, and severity of the encountered refractive errors (RE) in the preschool and adolescent groups.
Group
Preschool
Adolescents
Preschool
Adolescents
Preschool
Adolescents

RE
Myopia ≤ 0.75 D
Hyperopia ≥+2.00 D
Hyperopia ≥+1.00 D
Astigmatism ≥1.00 DC

Low (RE≤3 D)

Moderate (3 D<RE ≤ 6 D)

High (RE>6 D)

14 (4.2%)
344 (34.5%)
19 (7.3%)
30 (3%)
67 (20%)
207 (20.7%)

0%
98 (9.8%)
8 (0.80%)
8 (0.80%)

3 (0.90)
13 (1.3%)
0%
0%

3.3. Consanguinity and Relationship of REs

%0

%0

16 (1.6%)

0%

has been shown that consanguinity did not have an impact on
the prevalence or the type of RE (ANOVA Test, p˃0.05)
(Figures 1-4), despite being slightly more frequent in
children 15 years and older in the cousin groups. It was also
evident in the three children with high myopia in the
preschooler group (Figures 3-4).

Figure 1. Frequencies of refractive errors in preschooler children with
parents whom cousins and with parents with no such relationships.

In the preschool group, approximately 42% were children
of married cousins and 58% had no such relationship (ratio =
1:1.4). In the adolescent group, the ratio was 1.1:1 (51.5%
cousins and 48.5% with no relationship). In both groups, it

Figure 2. The spherical equivalents of preschooler refractive errors in
parents with cousins’ relationship or otherwise.
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Figure 3. Frequencies of refractive errors in adolescents’ participants
divided based on the parents relationship to each other.

Figure 4. The spherical equivalents of refractive errors in adolescents’
participants in both subgroups.

4. Discussion
There are few studies on the prevalence of an ocular
disorder due to consanguinity. Specifically, there have been
concerns that the ocular disorders exhibited by some groups
of the Saudi population could be due to consanguinity.
However, without evidence-based conclusions, one cannot
assume that consanguinity inevitably causes a high
percentage of autosomal recessive diseases or ocular

disorders, but a higher risk for ocular disorders can be
expected. For example, Reddy et al. (2008) found that 22%
of a ocular genetic conditions sample had a history of
consanguinity. [51] However, in their study, they did not
include REs in their investigations. Nirmalan et al. (2006)
conducted a larger population-based study (10290 children)
and found that only 0.008% of the children had an ocular
disease with a potential genetic cause. [52] However, it has
been found that blind children with genetic diseases had
significantly higher incidence of parental consanguinity
than children in the group with acquired diseases. [53, 54]
Furthermore, primary congenital glaucoma is more
common in populations with a higher prevalence of
consanguinity. [55] Yang Z et al. (2009) suggested that an
autosomal recessive gene is responsible for severe myopia
in a consanguineous Chinese family. Finally, some studies
suggested that there may be a link between consanguinity
and strabismus. [56, 57]
In this study, the prevalence of myopia increased with
increased age (with 10-fold increase from 4.2% to 45%). In
contrast, a decrease in the prevalence of hyperopia was also
observed with an increase in age (a decrease by 50% from
8.1% to 3.8%). However, a similar percentage of astigmatism
was noted in both groups (approximately 20%). Our result
was consistent with the prevalence of myopia found in
previous studies, [58-61] which is also consistent with the
result found in Saudi Arabia. [62]
In this study, the link between consanguinity and REs
was investigated at two cross-sectional points of the
participants’ life. The first period was between the ages of 3
and 6 years, which is the period of active vision
development. The second period was between 12 and 20
years of age, which is the period vision presumably
maturely develops. In both groups, the recruited
participants had almost the same ratio of parents who were
and were not cousins. This result could provide two merits
to this study. First, the participants were recruited at
random, and therefore, the results are not biased. This result
also could indicate that the consanguinity is a widespread
culture in the Saudi community, as it has been previously
suggested. [6-11] Second, since approximately half of the
participants had a kinship relationship, whereas the other
half did not, this sampling structure could bring to light any
effect of the consanguinity factor. RE was more frequent in
the cousin groups after 15 years of age and was also found
in the preschool children with severe myopia (Figures 3-4).
However, this did not show a statistically significant impact
of the consanguinity factor. This result suggests that
although ocular genetic disorders or congenital glaucoma
could be linked to consanguinity, [51-55] no evidence was
found to link REs to consanguinity.

5. Conclusion
The aim of this study was to investigate the effects of
consanguineous marriages on the refractive errors of
preschool-aged and adolescent participants. The finding of
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this study suggested that there was no statistical and/or
clinical evidence that parents whom are relatives have a
significant effect on the type or severity of REs. However,
studies with larger sample sizes are required to further
explore the strength of this effect.
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