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Background: Etiologies of congenital microphthalmia and anophthalmia are unclear and commonly 
thought to be homogenous. To test if risk factors are similar for these two diseases, we compared the risk 
factors between congenital microphthalmia and anophthalmia in a large Chinese cohort.
Methods: A total of 347 patients with congenital microphthalmia or anophthalmia diagnosed by magnetic 
resonance imaging (MRI), computed tomography (CT) or ultrasound from 2011 to 2018 were enrolled. 
Patients’ clinical information, used as potential risk factors, was retrospectively collected. A multivariable 
logistic regression model was used to estimate odds ratios (OR) and 95% confidence intervals (CI).
Results: A total of 347 patients were affected by congenital microphthalmia or anophthalmia. A total of 
324 cases were microphthalmia, and 23 cases were anophthalmia. Structural abnormalities, mother’s age 
at initial pregnancy, whether the mother drinks, whether the mother was diseased during pregnancy and 
whether the father has systemic disease passed the univariate test. In the multivariable logistic regression 
model, whether the mother was diseased during pregnancy (OR =2.804, P=0.023) and whether the father had 
systemic disease (OR =4.795, P=0.027) are significant risk factors for anophthalmia over microphthalmia. 
Influenza or common cold infection accounted most of the mother’s diseases during pregnancy.
Conclusions: Mothers with diseases, mainly influenza or common cold infection, during pregnancy are 
more likely to have baby with anophthalmia than microphthalmia. Our study indicated that there might be 
different etiologies for anophthalmia and microphthalmia.
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Introduction

Anophthalmia and microphthalmia are a set of rare, 
yet severe, birth defects that are thought to represent a 
phenotypic spectrum ranging from completely absent 
to smaller than average size eyes. Despite their clinical 
significance, their exact pathogenesis is not fully understood. 
It has been hypothesized that these malformations might 

occur when either the optic vesicles, anterior neural 
tube, or optic pits fail to develop early during embryonic 
development (approximately 6–10 weeks of gestation) or in 
the formation or closure of the fetal fissure (1). Moreover, 
abnormalities in the posterior segment of the eye, such as 
decreased optic cup size or low intraocular pressure, may 
contribute to the development of microphthalmia (1). 
Anophthalmia and microphthalmia can occur as part of 
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recognized syndromes or in isolation (2).
Anophthalmia and microphthalmia are always evaluated 

together in epidemiologic studies because they might share 
common disrupted developmental pathways. However, 
it is possible that they may share distinct etiologies (3). 
The specific pathogeneses underlying anophthalmia and 
microphthalmia remain largely unknown. In previous 
studies, most population-based studies of these anomalies 
have used data gathered from routine reporting systems, 
such as congenital anomaly registers (4,5). However, there 
are significant limitations to using these sources. When 
children are not examined by a specialist, diagnostic 
errors can be introduced. In our study, every patient was 
diagnosed by magnetic resonance imaging (MRI), computed 
tomography (CT) or ultrasound. We evaluated incomplete 
eyeball clearly from imaging to distinguish anophthalmia 
from microphthalmia. Furthermore, we first compared risk 
factors between patients with congenital microphthalmia 
and anophthalmia to discuss their possible distinct 
etiologies.

Methods

Participants

This clinical comparative study included 347 patients 
who were diagnosed with congenital anophthalmia and 
microphthalmia in Beijing Tongren Hospital from 2011 to 
2018 in a consecutive manner. All patients were diagnosed 
by MRI, CT or ultrasound.

The study was approved by the Ethics Committee of 
Beijing Tongren Hospital and adhered to the provisions of 
the Declaration of Helsinki for research involving human 
subjects. Written informed consent was obtained from 
all adult participants. For the children, written informed 
consent was obtained from their parents.

Case definition of microphthalmia and anophthalmia

Anophthalmia was defined as no visible sign of a globe 
on CT scan or MRI. Microphthalmia was defined as “an 
abnormally small eye”. Because not all children would 
undergo ultrasound to determine exact ocular dimensions, 
reference measurements for microphthalmia (axial length: 
16 mm at birth, 19 mm at 12 months of age; corneal 
diameter: at birth 10 mm) were provided as a guide only, 
not as diagnostic criteria.

The following diagnoses were explicitly excluded: eyelid 

coloboma, anterior segment anomalies (e.g., aniridia, 
Peters’ anomaly), and other posterior noncolobomatous 
anomalies (e.g., retinopathy of prematurity, persistent fetal 
vasculature syndrome, and optic nerve hypoplasia).

Study variables

A  s t a n d a r d i z e d  q u e s t i o n n a i r e  w a s  s e n t  t o  a l l 
ophthalmologists who had notified an eligible child. The 
requested information included the date of birth, postal 
code, initials, sex twin/singleton (to exclude duplicate 
reporting), clinical phenotype, investigations undertaken, 
results, and clinical management.

Data were obtained from registration records on the 
following variables: infant sex, birth year, birth mode, 
delivery mode, race, place of birth, maternal age (pregnancy 
with patient), mother age (initial pregnancy), number of 
previous pregnancies, mother smoke, mother drink, mother 
with systemic disease, and mother with disease during 
pregnancy. The following paternal characteristics were 
obtained: age, smoke, drink and systemic disease.

Statistical methods

Descriptive statistics were calculated for continuous 
variables using the mean (SD) and for categorical data using 
n (%). Data were analyzed using SPSS version 22.0 for 
Windows (IBM Corp., Armonk, NY, USA). We compared 
two groups using the t-test for continuous variables and the 
chi-square test for categorical variables. Pearson’s chi-square 
test was used to test qualitative associations if all expected 
frequencies were equal to or greater than 5. Fisher’s test 
was used when the expected frequencies were less than 
5. A P value of 0.05 or less was used to define statistically 
significant results. All hypothesis tests used two-sided tests 
and set the alpha level at 0.05. The variables considered 
important were included in a multivariable logistic 
regression model to estimate odds ratios (OR) and 95% 
confidence intervals (CI). Two-tailed P<0.05 values were 
considered to indicate statistically significant differences.

Results

We accumulated a total of 347 cases of congenital 
microphthalmia  and anophthalmia  diagnosed by 
ophthalmologists from 2011 to 2018 in the eye center of 
Beijing Tongren Hospital. Follow-up questionnaires were 
completed for all cases.
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Table 1 Risk factor comparison between congenital microphthalmia and anophthalmia

Variable Congenital microphthalmia Congenital anophthalmia P value

Gender 0.508

Male 160 (49.4%) 13 (56.5%)

Female 164 (50.6%) 10 (43.5%)

Eye 0.479

Right 155 (47.8%) 13 (56.5%)

Left 154 (47.5%) 10 (43.5%)

Bilateral 15 (4.6%) 0

Structural abnormalities 21 (6.5%) 21 (91.3%) 0

Place of birth 0.774

Urban 131 (40.4%) 10 (43.5%)

Rural 193 (59.6%) 13 (56.5%)

Birth mode 0.268

Mature 307 (94.9%) 23 (100%)

Premature 17 (5.1%) 0

Delivery mode 0.867

Natural birth 205 (63.3%) 14 (59.1%)

Cesareans 119 (36.6%) 9 (40.9%)

Race 0.702

Han 290 (89.5%) 20 (87.0%)

Others 34 (10.5%) 3 (13.0%)

Mother age (pregnancy with patient) 27.01±4.79 26.96±5.604 0.960

Mother age (initial pregnancy) 24.11±3.37 22.82±3.38 0.085

Mother pregnancy number 2.14±1.24 2.05±0.91 0.75

Mother birth number 1.64±0.76 1.63±0.68 0.976

Mother smoke 6 (1.9%) 0 0.612

Mother drink 15 (4.6%) 3 (13%) 0.179

Mother with systemic disease 22 (6.8%) 4 (17.4%) 0.152

Mother with disease during pregnancy 75 (23. 1%) 10 (43.5%) 0.028

Father age 28.53±5.12 27.91±6.07 0.584

Father smoke 199 (61.4%) 11 (47.8%) 0.448

Father drink 207 (63.9%) 16 (69.6%) 0.759

Father with systemic disease 11 (3.4%) 3 (13.0%) 0.078

All variables compared between patients with congenital 
microphthalmia and anophthalmia are included in Table 1. 
Mother with disease during pregnancy was the only risk 

factor that was significantly different (P=0.028). The other 
factors, including gender, eye, structural abnormalities, 
place of birth, birth mode, delivery mode, race, mother age 
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(pregnancy with patient), mother age (initial pregnancy), 
mother pregnancy number, mother birth number, mother 
smoke, mother drink, mother with systemic disease, 
mother with disease during pregnancy, father age, father 
smoke, father drink, father with systemic disease, were not 
statistically significant. Variables considered important were 
mother age (initial pregnancy), mother drink, mother with 
systemic disease, mother with disease during pregnancy, 
and father with systemic disease and were included in a 
multivariable logistic regression model to estimate ORs and 

95% CIs.
The OR of congenital anophthalmia to microphthalmia 

was 2.804 (95% CI: 1.151–6.832; P=0.023) for those 
patients whose mother had diseases during pregnancy. The 
OR of congenital anophthalmia to microphthalmia is 4.795 
(95% CI: 1.196–19.232; P=0.027) for those patients whose 
father had systemic diseases (Table 2).

Twenty-one patients with congenital microphthalmia 
had structural abnormalities (Table 3). These structural 
abnormalities included polydactyly, accessory auricle, 
otocleisis, ear deformities, dysaudia, bradygenesis, tetralogy 
of Fallot, pulmonary stenosis, inguinal hernia, capillary 
hemangioma of skin, vertebra abnormal, syndactyly, 
megacolon, incontinentia pigmenti, ventricular septal 
defect, cleft lip and palate, congenital hypothyroidism and 
cryptorchidism.

Mother with diseases during pregnancy was an important 
factor in this study, which was the only factor with statistically 
significant differences between the two groups. The detailed 
diseases in each group are listed in Table 4. According to the 
results, influenza or common cold infection was the most 
common cause of illness in a mother's pregnancy. Father with 
systemic diseases was also an important factor. The detailed 
diseases are listed in Table 5.

Discussion

In this study, we aimed to analyze the different risk factors 
between patients with congenital anophthalmia and 
microphthalmia. This was the first study on risk factors 
in Chinese patients. By comparing risk factors, we sought 
to explore the different mechanisms in those two types of 
cases. 

The OR of congenital anophthalmia to microphthalmia 
was 2.804 (95% CI: 1.151–6.832; P=0.023) for those 
patients whose mother had diseases during pregnancy. The 
OR of congenital anophthalmia to microphthalmia was 
4.795 (95% CI: 1.196–19.232; P=0.027) for those patients 
whose father had systemic diseases. The rate of patients 
combined with systemic abnormalities is much less than 
patients who did not have systemic abnormalities.

Many studies have shown that anophthalmia and 
microphthalmia may have a substantial and overlapping 
genetic  component.  Recent studies  indicate that 
approximately 50% of patients have mutations in more than 
20 genes, including but not limited to, SOX2, OTX2, and 
PAX6 (6). Much less is known about nongenetic risk factors 
for anophthalmia and microphthalmia (7,8). Previous 

Table 3 Structural abnormalities in children with congenital 
microphthalmia

Structural abnormality Frequency

Polydactyly 1

Accessory auricle 1

Otocleisis 1

Ear deformities 1

Dysaudia 1

Bradygenesis 1

Tetralogy of Fallot 2

Pulmonary stenosis 1

Inguinal hernia 1

Capillary hemangioma of skin 2

Vertebra abnormal 1

Syndactyly 1

Megacolon 1

Incontinentia pigmenti 1

Ventricular septal defect 2

Cleft lip and palate 1

Congenital hypothyroidism 1

Cryptorchidism 1

Total 21

Table 2 Results of multivariable logistic regression 

Variable P value OR 95% CI 

Mother with disease during 
pregnancy

0.023 2.804 1.151–6.832

Father with systemic disease 0.027 4.795 1.196–19.232

OR, odds ratios; CI, confidence intervals.
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Table 4 Diseases during pregnancy

Variable Frequency Percentage (%)

Congenital microphthalmia

Fever (unknown cause) 1 1.33

Diarrhea 2 2.67

Dog bite 1 1.33

Appendicitis 1 1.33

Syphilis 1 1.33

Tracheitis 1 1.33

Pregnancy hypertension 1 1.33

Gestational diabetes 1 1.33

Influenza or common cold 64 85.33

Renal calculus 1 1.33

Colpitis 1 1.33

Total 75 100.00

Congenital anophthalmia

Epilepsy 1 10.00

Rubella 1 10.00

Diarrhea 1 10.00

Influenza or common cold 7 70.00

Total 10 100.00

publications have indicated that, similar to other birth 
defects, anophthalmia and microphthalmia are associated 
with various risk factors, including elevated maternal 
prepregnancy body mass index (BMI), maternal smoking 
during pregnancy, and maternal exposure to medications, 
including anti-inflammatory drugs and antibiotics before 
or during early pregnancy (3,9,10). Furthermore, advanced 
maternal age and maternal history of various viral infections, 
including rubella and influenza, may increase the likelihood 
of having a child born with these conditions (11-13). In our 
study, we compared different risk factors between patients 
with congenital microphthalmia and anophthalmia. We 
found that mothers with disease during pregnancy and flu 
were the most common causes, which was almost consistent 
with previous studies. Although there are differences in 
risk factors between our study and previous studies, it is 
worth noting that we did not compare the patients with the 
general population, which is different from previous studies. 
According to this result, we suspected that congenital 

anophthalmia might be influenced more by nongenetic 
risk factors during pregnancy than by microphthalmia. 
However, this is just an assumption; more studies and 
evidence are needed.

The ra te  o f  pa t ients  combined  wi th  sys temic 
abnormalities is much lower than in previous studies. In our 
study, systemic abnormalities were recorded in only 13 cases 
(7%) in patients with congenital microphthalmia. None 
of the cases had systemic abnormalities in anophthalmia. 
Data on systemic abnormalities in children with congenital 
microphthalmia and anophthalmia are difficult to compare 
because studies use different definitions and classification 
systems, and some studies include stillbirths, neonatal 
deaths, and terminations of pregnancy, which are likely to 
have higher rates of major anomalies than studies that only 
involve live born or living children. In previous studies, 
data from anomaly registers indicate that the proportion 
of children with anophthalmia or microphthalmia who 
also have systemic abnormalities ranges from 52.7% to 
95% (14-16). The reasons for this difference are not clear 
but may be methodological in nature. However, several 
studies have reported that less than 10% of children with 

Table 5 Systemic diseases of father

Variable Frequency Percentage (%)

Congenital microphthalmia

Diabetes mellitus type I 1 9.10

Hypertension 2 18.18

Allergies 1 9.10

Chronic pharyngitis 1 9.10

Chronic bronchitis 1 9.10

Renal calculus 1 9.10

Genital herpes 1 9.10

Uarthritis 1 9.10

Gastric cancer 1 9.10

Hepatitis B 1 9.10

Total 11 100.00

Congenital anophthalmia

Hypertension, diabetes 1 33.33

Hepatitis B 1 33.33

Gastric erosion 1 33.33

Total 3 100.00
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anophthalmia and microphthalmia have isolated defects (i.e., 
born with no additional structural birth defects) (12,17). 
According to those studies, a substantial majority of infants 
born with this condition are likely to have other structural 
birth defects, such as congenital heart disease or oral clefts 
(3,17). Moreover, previous studies have suggested that over 
20% of children with anophthalmia and microphthalmia 
have syndromic features, with one or more chromosome 
abnormalities, such as trisomy 13 or trisomy 18 (3,17). 
Our study identified 21 cases with extraocular structural 
abnormalities in patients with congenital microphthalmia. 
A limitation in our study, as in most others, was that the 
children were not all examined in detail by a pediatrician, 
and thus some systemic findings, particularly milder 
abnormalities, may have been missed.

The findings described here need to be interpreted 
in light of several strengths and limitations. First, image 
studies were taken to make diagnoses for patients with 
congenital microphthalmia and anophthalmia, which was 
particularly important for anophthalmia diagnosis. Because 
there were many “clinical anophthalmia”, the patient was 
appeared to lack an eyeball in the orbit. However, there was 
actually a very small eyeball in the orbit, which was covered 
by conjunctiva. The small eyeball could be identified by 
MRI, CT or ultrasound, especially on MRI or CT scan. 
Furthermore, we compared risk factors between patients 
with congenital microphthalmia and anophthalmia; this 
kind of study was uncommon. However, this study also had 
limitations. The number of patients with anophthalmia was 
too few, which might impact the statistical analysis.

In conclusion, this study provides the risk factor for 
congenital microphthalmia and anophthalmia in Chinese 
patients for the first time. We found that mothers with 
disease (mainly influenza or common cold infection) 
during pregnancy and fathers with systemic disease are 
risk factors specific for congenital anophthalmia but not 
microphthalmia. Flu is the most common cause of illness in 
a mother’s pregnancy. The rate of patients combined with 
systemic abnormalities is much less than patients without 
systemic abnormalities. Our findings add to the limited 
body of literature on anophthalmia and microphthalmia.
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