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Abstract

Background: Pregnancy-induced changes in the physiological responses during the gestational period can affect the eye. This study
aimed to evaluate the effect of pregnancy on visual, refractive, vergence, and accommodative status.

Methods: In this cross-sectional study, twenty-five healthy pregnant women with a mean age of 29+3.1 were examined. All of the
subjects underwent comprehensive ophthalmologic examinations, including anterior segment and fundus examinations and tonometry.
Refractive error was determined in each trimester using Autokeratometer. Furthermore, near the point of convergence (NPC), best-
corrected visual acuity (BCVA), and near the point of accommodation (NPA) were measured. Data analysis was performed using
SPSS version 22. To compare the data during pregnancy, repeated measures analysis of variance (ANOV A) was performed.

Results: During pregnancy, in the right and left eye, spherical equivalent (SE) had a myopic shift from -0.13 to -0.35 D and +0.096
to -0.23 D, respectively (p=0.049 and p=0.020, respectively). Also, in the right and left eyes BCVA significantly decreased from -0.13
to 0.00 and -0.14 to 0.00 LogMAR, respectively (p=0.039 and p=0.045, respectively). NPA and NPC did not change statistically
significantly during pregnancy (p=0.385, and p=0.801, respectively).

Conclusion: Due to the unstable hormonal status, a myopic shift and decrease in BCVA occur during pregnancy. So, any change in
their spectacle prescription, fitting of contact lenses, performing refractive surgeries, etc., during this period should be postponed.
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Introduction
During pregnancy, alterations occur in several organ  during the gestational period can affect the eye. Previous

systems, such as metabolic, cardiovascular, hormonal, studies have shown that cornea, conjunctiva, crystalline
immunologic, and hematologic systems (1, 2). The chang-  lens, eyelids, etc., can be affected during pregnancy (3-5).
es in hormonal levels seem to be one of the most im- It is noteworthy that pregnancy changes can develop new
portant systemic changes during pregnancy. Also, preg-  situations or can worsen pre-existing ones (1, 6). When

nancy-induced changes in the physiological responses  the amount of hormonal activity reaches its peak, some of
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Therefore, Knowledge of pregnancy-induced changes is
necessary for pregnant women, optometrists, and
ophthalmologists.

— What this article adds:
This study indicates that several changes happen in visual,

refractive, vergence, and accommodative during pregnancy.
Although some of them are not statistically significant,
spectacle prescribing, contact lens fitting, etc. should be
performed with caution.
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the physiological changes like decreased intraocular pres-
sure (IOP) and corneal sensitivity, development of visual
field defect, and an increase in central corneal thickness
(CCT) and corneal curvature are usually determinable (6-
9). However, the mentioned changes are reversible and
return to their normal conditions when all hormonal levels
become similar to the pre-pregnant situations (6-9).
In addition to ocular structural changes, visual functions
may be affected during pregnancy. Decreasing visual
acuity (VA) as a usual symptom in pregnancy, may occur
because of the presence of refractive error, accommoda-
tive disorders, preeclampsia, or any underlying diseases
such as diabetes (1, 10-12). According to previous studies,
temporary accommodative loss due to accommodative
insufficiency and paralysis have been documented both
during pregnancy and after delivery (12, 13). Despite ocu-
lar and visual changes that have been reported, some stud-
ies have not found any significant change in mean corneal
curvature, VA, and refractive error measurements during
pregnancy (9, 14, 15). According to a study conducted in
Iran to show the changes in mean VA in pregnant and
non-pregnant situations, VA significantly changes during
pregnancy (16). These controversies indicate that further
studies will need to evaluate changes in visual and ocular
parameters during pregnancy.

Pregnant women must know their refractive, accommo-
dative, and vergence changes during this period. Further-
more, optometrists and ophthalmologists should be able to
differentiate between physiologic and pathologic changes
in ocular and visual systems and also situations that need
management and follow during pregnancy. Also,
knowledge about changes during pregnancy is essential to
prevent unnecessary management. We assumed that there
would be some changes in visual, refractive, accommoda-
tive, and vergence status during pregnancy.

According to our knowledge, there is no single study
has evaluated the changing refraction, VA, near the point
of convergence (NPC), and near the point of accommoda-
tion (NPA) during pregnancy in Iran. The aim of the cur-
rent study was the investigation refractive, VA, NPA, and
NPC changes during pregnancy.

Methods

This prospective longitudinal study was performed at
Obstetrics and Gynecology private clinic, where pregnant
women were referred for routine visits and screening be-
tween February 2018 and January 2019. The current study
followed the tenets of the Declaration of Helsinki. After
explaining the purpose and details of the research to preg-
nant women, informed consent was attained.

A total of thirty pregnant women enrolled in this study,
of which 5 subjects who aborted or did not participate in 2
later examinations were excluded. Thus, the data of 25
pregnant women between 20 to 38 years old were ana-
lyzed. Examinations were conducted in the three tri-
mesters of pregnancy. The first, second, and third follow-
ups were conducted between 8-11, 13-28, and 31-34
weeks of pregnancy, respectively.

Comprehensive ophthalmic examinations including an-
terior segment and fundus examination and tonometry,
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were performed by an experienced ophthalmologist.
The inclusion criteria of the present study were the ab-
sence of bilateral blindness, systemic and ocular patholo-
gies, previous trauma and eye surgery, no history of sys-
temic and ocular medication except for supplements, and
age between 20 to 40 years old without any complicated
pregnancy such as diabetes, high blood pressure, etc.
Refractive error was determined in each trimester using
the RT-7000 Autokeratometer (Tomey Corporation, Na-
goya, Japan). Subjects were examined for the determina-
tion of best-corrected VA (BCVA) by an experienced op-
tometrist with a chart projector (HCP-7000; Huvitz,
Gyeonggi-do, Korea) at 6 meters distance. Then, BCVA,
based on the decimal scale of the Snellen VA chart, was
converted to a logarithm of the minimum angle of resolu-
tion (logMAR) for the statistical analysis. Moreover, NPA
and NPC were measured in each trimester (17). NPA was
measured using the "push-up" test in such a way that the
accommodative target would approach the dominant eye
until the patient reports a blurred vision. Then, the desired
distance from the external canthus was measured with the
ruler. To measure NPC using the "push up" test method,
the accommodative target binocularly approaches the eyes
until the patient reports diplopia or one or both eyes lose
their fixation. This distance was measured from the exter-
nal canthus to the point of interest as the NPC (17).
It should be noted that the spherical equivalent of refrac-
tive errors (SE was described as the spherical power in
addition to one-half of the cylinder power) was calculated
and the results were compared between the two eyes in
three periods of pregnancy. To avoid diurnal variation in
IOP, all tests were done between 4.00 pm and 6.00 am on
every visit by a single optometrist.

Data analyses were performed using SPSS version 22
(IBM Inc., New York, NY, USA). To check the normality
of the data the Kolmogorov— Smirnov test was done. The
data are reported as meantstandard deviation (SD). To
compare the ophthalmic data during pregnancy, repeated
measures analysis of variance (ANOVA) was performed.
A P <0.05 was considered to be statistically significant.

Results

According to Table 1, in either eye, SE changed to my-
opic shift (P-value for OD and OS, 0.049 and 0.020, re-
spectively). Furthermore, BCVA significantly decreased
in both eyes during pregnancy (P-value for OD and OS,
0.039 and 0.045, respectively). Our results showed no
significant change in NPA and NPC (P-value 0.385 and
0.801, respectively).

Mean+SD, range, and comparison of parameters during
pregnancy are shown in Table 1.

As shown in Figure 1, during pregnancy, in the right
and left eyes SE had a myopic shift from -0.13 to -0.35 D
and +0.096 to -0.23 D, respectively [p=0.049 and
p=0.020, respectively]. This means that the time has a
significant effect on the mentioned parameters.
Our results showed that NPA and NPC did not change
significantly during pregnancy (Fig. 2), [p=0.385, and
p=0.801, respectively]. This means that the time has no
significant effect on NPA and NPC.
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Table 1. Comparison of refractive, visual, accommodative, and vergence parameters during pregnancy

First trimester (n=25) Second trimester (n=25) Third trimester (n=25) P* value
Mean+SD Mean+SD Mean+SD
(Range) (Range) (Range)
SE, right eye (D) -0.13+0.43 -0.22+0.42 -0.35+0.42 0.049
(-0.75 to +1.00) (-0.88 to +0.75) (-0.96 to +0.75)
SE, left eye (D) 0.096+0.33 -0.11+0.41 -0.23+0.31 0.020
(-0.50 to +1.00) (-1.35 to +0.38) (-1.49 to +0.25)
NPA (cm) 11.53£3.31 11.87+2.64 12.02+2.43 0.385
9 to21) (9 to 18) (9 to 18)
NPC (cm) 9.20+1.52 7.87+2.03 8.13+2.07 0.801
(7t0 12) (5to 13) (5to 13)
BCVA, right eye (LogMAR) -0.13+0.02 0.00+0.03 0.00+0.05 0.039
(-0.14 to -0.10) (0.00 to 0.40) (0.00 to 0.60)
BCVA, left eye (LogMAR) -0.14+0.01 0.00+0.06 0.00+0.04 0.045
(-0.14 to -0.12) (0.00 to 0.70) (0.00 to 0.50)
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SE, spherical equivalent; D, diopter, Cm, centimeter; LogMAR, the logarithm of the minimum angle of resolution; BCVA, best-corrected visual acuity; SD, standard devia-
tion. * Repeated measures analysis of variance. Bold values are significant.
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Fig. 1. Changes in spherical equivalent during pregnancy. 1, 2, and 3: first, second, and third
trimesters, respectively.
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Fig. 2. Changes in near point of accommodation (NPA) and near the point of convergence (NPC)
during pregnancy. 1, 2, and 3: first, second, and third trimesters, respectively.

As shown in Figure 3, in the right and left eyes BCVA  respectively]. This means that the time has a significant
decreased during pregnancy from -0.13 to 0.00 and -0.14  effect on the mentioned parameters.
to 0.00 LogMAR, respectively [p=0.039, and p=0.045,
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Fig. 3. Changes in best-corrected visual acuity (BCVA) during pregnancy. 1, 2, and 3: first,

second, and third trimesters, respectively.

Discussion

Considering visual and ocular changes often occur dur-
ing pregnancy (5, 18), Our study aimed to evaluate the
refractive, visual, NPA, and NPC changes during preg-
nancy.
As shown in the current study, there was a progressive
significant myopic shift from the first to the third tri-
mesters in the right and left eyes. Also, a decrease in the
mean distance BCVA was observed in both eyes during
pregnancy. Although the distance BCVA decreased from
the first to the second trimesters, it did not change from
the second to the third trimesters. According to the results,
the mean NPA increased during pregnancy but its changes
were not significant. Furthermore, the mean NPC de-
creased from the first to the second trimesters and in-
creased from the second to the third trimesters. However,
these changes were not statistically significant.
There is numerous published literature with contradictory
results on the refractive changes during pregnancy (14, 15,
19-21). Similar to our findings, some authors have found
that the mean refractive error tends to myopic shift (19-
23). Lopez-Prats et al. (19) evaluated pregnant women
who had undergone corneal refractive surgery before
pregnancy and pregnant patients with non-surgically cor-
rected the refractive error as a study and control group,
respectively. In either group, a myopic shift was reported
which was more significant in the study group. They eval-
uated the refractive changes between the first and second
trimesters of the pregnancy period. Meanwhile, the current
study was performed across the three trimesters of preg-
nancy. It is noteworthy that most of the physiologic
changes that occur during pregnancy are usually more
significant in the third trimester than in other trimesters
because hormonal activity reaches its peak at this period
(6). Hefetz et al. (24) studied 8 pregnant women who had
undergone refractive surgery one year ago. They found
out that 2 of the 8 women developed myopic regression,
whereas the remaining 6 remained in a stable ocular con-
dition. Sharif et al., (21) conducted a study to evaluate the
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effect of pregnancy on refractive results after PRK. In this
study, three women

became pregnant at least 5 months after the laser refrac-
tive surgery, while the others became pregnant just one
month after the laser refractive surgery. They found out
that pregnancy would not have noticeable effects on re-
fractive results after PRK-type refractive surgery.
The changes in refractive error during pregnancy have
been attributed to increased levels of estrogen which ab-
sorb water (20). Corneal thickness increases due to exces-
sive hydration of the stroma. The excessive hydration oc-
curs because of the activation of estrogen receptors (13).
Accordingly, corneal thickening and edematization can
lead to myopic progression (9, 22). A previous study has
also attributed this refractive change to an increase in the
lens curvature following water absorption (25).

Classical belief states that pregnancy causes physiologi-
cal changes which can temporally increase the refractive
error (20, 26, 27) but inconsistent with the current study
results, several studies reported no significant changes in
refractive error during pregnancy (14, 15, 28-30). Fernan-
dez-Montero et al. (28) concluded that pregnancy had an
inverse association with the risk of myopia progression.
Their rationale for this finding is that the increased time
outdoors spent by women during their maternal leave and
the fewer times that they spent at work are more probable
explanations of the observed inverse association.

A few studies reported a hyperopic shift during preg-
nancy (31). Comprehensive evaluations showed central
serous chorioretinopathy (CSR) due to hormonal changes
in pregnancy causing the hyperopic shift (31). So, the
change in refractive situation could not have been due to
pregnancy-induced corneal thickness because the CCT
changes which occur during pregnancy cause a myopic
shift (26).

In addition to the refractive changes, variations in
BCVA were also evaluated during pregnancy (19, 20, 29).

Similar to the study performed by Mehdizadehkashi et
al. (16), the current study showed that distance BCVA
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significantly reduced during pregnancy. This did not agree
with several studies (19, 20, 29).

In the present study, distance BCVA decreased from the
first to the second trimesters, but it did not change from
the second to the third trimesters. This finding was similar
to a study conducted by Lopez-Prats et al. (19) It should
be mentioned that they did not evaluate the third trimester.
Our finding was not in the same line as several studies
which found that the BCVA decreases only in the second
and third trimesters (23, 32, 33).

The change in BCVA could be related to the increased
level of estrogen and aldosterone which leads to retention
of fluid in the cornea, thereby increasing CCT (20, 29).

Accordingly, the myopic shift could be responsible for
reduced BCVA found in pregnant women. It seems racial
differences, various study protocols, clinical characteris-
tics of the subjects, different sample sizes, and exclusion
criteria may cause different findings.

Although evidence demonstrated temporary loss of ac-
commodation capacity (13) during pregnancy, NPA and
NPC did not significantly change in the present study.
These findings were similar to the studies by Manges et al.
(15) and Millodot et al. (34) which report non-significant
changes in accommodative and vergence systems of preg-
nant women.

There are several limitations in the current study. We
evaluated changes during pregnancy without evaluating
post-pregnancy changes. Because most of the subjects did
not participate in the postpartum phase. Also, our study
was conducted on a limited sample size. It is recommend-
ed that changes should be evaluated after postpartum on
large sample size. Furthermore, there is a need for a more
comprehensive evaluation of accommodative and ver-
gence functions. It would have been better to topographic
and tomographic parameters of these patients as well. Al-
so, it is better to evaluate greater refractive error changes.

Conclusion

because of unstable refraction related to changes in cor-
neal thickness and curvature and crystalline lens, it is rec-
ommended to postpone changes in prescription, fitting of
contact lenses, and refractive surgeries until several weeks
postpartum.
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