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Abstract
·AIM: To investigate choroidal thickness in pregnant
women and compare the measurements with those of
normal nonpregnant women.

· METHODS: Using enhanced depth imaging optical
coherence tomography (EDI -OCT), choroidal thickness
was measured at the fovea and at 1 mm and 3 mm
superior, inferior, temporal, and nasal to the fovea in
both healthy pregnant women and nonpregnant women.
Pearson correlation analysis was performed to evaluate
the relationships between subfoveal choroidal thickness
(SFCT) and the demographic and ocular parameters.
Pooled odds ratio (OR) and 95% confidence interval (CI)
were calculated using fixed -effects model when Meta -
analyses were conducted.

·RESULTS: Comparison of choroidal thickness between
the groups showed that it was significantly greater in
healthy pregnant women's eyes than in normal
nonpregnant women's eyes at all locations except at 3 mm
superior and 3 mm temporal from the fovea ( <0.05).
The mean SFCT was 344.13依50.94 滋m in healthy pregnant
women's eyes and 315.03依60.57 滋m in normal nonpregnant
women’s eyes, with a statistically significant difference
( =0.008). Pearson correlation analysis showed that age
and axial length were significantly related to SFCT in
healthy pregnant women, normal nonpregnant women,
and all subjects. The results of our cross-sectional study
were consistent with the results of the further Meta -
analysis, with a pooled weighted mean difference (WMD)
of 33.66 滋m (95% CI: 26.16 to 41.15) for SFCT.

· CONCLUSION: Our results, along with the
comprehensive Meta -analysis, suggest that choroidal
thickness in healthy pregnant women is greater than that
in normal nonpregnant women.
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coherence tomography
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INTRODUCTION

P regnant women undergo many metabolic and
anatomical physiological changes to accommodate the

physiological stress on their bodies [1]. Several studies have
reported that most important organs of the body are affected
by these changes, including the eyes [2]. Numerous studies
have demonstrated that pregnancy gives rise to several
physiological ophthalmic changes, such as modifications to
intraocular pressure (IOP) [3], a progressive decrease in
corneal sensitivity, an increase in central corneal thickness
(CCT) and curvature[4-5], and ocular blood flow changes[6]. As
we all know, the choroid were mainly composed of the
vascular tissue supplying the most of blood flow of ocular.
Recent research has focused on choroidal modification as a
key example of the physiological changes involved in the
pathophysiology of pregnancy[7-8].
Choroidal thickness may be an important parameter for
investigating pathogenesis in the choroid. In recent years, the
development of enhanced depth imaging (EDI) has enabled
choroidal examination with optical coherence tomography
(OCT), which measures choroidal thickness more accurately,
safely, and simply than other methods[9-12]. To date, a number
of researchers have examined choroidal thickness in
pregnant women to understand choroidal blood circulation
during pregnancy [8,13-16]. However, whether or not choroidal
thickness changes in pregnant women remains controversial.
For example, Takahashi [16] found that choroidal
thickness was not significantly different between healthy
pregnant women and normal nonpregnant women, whereas
Kara 's[15] study had inconsistent results. Whether or not
choroidal thickness changes in pregnant women with
preeclampsia also remains controversial. Thus, the possible
association between choroidal thickness and pregnancy
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remains unclear, which justifies the need for more studies on
this issue.
In this study, we first conducted a cross-sectional study and
then performed a Meta-analysis to evaluate macular
choroidal thickness in pregnant women and normal
nonpregnant women.
SUBJECTS AND METHODS
Subjects and Enrollment Criteria We conducted this
observational, cross-sectional study of healthy pregnant
women at Zhujiang Hospital. It was approved by the Ethical
Review Committee of Zhujiang Hospital and adhered to the
provisions of the Declaration of Helsinki for research
involving human subjects. Written informed consent was
obtained from the participants before the study began. All
the subjects were from Chinese Han population, and they
were prospectively and consecutively recruited for this study
between September 2014 and March 2015.
For the healthy pregnant women group, the inclusion criteria
were as follows: 1) women at weeks 28-38 of gestation; 2)
women whose eyes had a spherical equivalent (SE) between
-3 diopter (D) to 3 D; 3) women whose eyes had clear ocular
media; 4) a clear image was obtained to enable precise
measurement of the choroidal thickness. The exclusion
criteria were as follows: 1) pregnant women who had a history
of intraocular surgery, refractive surgery, or intravitreal
injection; 2) pregnant women with any systemic and ocular
disease except for mild ametropia; 3) pregnant women who
had developed gestational diseases, such as diabetes,
preeclampsia, or eclampsia. In the normal nonpregnant
women group, we included subjects without any systemic and
ocular disease except for mild ametropia and those whose
eyes had a SE between -3 D to 3 D.
Examination Each subject underwent a comprehensive
ophthalmologic examination, including best corrected visual
acuity, IOP measurement (applanation tonometry), slit-lamp
biomicroscopy, color fundus photography (Canon, Retinal
Camera CR-DGi, Japan), axial length (AL) and anterior
chamber depth measurement (IOL-Master, Carl Zeiss
Meditec, La Jolla, CA, USA), ophthalmoscopy fundus
examination, B-scanning, refractive error measurement
(KR-8900 version 1.07, Topcon Corporation, Tokyo, Japan),
and CCT measurement. Each subject's age and blood
pressure at the time of imaging were collected.
Enhanced Depth Imaging -Optical Coherence
Tomography Examination The choroidal images of
spectral domain OCT with EDI mode were obtained using
the Heidelberg Spectralis (Heidelberg Engineering,
Heidelberg, Germany), as described previously [12]. In brief,
the vertical and horizontal sections going directly through the
center of the fovea were used for final analysis. Choroidal
thickness was determined as the vertical distance from the
hyperreflective line of the hyperreflective retinal pigment

epithelium (RPE) to the line of the inner surface of the
sclera. Choroidal thicknesses were measured at the subfovea,
1 mm and 3 mm, nasally, temporally, superiorly, and
inferiorly. Measurements were performed in a masked
fashion by two independent experienced OCT readers. The
values of the measurements were compared for each
observer and then averaged for analysis. One eye (right eye)
per patient was selected for measurement. Because of the
diurnal fluctuation of choroidal thickness [17], all EDI-OCT
examinations were performed between 9:00 a.m. and 11:00 a.m.
Statistical Analysis All statistical analyses were performed
using SPSS version 17 (SPSS Inc., Chicago, IL, USA). All
data are expressed as mean依standard deviation. Comparisons
between healthy pregnant women and normal nonpregnant
women were performed using independent -tests for
normally distributed variables. Pearson correlation analysis
was performed to evaluate the relationships between
subfoveal choroidal thickness (SFCT) and the demographic
and ocular parameters. For all the tests, <0.05 was
considered significant.
Meta-analysis A literature search of PubMed, ISI Web of
Science, and EMBASE was performed to identify relevant
studies. The following keywords were used in the search:
gravida, pregnant, gestation, choroidal thickness, choroid.
The websites of professional associations and Google
Scholar were searched for additional information. Once
relevant articles were identified, their reference lists were
searched for additional articles. When our search identified
several studies published by the same population, the most
recent study was included. The final literature search was
updated on May 2015, with no restrictions on publication
year, language, or methodology.
In the Meta-analysis, the following inclusion criteria were
used: 1) study type: cross-sectional or case-control design; 2)
choroidal thickness measured by EDI-OCT; 3) comparison
of macular choroidal thickness between pregnant and normal
nonpregnant women. Editorials, letters to the editor, review
articles, case reports, meeting abstracts, and animal
experimental studies were excluded. Two reviewers
independently extracted data from the included studies using
a standardized data extraction form: first author, year of
publication, number of pregnant women and controls,
gestation week, trimester, and status of pregnant woman.
Any discrepancies were addressed by conducting a
discussion to reach a consensus.
Weighted mean differences (WMDs) were used to compare
choroidal thickness between pregnant and normal
nonpregnant women. All outcomes were reported with a
95% confidence interval (CI). Statistical heterogeneity
between studies was assessed using a Chi-squared test, and
the quantity of heterogeneity was evaluated using the 2

statistic. The WMD were calculated by fixed-effect model or
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random-effect model depending on the significance of
heterogeneity. The statistical heterogeneity was considered
insignificant when 2<50% [18-19]. To explore the source of
heterogeneity, subgroup analyses were performed according
to trimester, instrument used, and status of pregnant woman.
To evaluate the influence of an individual dataset on the
pooled results, a sensitivity analysis was performed to delete
one single study at a time, and the combined estimates were
recalculated based on the remaining studies. Potential
publication bias was evaluated using Begg's test and Egger's
test [20-21]. <0.05 was considered statistically significant. All
statistical analyses were performed using Stata (version 12;
Stata Corp., College Station, Texas, USA).
RESULTS
Demographic and Baseline Characteristics of the
Subjects A total of 71 eyes of 71 normal nonpregnant
women and 46 eyes of 46 healthy pregnant women on which
OCT scans were conducted and for which clear images were
acquired were included in the study. The mean age was
27.87 依3.65y for normal nonpregnant women and 28.43 依
3.15y for healthy pregnant women. The mean SEs of the
normal nonpregnant women's eyes and the healthy pregnant
women's eyes were -1.04依1.17 D and -0.95依1.12 D, respectively.
The mean ALs were 23.92依0.62 mm and 24.11依0.68 mm,
respectively. The mean number of gestation weeks was
30.20依1.63wk for healthy pregnant women. The mean age,
IOP, SEs, AL, anterior chamber depth, CCT, diastolic blood
pressure, systolic blood pressure, diastolic ocular perfusion
pressure, systolic ocular perfusion pressure, and mean ocular
perfusion pressure of the two groups did not differ
significantly. The demographic and baseline characteristics
of the patients are summarized in Table 1.
Macular Choroidal Thickness Measurements The mean
SFCT was 315.03依60.57 滋m in normal nonpregnant women
and 344.13 依50.94 滋m in healthy pregnant women, with a
statistically significant difference ( =0.008). For both
groups, SFCT and thickness in the superior, nasal, inferior,
and temporal quadrants 1 mm and 3 mm from the fovea are
shown in Table 2. Macular choroidal thickness was
significantly greater in healthy pregnant women than in
normal nonpregnant women at all locations except for 3 mm
superior and 3 mm temporal from the fovea.
Factors Associated with Subfoveal Choroidal Thickness
Table 3 shows the results of the Pearson correlation analysis
of SFCT. Pearson correlation analysis showed that age and
AL were significantly related to SFCT in healthy pregnant
women, normal nonpregnant women, and all subjects. None
of the other variables were significantly associated with
SFCT in healthy pregnant women, normal nonpregnant
women, or all subjects.

Eligible Articles for Meta -analysis In order to obtain
more information about the difference in choroidal thickness
between pregnant women and normal nonpregnant women,
we performed a Meta-analysis. A total of 38 papers were
identified by our literature search, of which 23 were
excluded as duplicate studies and 7 were excluded based on
titles and abstracts. Thus, eight studies were included in the
Meta-analysis [7-8,13-16,22-23]. Of these eight articles, Atas 's[8]

and Sayin 's [23] studies involved two types of pregnant
women (healthy pregnant women and pregnant women with
preeclampsia), and Goktas 's [7] study involved two
trimesters (first and third). We grouped the different types of
pregnant women and different trimesters into separate
datasets. In another article [13], the authors separated the data
into that for right eyes and that for left eyes and included
pregnant women in two trimesters (first and third). We
assumed that the right eyes with different trimesters and the
left eyes with different trimesters were the subjects in four
datasets. Overall, 14 datasets plus the present dataset were
selected for Meta-analysis.
Characteristics of the Included Studies The eight studies
plus the present study, which represented a total of 489
pregnant women's eyes and 435 normal nonpregnant women's
eyes, were included in the Meta-analysis. Among these studies,
six originated from Turkey, one from the United States, one
from Japan, and one from China. The main characteristics of
the included studies are presented in Table 4.
Meta-analysis Results Fifteen datasets were identified that
reported results on comparison of SFCT between pregnant
women and normal nonpregnant women, with a WMD of
33.66 滋m (95% CI: 26.16 to 41.15). Among the studies,
statistically significant heterogeneity was detected ( =0.036;

2=43.8% ).The results of the pooled WMD and the
heterogeneity test of the Meta-analysis are presented in

Table 1 Clinical characteristics in study subjects                
Characteristic Control Normal 

pregnant P 

No. of patients (eyes) 71 (71) 46 (46) - 
Age (a) 27.87±3.65 28.43±3.15 0.394a 

Gestation week (wk) - 30.20±1.63 - 
IOP at imaging (mm Hg) 15.11±3.59 14.39±2.73 0.224a 

Spherical equivalent (D) -1.04±1.17 -0.95±1.12 0.676a 

Axial length (mm) 23.92±0.62 24.11±0.68 0.125a 

Anterior chamber depth (mm) 3.07±0.49 3.13±0.49 0.610 
CCT (μm) 542.18±33.30 539.52±32.28 0.670a 
DBP (mm Hg) 73.45±6.95 72.70±6.32 0.553 a 

SBP (mm Hg) 117.72±11.23 116.00±9.07 0.613 a 

Diastolic OPP (mm Hg)1 58.34±7.77 58.30±7.09 0.978a 

Systolic OPP (mm Hg)2 102.61±11.35 101.61±8.88 0.613 a 

Mean OPP (mm Hg) 3 73.10±7.30 72.74±6.06 0.781 a 

SD: Standard deviation; IOP: Intraocular pressure; D: Diopter; CCT: Central 
corneal thickness; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; 
OPP: Ocular perfusion pressure. aIndependent sample t-test; 1,2Calculated as the 
differential pressure between diastolic or systolic blood pressure and IOP; 
3Calculated as the differential pressure between mean BP and IOP [mean 
BP=DBP+1/3×(SBP-DBP)]. 
 

sx ±
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Table 5 and Figure 1. Considering that OCT precision was
10 滋m, this difference could have been caused by instrument
error. We then stratified the studies based on the instrument
used. Subgroup analysis showed that a different examination
instrument obtained similar results. In addition, several
studies included women in both the first and third trimesters
of pregnancy, which could have affected choroidal thickness.
Therefore, we also stratified the studies according to
trimester. The results showed that women in the first
trimester of pregnancy and those in the third trimester had
similar choroidal thickness. Notably, some studies included
pregnant women with preeclampsia, and the different study
on SFCT of pregnant with preeclampsia had the opposite
conclusion. Thus, we stratified the studies again according to
the presence or absence of preeclampsia. The subgroups
showed that SFCT in healthy pregnant women was
significantly greater than in normal nonpregnant women.
However, SFCT in pregnant women with preeclampsia was
not significantly different from SFCT in normal nonpregnant
women, with a WMD of 17.82 滋m (95% CI: -1.17 to 36.82).
Detailed information about the subgroups is presented in
Table 5.

Sensitivity Analysis and Publication Bias To evaluate the
robustness of the pooled results, single studies in the
Meta-analysis were deleted in turn to reflect the influence of
individual studies on the pooled estimates. The
corresponding estimates before and after the deletion of any

Table 2 Average choroidal thickness and 95% CI at different locations in macula 
Normal pregnant Control 95%CI (μm) Location 

(mm from fovea) Mean (μm) SD (μm) Mean (μm) SD (μm) 
Mean difference 

(μm)1 Lower bound Upper bound 
P 

SFCT 344.13 50.94 315.03 60.57 29.10 7.73 50.47 0.008 
Superior 1 mm 302.32 54.18 269.67 79.04 32.65 6.26 59.03 0.009 
Superior 3 mm 283.95 48.79 264.56 67.39 19.39 -3.40 42.18 0.095 
Inferior 1 mm 269.52 58.81 243.73 77.30 25.79 0.78 50.80 0.043 
Inferior 3 mm 237.80 44.18 215.07 66.34 22.73 2.49 42.97 0.028 
Nasal 1 mm 269.67 61.82 240.74 79.26 28.92 2.97 54.88 0.029 
Nasal 3 mm 190.56 56.59 165.63 69.83 24.93 1.62 48.23 0.045 
Temporal 1 mm 280.97 51.55 256.55 66.94 24.42 2.64 42.61 0.028 
Temporal 3 mm 243.32 47.18 227.60 51.12 15.72 -2.59 34.03 0.097 

CI: Confidence interval; SD: Standard deviation; SFCT: Subfoveal choroidal thickness. 1Normal group as reference. 

Table 3 Association between subfoveal choroidal thickness with other factors 
Healthy pregnant Normal nonpregnant women All 

Factors 
r P r P r P 

Age (a) -0.416 0.015 -0.320 0.036 -0.197 0.033 
IOP at imaging (mm Hg) 0.034 0.821 0.053 0.659 0.020 0.831 
Spherical equivalent (D) -0.245 0.100 0.076 0.529 -0.023 0.807 
Axial length (mm) -0.337 0.022 -0.274 0.046 -0.258 0.005 
ACD (mm) 0.012 0.938 0.172 0.152 0.123 0.185 
CCT (μm) 0.255 0.087 0.103 0.391 0.141 0.130 
DBP (mm Hg) -0.023 0.643 -0.072 0.551 -0.295 0.135 
SBP (mm Hg) -0.014 0.925 0.177 0.141 0.095 0.309 
Diastolic OPP (mm Hg) -0.039 0.754 -0.089 0.461 -0.083 0.403 
Systolic OPP (mm Hg) -0.025 0.868 0.158 0.188 0.089 0.342 
Mean OPP (mm Hg) -0.217 0.132 0.019 0.877 -0.089 0.340 
Gestation week 0.040 0.794 - - - - 

IOP: Intraocular pressure; D: Diopter; CCT: Central corneal thickness; DBP: Diastolic blood pressure; SBP: 
Systolic blood pressure; OPP: Ocular perfusion pressure. 

Figure 1 Forest figure of all studies comparing subfoveal
choroidal thickness in pregnant women and those in normal
nonpregnant women.
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Table 4 Characteristics of included studies 

First author (year) Location CT Instrument Age (a)1 Gestation 
(wk) Trimester Pregnant 

No. eyes  
(normal pregnant 

/control) 
Takahashi[16] (2013) Japan SFCT Spectralis 30.4/30.0 31.0±3.2 Third trimester Healthy pregnant 25/27 
Sayin[23](2014) Turkey SFCT Cirrus-HD OCT 30.2/28.1 28.0±5.8 Third trimester Healthy pregnant 46/40 
Sayin[23](2014) Turkey SFCT Cirrus-HD OCT 30.5/30.2 29.7±5.5 Third trimester Preeclampsia 33/40 
Goktas[7](2014) Turkey SFCT Spectralis 26.9/29.4 33.1±2.8 Third trimester Healthy pregnant 30/30 
Goktas[7](2014) Turkey SFCT Spectralis 28.5/29.4 7.4±2.6 First trimester Healthy pregnant 30/30 
Garg[14](2014) USA SFCT Spectralis 32.7/37.9 32.5±4.9 Third trimester Preeclampsia 15/19 
Kara[15](2014) Turkey SFCT Cirrus-HD OCT 21.6/22.0 27.3±6.6 Third trimester Healthy pregnant 100/100 
Atas[8](2014) Turkey SFCT Spectralis 27.7/29.0 31.37±4.9 Third trimester Healthy pregnant 25/26 
Atas[8](2014) Turkey SFCT Spectralis 30.8/29.0 38.35±3.1 Third trimester Preeclampsia 27/26 
Ulusoy[22](2015) Turkey SFCT Spectralis 28.0/27.4 31.97±3.77 Third trimester Healthy pregnant 58/72 
Dadaci[13] (2015)2 Turkey SFCT Cirrus-HD OCT 28.9/29.2 35.1±1.9 Third trimester Healthy pregnant 27/25 
Dadaci[13](2015)3 Turkey SFCT Cirrus-HD OCT 28.9/29.2 35.1±1.9 Third trimester Healthy pregnant 27/25 
Dadaci[13](2015) 2 Turkey SFCT Cirrus-HD OCT 28.9/29.2 6.8±0.8 First trimester Healthy pregnant 27/25 
Dadaci[13](2015) 3 Turkey SFCT Cirrus-HD OCT 28.9/29.2 6.8±0.8 First trimester Healthy pregnant 27/25 
Present (2015) China SFCT Spectralis 28.4/27.8 30.2±1.63 Third trimester Healthy pregnant 46/71 

CT: Choroidal thickness; SFCT: Subfoveal choroidal thickness; OCT: Optical coherence tomography. 1Normal pregnant /control; 2Data from the 
right eye; 3Data from the left eye. 

single study was generally similar, suggesting high stability
in the Meta-analysis results. In addition, the sensitivity
analysis revealed that two studies, by Sayin [23] and
Ulusoy [22], were the main origin of heterogeneity. The

2 significantly declined from 43.8% to 26.7% ( =0.168)
after removing the study by Sayin [23] and to 1.7% ( =
0.431) after removing the study by Ulusoy [22] (Table 6).
Begg's test ( =0.621) and Egger's test ( =0.495) were
conducted to quantitatively assess the publication bias of the
included studies. No significant publication bias was observed.
DISCUSSION
Pregnancy is a special period in which great physiological
and pathological changes occur, including immunological,
hormonal, metabolic, and cardiovascular changes[1]. Vascular
changes are particularly notable. Researchers have reported
that during pregnancy, vascular resistance begins to decrease
during early gestation due to hormonal changes [24-25];
decreased vascular resistance may increase blood flow in organs. As is well known, the choroid is a highly vascular

Table 5 Pooled estimates of all studies comparing subfoveal choroidal thickness in normal pregnant eyes with normal control eyes 
Test for heterogeneity Test for overall effect 

Subgroup  No. of studies WMD (fixed) (95%CI) 
I2 (%) P Z P 

All 15 33.66 (26.16, 41.15) 43.8 0.036 8.80 <0.001 
Trimester       

First trimester 3 51.70 (36.09, 67.30) 60.3 0.080 6.49 <0.001 
Third trimester 12 28.25 (19.70, 36.80) 16.5 0.282 6.48 <0.001 

Instrument       
Spectralis 8 43.21 (32.42, 53.99) 47.0 0.067 7.85 <0.001 
Cirrus-HD OCT 7 24.74 (14.32, 35.16) 0.00 0.438 4.65 <0.001 

Pregnant       
Healthy pregnant 12 36.58 (28.42, 44.74) 34.9 0.111 8.79 <0.001 
Preeclampsia 3 17.82 (-1.17, 36.82) 58.7 0.089 1.84 0.066 

WMD: Weighted mean differences; CI: Confidence interval; OCT: Optical coherence tomography. 

Table 6 Sensitivity analysis of the Meta-analysis 
Fixed effects model Test of homogeneity 

Study excluded WMD 95%CI Q I2 (%) P 

None 33.66 26.16, 41.15 24.89 43.8 0.036 
Takahashi[16] (2013) 34.46 26.87, 42.04 23.17 43.9 0.040 
Sayin[23] (2014) 33.65 25.84, 41.45 24.89 47.8 0.024 
Sayin[23] (2014) 36.68 28.86, 44.50 17.73 26.7 0.168 
Goktas[7] (2014) 33.68 26.05, 41.32 24.89 47.8 0.024 
Goktas[7] (2014) 33.87 22.26, 41.49 24.79 47.6 0.025 
Garg[14] (2014) 33.19 25.63, 40.74 23.98 45.8 0.031 
Kara[15] (2014) 33.60 25.27, 41.93 24.89 47.8 0.024 
Atas[8] (2014) 32.09 24.40, 39.77 21.54 39.6 0.063 
Atas[8] (2014) 33.82 26.09, 41.55 24.86 47.7 0.024 
Ulusoy[22] (2015) 28.56 20.51, 36.60 13.22 1.7 0.431 
Dadaci[13] (2015) 34.54 26.87, 42.21 23.75 45.3 0.034 
Dadaci[13] (2015) 34.50 26.82, 42.17 23.90 45.6 0.032 
Dadaci[13] (2015) 33.80 26.15, 41.45 24.86 47.7 0.024 
Dadaci[13] (2015) 33.78 26.13, 41.43 24.87 47.7 0.024 
Present (2015) 34.37 26.31, 42.43 24.67 47.3 0.026 
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structure and has one of the highest ratios of blood flow to
tissue volume in the body [26]. We speculate that decreased
vascular resistance and the subsequent increase in blood flow
in choroidal vessels play a role in the increase of choroidal
thickness in pregnant women. Based on this speculation, we
conducted a cross-sectional study and performed a
Meta-analysis to evaluate macular choroidal thickness in
pregnant women and normal nonpregnant women.
The results of the present study showed that the mean SFCT
in healthy pregnant women was 344.13依50.94 滋m, whereas
the mean SFCT in normal nonpregnant women was 315.03依
60.57 滋m. Choroidal thickness in healthy pregnant women
was significantly greater than in normal nonpregnant women.
These results are consistent with most previous studies [8,15,23].
They are also supported by the results of our Meta-analysis,
which showed that SFCT in healthy pregnant women was
significantly greater than in normal nonpregnant women,
with a pooled WMD of 36.58 滋m (95%CI: 28.42 to 44.74).
More importantly, the present study used strict recruitment
and exclusion criteria. Our data are highly comparable in
terms of the patients recruited, with the demographic and
baseline characteristics of the groups closely matched. Based
on the data, we conclude that macular choroidal thickness in
healthy pregnant women is greater than in normal
nonpregnant women, which is consistent with what we
speculated. However, one study[16], whose subjects comprised
25 healthy pregnant women and 27 nonpregnant women,
showed that choroidal thickness was not significantly
different between healthy pregnant women and nonpregnant
women. This difference may be attributable to the small
number of subjects in Takahashi 's [16] study. It is
important to note that in the present study, we measured
choroidal thickness in the macular region of nine locations
and found that at most locations, choroidal thickness in
healthy pregnant women was greater than in normal
nonpregnant women, which indicates that the choroid is
thickened diffusely in healthy pregnant women.
In this study, the Pearson correlation analysis showed that
the mean choroidal thickness within the macula has a
negative correlation with axial length and age in both healthy
pregnant women and normal nonpregnant women. These
correlations are consistent with the findings of previous
studies with respect to healthy subjects[27-29]. The result of our
study implied that despite the increase of choroidal thickness
in healthy pregnant women, the overall trend of
physiological change is toward equilibrium.
We also performed a Meta-analysis to evaluate the difference
in SFCT between pregnant women and normal nonpregnant
women. The pooled results showed that a significant
difference in SFCT was detected between pregnant and
normal nonpregnant women, with a WMD of 33.66 滋m
(95% CI: 26.16 to 41.15). Our significant findings were
reflected in the Meta-analysis. In the Meta-analysis, some

studies included pregnant women with preeclampsia, which
is characterized by systemic vascular changes leading to
new-onset hypertension [30]. We therefore stratified the
pregnant women group into a healthy pregnant women
subgroup and a preeclampsia subgroup. Interestingly, the
pooled results showed that choroidal thickness in healthy
pregnant women was greater than in normal nonpregnant
women but that it is not greater in pregnant women with
preeclampsia than in normal nonpregnant women. Regarding
this finding, it has been shown that in the case of
preeclampsia, blood pressure is always elevated and systemic
vascular resistance is increased, which might impact blood
flow into the choroid and affect choroidal thickness.
Furthermore, as a previous study showed, plasma volume
expansion and blood volume increase starts in the first
trimester and reaches maximum levels in the third trimester[31].
The studies included in the Meta-analysis contained different
trimesters, which might have affected choroidal thickness.
However, the stratification analysis showed that different
trimesters exhibited similar results, which are less prone to
chance results and indicate the robustness of our findings. In
addition, in order to gain reliable results, sensitivity analyses
were performed by excluding each individual study in turn.
This procedure did not greatly change the pooled results,
which supported the reliability and the stability of this
Meta-analysis.
We first conducted a cross-sectional study and then
performed a Meta-analysis to evaluate macular choroidal
thickness in pregnant women and normal nonpregnant
women. Nevertheless, we recognize that the Meta-analysis
has some limitations. First, significant heterogeneity existed
in the studies. However, the sensitivity analysis found that
two studies were the main source of this heterogeneity, and
when we excluded them, the remaining studies still showed
similar results. Second, the eligibility criteria for inclusion of
cases were different among the studies. For instance, some
studies included first-trimester data, whereas others included
third-trimester data. However, subgroup analyses by
trimester did not alter the pooled results. Third, the
measurements of choroidal thickness were performed
manually in the studies, and automated software is required
for a more objective evaluation. However, previous research
has demonstrated that choroidal thickness measurement
using EDI-OCT is highly reproducible and repeatable [32-33].
Fourth, since the subjects in this study were all young adults,
there was a lack of data from older subjects. However, the
young pregnant adults had the basic characteristics of
choroidal thickness typically found in pregnant women.
Despite these limitations, this study has some important
advantages. First, it is the first synthesis to explore choroidal
thickness in pregnant women and provides the most
up-to-date information in this area. Second, the results of our
cross-sectional study were consistent with those of the
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corresponding Meta-analysis. Third, our results are less
prone to selection and publication bias, which ensures that
the conclusions are more objective and reliable.
Taken together, our results and the comprehensive
Meta-analysis suggest that choroidal thickness in pregnant
women is greater than in normal nonpregnant women, even
across different subgroups.
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