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Gestational diabetes mellitus (GDM) is a risk factor for the development of type Il diabetes and it causes ma-
ternal and child morbidity. Screening for diabetic retinopathy (DR) is important because patients who develop
DR have no symptoms until macular edema and/or proliferative diabetic retinopathy (PDR) are already pres-
ent. The aim of this study was to determine the early retinal findings of GDM.

This study was conducted in a tertiary research center. We conducted a prospective cross-sectional study with
3 groups: Group 1 consisted of 36 pregnant women with GDM, Group 2 consisted of 24 healthy pregnant wom-
en, and Group 3 consisted of 38 healthy non-pregnant women of reproductive age. Spectralis optical coher-
ence tomography (OCT) was used for the assessment. Macular, choroid, and retinal nerve fiber layer (RNFL)
thicknesses were evaluated in patients with GDM and comparisons were made among pregnant women with
GDM, healthy pregnant women, and healthy non-pregnant women for these parameters.

The nasal part of the RNFL was significantly thinner in the GDM group than in the healthy pregnant group.
None of the patients had retinopathy or macular edema at the time of examination.

Decreased nasal part of RNFL thickness may be the first retinal change in patients with GDM. Our study sug-
gests that OCT should be performed for the patients with GDM for detection of early retinal changes associat-
ed with GDM.
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Background

Gestational diabetes mellitus (GDM) is a risk factor for the de-
velopment of type Il diabetes and is responsible for both ma-
ternal and child morbidity. Placental secretion of diabetogenic
hormones, including growth hormone, corticotropin-releasing
hormone, placental lactogen, and progesterone, is mainly at-
tributable to development of GDM. The prevalence of GDM re-
ported in the literature ranges from 2% to 9% [1].

Screening for diabetic retinopathy (DR) is important because
patients who develop DR have no symptoms until macular ede-
ma (ME) and/or proliferative diabetic retinopathy (PDR) are al-
ready present. Proliferative diabetic retinopathy and ME are ma-
jor leading causes of blindness in the young population [2,3].

The American College of Obstetricians and Gynecologists
(ACOG), the American Diabetes Association (ADA), and the Fifth
International Workshop Conference on Gestational Diabetes
[4-6] recommend long-term follow-up of women with GDM.
However, reports in the literature present no consistent guide-
lines about when GDM screening should begin. Professional
organizations recommend that diabetes screening for wom-
en with GDM should occur around the time of the first post-
partum visit [7-9], whereas the ADA recommends screening
at 6-12 weeks after delivery.

There is no data about early retinal findings of GDM. To the best
of our knowledge, this is the first published study comparing
macular and peripapillary nerve fiber layer (RNFL) and choroi-
dal thickness changes among GDM patients, healthy pregnant
women, and healthy non-pregnant women. Optical coherence
tomography (OCT) is a non-invasive imaging technique that can
measure retinal layers with a resolution of 3-10 microns [10].

The present study aimed to examine macular, peripapillary RNFL

and choroidal thickness changes in patients with GDM and to
compare them to healthy pregnant and non-pregnant subjects.

Material and Methods

This prospective, controlled trial was managed in Kayseri
Education and Research Hospital of Medicine. Written informed
consent form was obtained from each patient. This study con-
formed to the Declaration of Helsinki, and was approved by the
Erciyes University Ethics Committee (no. 2013/064). The study
is conducted with 3 groups: Group 1 consisted of 36 pregnant
women with GDM, Group 2 consisted of 24 healthy pregnant
women, and Group 3 consisted of 38 healthy non-pregnant
women of reproductive age. All pregnant women in Group 1
and 2 were after 24" weeks of gestation and none had any
medical or obstetrical problems except GDM.
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Our diagnostic criteria for GDM was similar to that of the
National Diabetes Data Group (NDDG), which include a 2-step
approach, as still endorsed by the ACOG, which may be used
at 24-28 weeks — a 1-h 50 gr OGTT, and if the first test result
is positive (>7.8 mmol/L), a 3-h 100 gr OGTT test is necessary
for final diagnosis. Glucose concentration greater than or equal
to cut-off values (105, 190, 165, and 145 mg/dL (5.8, 10.6, 9.2,
and 8.0 mmol/L), respectively, at 2 or more time points indi-
cates a positive test result.

The study was carried out with 3 groups. The first group con-
sisted of 36 singleton-pregnant women after 24 weeks of
gestation who were diagnosed with GDM according to NDGG
Criteria, had no physical disease but diabetes, and did not re-
ceive any treatment (such as insulin) before the study. The sec-
ond group consisted of 24 healthy singleton-pregnant wom-
en after 24 weeks of gestation. The third group consisted of
38 healthy non-pregnant women of reproductive age. The ex-
clusion criteria for all groups were as follows: all types of hy-
pertensive disease, renal disease, vascular disease, arteritis,
and auto-immune disease, multiple pregnancies, and any us-
ing medication. We also excluded women who had ocular sur-
gery, ocular trauma, glaucoma, cystoid macular edema, mac-
ular degeneration, optic atrophy, intraocular pressure higher
than 21 mmHg, cataract, best corrected visual acuity worse
than 20/30, high spherical (+3) or cylindrical (+2) diopters re-
fractive errors, or uveitis.

Following detailed ophthalmologic examination, a Spectralis
OCT (Heidelberg Engineering, Dossenheim, Germany) device
was used for the evaluation without pupillary dilatation and
under the same intensity of dim room lighting. The SD-OCT as-
sessments involved in the study were performed by the same
specialist (MA). Macular map analysis protocol was select-
ed to display each of the 9 subfields as defined by the Early
Treatment Diabetic Retinopathy Study (ETDRS) group [12].
The average of all points within the inner circle of 1-mm radi-
us was defined as the central foveal subfield (CSF) thickness.
The central point, which is an average of 6 radial scans at the
foveola, was defined as the central point thickness (CPT) and
was recorded for each of the subjects.

The peripapillary RNFL thickness parameters that were auto-
matically calculated by the SD-OCT and divided into regions:
temporal quadrant, temporal superior quadrant, nasal superi-
or quadrant, nasal quadrant, nasal inferior quadrant, temporal
inferior quadrant, and average thickness. Non-centered and
low-quality scans were excluded from the study.

Diagnostic method of EDI OCT scans have been reported pre-
viously [11]. The choroid was screened by positioning the SD-
OCT device close enough to the eye to obtain an inverted im-
age. This image is averaged for 100 scans using the automatic
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Table 1. Evaluation of macular and choroidal thickness in non-pregnant healthy women, healthy pregnant and GDM.

Healthy women

Variab
ariables (n=76)

Healthy pregnant
(n=48)

CSF 265.09+21.67° 255.58+17.54° 252.53+18.7° <0.001
smo 34376:1305 34286:1145 3381481606 0059
o 3353741302 333045144 285421755 0031
m 375341357 33746:1193 3347561584 04sa
M 357861414 332216149 205761755 0055
som 2965541571 3005641092 2074341499 0257
ctom 2098482325 3021242035 2967142238 0279
oM 29136£1587 2033741132 2891341394 0233
Nom 981142321 3001141998 29696:2307 0727
CFovealcenter 245943010 213841682 2264:1408 0009
CChood 32249:65580 3937766183 67546272 w001

Values are expressed as mean +SD. Different superscripts in a row indicate statistically significant difference. CSF — central subfield;
IIM = inferior inner macula; IOM — inferior outer macula; NIM — nasal inner macula; NOM — nasal outer macula; SIM — superior inner
macula; SOM - superior outer macula; TIM — temporal inner macula; TOM — temporal outer macula.

averaging and eye tracking features. Seven sections, each com-
prising 100 averaged scans, were obtained in a 5x30-degree
rectangle encompassing the macula and optic nerve, and the
horizontal section going directly through the center of the fo-
vea was selected. The choroid was measured from the out-
er portion of the retinal pigment epithelium (RPE) to the in-
ner surface of the sclera. Choroidal thickness was evaluated
by the same author (MA) without knowledge of subject group.

Statistics analysis

The Kolmogorov-Smirnov test was used and histogram and g-q
plots were examined to assess the data normality. The Levene
test was used to assess the variance homogeneity. A 2-sid-
ed independent samples t test and 1-way analysis of variance
(ANOVA) was applied to compare the differences between con-
tinuous variables. Welch test was applied when the homogene-
ity of variance assumption was violated. Tukey and Tamhane’s
T? tests were applied for multiple comparisons. Values are ex-
pressed as mean + standard deviation. p<0.05 was considered
as statistically significant.

Results

Mean age of the healthy non-pregnant group was 31.87+7.76,
mean age of healthy pregnant group was 27.7245.12 and mean
age of GDM group was 32.51+4.88. GDM group was signifi-
cantly older than healthy pregnant group.

The results of macular and choroidal thickness, macular vol-
ume, and peripapillary RNFL thickness analysis are shown in
Tables 1-3, respectively. Macular central subfield and fove-
al center thickness were significantly thinner and choroidal
thickness was significantly thicker in the healthy pregnant and
GDM groups (p<0.001) (Table 1). However, there was no sig-
nificant difference between the GDM group and the healthy
pregnant group (Tables 1, 2). The nasal part of the RNFL was
significantly thinner in the GDM group than the healthy preg-
nant group (Table 3). None of the patients had retinopathy at
the time of examination.

Discussion

One of the most metabolically active organs in the body, the
retina is particularly susceptible to substrate imbalance or isch-
emia [12]. Retinal pericytes and microvascular endothelial cells
are lost at a very early stage of diabetes [13]. Proliferative di-
abetic retinopathy is a major complication of diabetes, which
carries a high risk of visual loss [14]. Pregnancy is responsible
for the worsening of PDR in women with pregestational type
[ or Il DM [15]. Previous studies have shown that the preva-
lence of DR is 57-62% at the first examination in pregnancy
with type | DM and is 17-28% in the type Il DM. The Diabetes
Control and Complications Trial (DCCT) and Research Group
and the Diabetes in Early Pregnancy (DIEP) studies found the
progression of retinopathy in pregnancy to range from 8% to
70% [16].
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Table 2. Average macular volume in healthy women, healthy pregnant and GDM.

Variables Heal::: 7v:))men Healtl('l::’;rse)gnant (::71\2) P
CSF 0.21+0.022 0.2+0.01° 0.2+0.01° <0.001
o 0541002 054002 0531003 | 0048
™ 0531002 052002 0521003 | 0031
T~ 053:002 0531002 0531003 | 04sa
Nm 053:002 0521003 0526003 | 00ss
som 158008 1591006 158008 0257
om L6011 1601 1s;s012 0379
oM 155000 1555006 153007 o167
NoM  1ses012  isesoml 157002 0727
Average 0961004 0961003 0951004 | 0129
Totalvoume 8645033 8651028 8521045 | 0000

Values are expressed as mean +SD. Different superscripts in a row indicate statistically significant difference. CSF — central subfield;
IIM = inferior inner macula; IOM — inferior outer macula; NIM — nasal inner macula; NOM — nasal outer macula; SIM — superior inner
macula; SOM - superior outer macula; TIM — temporal inner macula; TOM - temporal outer macula.

Table 3. Average peripapillary RNFL thickness in healthy women, healthy pregnant and GDM.

Variables Heal::Z 7v:))men Healt:iny=2|:)gnant (::;Vzl) P
Temporal 69.84+12.79 73.22+10.76 74.53£12.55 0.058
R 1369262232 1411312000 141362109 0s7a
N 1142191 1164511801 132211957 0330
N 7sasiszes  gogosisle 739129t 0034
N 1146822493 165622246 131781972 0702
R 1437282583 1530816050 1507582015 0031
6 sesemo» 1044581006° 101938872 002

Values are expressed as mean +SD. Different superscripts in a row indicate statistically significant difference. T — temporal;
Ts — temporal superior; Ns — nasal superior; N — nasal; Ni — nasal inferior; Ti — temporal inferior; G — global.

The literature is not clear on when GDM screening should be-
gin. However, professional organizations recommend that di-
abetes screening for women with GDM should occur around
the time of the first postpartum visit [7,8]. The ADA recom-
mends screening at 6-12 weeks after delivery [9]. There is lim-
ited data on this issue and to the best of our knowledge this
is the first study on GDM and the retina with OCT. The OCT
technique can objectively and quantitatively assess macular
and RNFL thickness [10,17].

The present study revealed that macular central subfield and
foveal center thickness were significantly thinner and cho-
roidal thickness was significantly thicker in the healthy preg-
nant and GDM groups than in the healthy non-pregnant group
(p<0.001), but there were no significant difference between
the GDM group and the healthy pregnant group. Cankaya et
al. determined that the mean macular central subfield value
was 192 um in non-pregnant healthy women, but Grover et
al. reported that the mean macular central subfield value was
270.2 pm in healthy subjects [18,19]. In our study macular

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

1762




Acmaz G. et al.:
Retinal thickness in gestational diabetes mellitus
© Med Sci Monit, 2015; 21: 1759-1764

thickness values in healthy non-pregnant subjects were sim-
ilar to that reported by Grovers.

The novel finding of this study was that thickness of RNFL, es-
pecially the nasal part, significantly decreased in patients with
GDM. Thus, the decreased nasal part of RNFL thickness may be
the first change in patients with GDM. Timing of scanning for
GDM is very important because screening allows detection of
retinopathy in the early and non-proliferative stage. GDM pa-
tients have more severe insulin resistance compared to eugly-
cemic pregnant women [20,21]. At this stage, improving glyce-
mic control can reverse non-proliferative changes and prevent
progression [22]. It was reported that choroidal thickness was
reduced in diabetic eyes and that the nasal quadrant was the
most affected area [23]. Nasal quadrant choroid layer supplies
blood to this area; therefore, we are of the opinion that this
situation may explain why the nasal part of RNFL was signif-
icantly reduced in patients with GDM. Kida et al. examined
optic nerve head (ONH) blood circulation during 75-gr OGTT.
They concluded that ONH circulation decreased in the abnor-
mal glucose tolerance group, attributed partly to the increased
endothelin-1[24]. In a similar study, authors investigated the
microcirculation and progression of macular edema [25]. It is
pointed out that the reduction of perifoveal capillary blood
flow velocity may occur before the increase of retinal thick-
ness at the central fovea in the diabetic patients. In contrast
to Sakata and Vujosevic, it is claimed that pregnancy has no
long-term effect on future progression. The adverse effect of
pregnancy on the retinal microvasculature is relatively tran-
sient, with risk of progression to PDR being high only with-
in the first 8 weeks after delivery. Increased risk may persist
into the first year postpartum, but eventually diminishes [14].
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This situation has been investigated at the molecular level.
Yamagishi found that advanced glycation end-product-induced
endothelial cell damage is inhibited by pigment epithelium-derived
growth factor (PEDF), which possesses antioxidative, anti-inflam-
matory, and antiatherogenic properties in both cell culture and an-
imal models [26]. On the other hand, PEDF is accepted as a nega-
tive regulator of vascular endothelial growth factor (VEGF) [27]. A
plausible explanation and interpretation of these studies [23-27]
is that high glucose level may lead to increased PEDF and ET-1
levels. Then, as a result of increased PEDF and ET-1 levels, VEGF
begins to decrease. This situation results in decreased choroid
thickness, especially in the nasal quadrant. Deterioration of blood
supply to nerves may lead to thinner RNFL in patients with GDM.

Conclusions

The decreased nasal part of RNFL thickness may be the first
retinal change in patients with GDM. Our study suggests that
OCT should be performed for patients with GDM for detection
of early retinal changes associated with GDM. The main ques-
tion now is whether nasal value of RNFL can show us DR oc-
currence. A large-scale study with more participants is needed.
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