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ABSTRACT.

Purpose: To compare retinal vascular parameters between high-risk and low-

risk pregnant women over time during pregnancy.

Methods: In a longitudinal study, we included pregnant women with normal

blood pressure and normal body mass index (BMI, group 1), pregnant women

with systemic hypertension and/or overweight (group 2) and age-matched

nonpregnant healthy women (group 3). Using the dynamic vessel analyser (DVA)

we investigated flicker-induced vasodilation in retinal arteries (FLA) and veins

(FLV), central retinal arterial and vein equivalent (CRAE, CRVE), arterio-

venous ratio (AVR) and retinal arterial and venous oxygen saturation (SartO2,

SveinO2). Study visits were scheduled 2nd trimester (TP 2), 3rd trimester (TP 3)

and postpartum (PP).

Results: Data from 29 women in group 1, 25 women in group 2 and 33 women in

group 3 were included for analysis. FLA, FLV, CRAE, CRVE, AVR and

SveinO2 were altered in group 2 (p-values between < 0.001 and 0.009). At TP 3

the differences between groups were most pronounced. In contrast, there were

only minor differences between group 1 and 3. Changes in retinal parameters

were independently associated with systemic blood pressure and BMI.

Conclusions: The present analysis indicates that flicker-induced retinal vasodi-

lation, retinal vessel diameters and retinal oxygen saturation are altered in high-

risk pregnant women. Hence, these parameters are candidate biomarkers for

pregnancy complications, a hypothesis that deserves further study.

Key words: biomarkers – flicker stimulation – pregnancy – retinal oximetry – retinal ves-
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Introduction

The retinal vasculature is the only part
of the human body that allows for the
direct visualization of microvessels.
Alterations in retinal vessels and retinal
perfusion have been reported in ocular
disease such as glaucoma (Kawasaki
et al. 2013; Van Melkebeke et al. 2018),
retinitis pigmentosa (Lang et al. 2019),
systemic hypertension (Ding et al.
2014; Chua et al. 2019), hypercholes-
terolaemia (Kelly et al. 2011; Nagele
et al. 2018) and in patients with dia-
betes, where changes in the ocular
vasculature occur even before the clin-
ical onset of diabetic retinopathy
(Pemp et al. 2010; Sabanayagam et al.
2015; Fondi et al. 2017; Rosen et al.
2019).

It is known that obesity of the
mother is an important risk factor for
complications during pregnancy
(Marchi et al. 2015; Catalano & Shan-
kar 2017) such as the development of
preeclampsia, which is associated with
an increased risk of maternal and foetal
morbidity and mortality.(Mol et al.
2016) The risk of preeclampsia doubles
with each 5 to 7 kg/m2 increase of BMI
in pregnant women (Verma & Shrimali
2012) and women morbidly obese have
a 12 times higher chance for
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preeclampsia and higher risk for
induced labour, emergency caesarean
section, preterm and postpartum haem-
orrhage in comparison to underweight
women (Bhattacharya et al. 2007). In
addition, abundant studies exhibited
that preeclampsia can cause up to 15%
of preterm deliveries and 25% of small-
for-gestational-age (SGA; Zhang et al.
2001).

Endothelial dysfunction has been
suggested as a biomarker for the risk
of adverse pregnancy outcome (Boeldt
& Bird 2017), but techniques to assess
endothelial function in vivo such as
plethysmography of the forearm circu-
lation or flow-mediated vasodilation of
brachial artery are time consuming
(Flammer et al. 2012). Therefore, sev-
eral studies have followed the idea to
study the retinal microvasculature as a
potential biomarker in pregnancy
(Lupton et al. 2013; Li et al. 2018).

The aim of the present study was to
investigate whether there is a difference
in retinal vascular parameters between
high-risk and low-risk pregnant women
over time during pregnancy. Flicker-
induced retinal vasodilatation, which
has been found to correlate with flow-
mediated vasodilatation in the brachial
artery in previous studies (Pemp et al.
2009b) was used to assess neurovascu-
lar coupling (Riva et al. 2005; Kur et al.
2012). We used retinal oximetry, a
technique based on spectroscopic anal-
ysis of fundus photographs, to measure
retinal arterial and venous oxygen sat-
uration (SaO2, SvO2; Stefansson et al.
2019). In addition, retinal vessel diam-
eters and arterio-venous ratio (AVR)
were assessed. Three groups of women
were included: pregnant women with
normal blood pressure and not over-
weight, pregnant women with hyper-
tension and/or overweight and a group
of age-matched nonpregnant healthy
women. Pregnant women were fol-
lowed up longitudinally during preg-
nancy, while measurements in healthy
controls were only performed once.

Methods

Subjects

The present study was performed
according to the Good Clinical Practice
guidelines and the Declaration of Hel-
sinki. Prior to the start of the study, we
obtained approval by the Ethics Com-
mittee of the Medical University of

Vienna, Austria. We obtained written
informed consent from all participating
women prior to inclusion in the study.

A total of 115 women were included
in three groups. In all participating
subjects, a screening investigation was
performed including medical history,
smoking status (current, past), physical
examination including 12-lead electro-
cardiogram (ECG) and measurement
of systemic haemodynamics, and an
ophthalmic examination (best cor-
rected visual acuity, slit-lamp biomi-
croscopy, indirect funduscopy and
measurement of IOP). Only women
with normal ophthalmic findings as
judged by the investigator were
included in this study. All subjects
had to be ≥18 years of age to be
eligible for inclusion. Group 1 con-
sisted of 38 pregnant women with
normal blood pressure (systolic blood
pressure (SBP) < 140 mmHg and dias-
tolic blood pressure
(DBP) < 90 mmHg) and normal BMI
(≥18.5 and <25 kg/m2). Group 2 con-
sisted of women with either systemic
hypertension (SBP > 140 mmHg and/
or DBP < 90 mmHg) and/or over-
weight (BMI > 25 kg/m2). Women
with pre-existing hypertension as well
as women with acquired hypertension
during pregnancy were included. In
pregnant women, inclusion/exclusion
criteria were evaluated between preg-
nancy weeks (wks) 20 and 28. Group 3
consisted of age-matched nonpregnant
women with blood pressure and BMI
levels in the normal range as defined
above for group 1. Diabetes mellitus
and alcohol abuse were exclusion cri-
teria in all groups.

Sample size calculation was based
on the reproducibility of the main
outcome variable (flicker response of
retinal vessels) in our laboratory and a
power of 0.8 (Told et al. 2014). The
study was designed to detect a differ-
ence between groups 1 and 2 at a two-
sided 0.05 significance level, if the true
difference between groups is �25%.
This was based on our previous results
that the standard deviation of the main
outcome variable is approximately
35% (unpublished data from our lab-
oratory). Differences in the main out-
come variable smaller than 25% were
considered irrelevant. These assump-
tions resulted in a sample size of 30
women per group. To account for a
20% drop out rate, we increased the
sample size to 36 per group.

Study protocol

Pregnant women were recruited at the
Department of Obstetrics and Gyne-
cology, Medical University of Vienna,
Austria. The nonpregnant control
group (group 3) was recruited at the
Department of Clinical Pharmacology,
Medical University of Vienna, Austria.
All retinal parameters were measured
at the Department of Clinical Pharma-
cology.

Study visit 1 was scheduled between
pregnancy wks 20 and 28 (2nd trimester,
TP 2), study visit 2 was scheduled
between wks 30 and 34 (3rd trimester,
TP 3) and study visit 3 was scheduled
postpartum, day 1–5 (PP). In nonpreg-
nant women, examinations were per-
formed only once. On all study days,
the same schedule of measurements was
applied for all subjects. The right eye was
used as the study eye. For pupil dilation,
one drop of tropicamide eye drops
(MydriaticumAgepha, Agepha, Vienna,
Austria) was instilled into the study eye
and after a 20-min resting period, mea-
surements were performed with the
dynamic vessel analyser (DVA, IME-
DOS GmbH, Jena, Germany). Blood
pressure and pulse rate were obtained by
anautomated oscillometric device (Infin-
ity Delta, Dr€ager, Vienna, Austria).
Intraocularpressure (IOP)wasmeasured
using applanation tonometry. The BMI
was taken at the first visit.

Dynamic vessel analyser

The DVA was used for the measure-
ment of vessel diameters and the
assessment of flicker-induced vasodila-
tion. The DVA has been described in
detail in a previous review paper
(Garhofer et al. 2010). Briefly, the
system consists of a fundus camera, a
video recorder and a system for stim-
ulation with diffuse luminance flicker.
After a 1-min baseline measurement,
the retina is stimulated with flicker
light for another minute. Baseline ves-
sel diameters were determined by aver-
aging values over the last 20 s before
flicker stimulation. During flicker stim-
ulation, vessel diameters were averaged
over the last 20 s (Garhofer et al.
2010). Flicker-induced retinal vasodi-
lation was defined as the relative
increase from baseline diameter values
during flicker stimulation. This was
calculated for retinal arteries (FLA)
and retinal veins (FLV) separately.
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Flicker stimulus

For flicker stimulation, the built-in
stimulation system of the DVA device
was used. The flicker stimulus is gen-
erated by an electronic shutter system,
which interrupts the background illu-
mination of the fundus camera of the
DVA device at a frequency of 12.5 Hz.
This results in a square wave stimula-
tion pattern with a frequency of
12.5 Hz, a modulation depth of 100%
and a contrast ratio of 25:1.

For static vessel analysis, a fundus
photograph was taken and the analysis
was carried out as previously described
(Nagel et al. 2007). Briefly, the Visualis
system (IMEDOS GmbH, Jena, Ger-
many) was used to acquire the
monochromatic fundus images (535–
561 nm, 30° imaging angle) and the
photographs were analysed with a
concentric ring around the optic nerve
head using Vesselmap2 analysis soft-
ware (IMEDOS GmbH, Jena, Ger-
many). Calculation of the central
retinal arterial equivalent (CRAE),
central venous equivalent (CRVE)
and the AVR was done according to
the Parr-Hubbard formula (Parr &
Spears 1974; Hubbard et al. 1999).

The same device was used to mea-
sure retinal haemoglobin oxygen satu-
ration (SO2) based on optical
reflectometry using the commercially
available software package (RVA,
IMEDOS GmbH, Jena, Germany).
Briefly, two simultaneously recorded
50° monochromatic fundus images are
taken at 548 and 610 nm, respectively.
Then the optical density ratio of the
blood vessels in these two images was
calculated and SO2 values were deter-
mined for retinal arteries (SartO2) and
retinal veins (SveinO2), taking the ves-
sel diameter into account. In a previous
study, it was shown that SO2 values are
dependent on vessel diameters (Ham-
mer et al. 2008). The Imedos software
incorporates the correction formulas as
provided in this paper. In the present
study, all retinal arteries and veins were
measured at a distance of 1.0 to 1.5 disc
diameters to the optic nerve head.

Measurement of systemic blood pressure

and pulse rate

Automated oscillometry was used to
measure systolic, diastolic, mean arte-
rial blood pressures and pulse rate
(SBP, DBP, MAP, PR) on the upper
arm (Infinity Delta, Dr€ager). Single

measurements were performed at the
screening visit and on each study day.

Measurement of intraocular pressure

IOP was measured with a slit-lamp
mounted Goldmann applanation
tonometer. Before measurements, one
drop of oxybuprocainhydrochloride
combined with sodium fluorescein
(Fluoresceine-Oxybuprocaine SDU
Faure, OmniVision AG, Neuhausen,
Switzerland) was instilled.

Data analysis

Shapiro–Wilk test was used to test the
outcome parameters for normal distri-
bution. All retinal outcome parameters
were corrected for smoking status.
Data for FLA and FLV were adjusted
for vessel size, as this has an important
effect on the amount of flicker-induced
vasodilation (Sharifizad et al. 2016). A
repeated measures ANCOVA model was
used to compare the time course of all
outcome parameters between groups 1
and 2. Baseline values between groups
1, 2 and 3 were compared using a one-
way ANCOVA model. For groups 1 and
2, first a linear and second a subsequent
multiple linear regression model was
applied analysing the effect of the
following factors on flicker responses:
MAP, BMI, PR and age. Factors
significant in the linear regression
model were used for the multiple
regression approach. This analysis
was done separately for TP2 and TP3.
A p-value < 0.05 was considered as the
level of significance for all analyses,
which were performed using SPSS (IBM
SPSS Statistics, Version 22, Armonk,
NY, USA).

Results

A total of 134 subjects were screened
for eligibility, of which 19 were not
included because the inclusion/exclu-
sion criteria were not met. Out of the
remaining 115 subjects that were eligi-
ble, 28 were not included for analysis
because of loss to follow-up (n = 20) or
insufficient fundus photograph quality
(n = 8). Hence, data from 29 women in
group 1 (low-risk pregnancy), 25
women in group 2 (high-risk preg-
nancy) and 33 women in group 3
(healthy, non-pregnant women) were
analysed. A study flow chart is pro-
vided in Fig. 1. Out of the 25 subjects

analysed in group 2, 17 had systemic
hypertension and 23 were overweight.

All outcome parameters were nor-
mally distributed. There was no signif-
icant difference in age between the three
groups (group 1: 28.1 � 5.1 years,
group 2: 29.2 � 5.4 years, group 3:
27.8 � 4.9 years; p = 0.196). The num-
ber of smokers differed significantly
between the three included groups
(p < 0.001). The proportion of current
(group 1: n = 4 (14%), group 2: n = 9
(36%), group 3: n = 0 (0%)) as well as
past smokers (group 1: n = 3 (10%),
group 2: n = 6 (24%), group 3: n = 1
(3%))washighest in group2 followedby
group 1. BMI was within the normal
rangeandnotdifferentbetweengroups 1
(22.7 � 4.4 kg/m2) and groups 3
(21.8 � 4.1 kg/m2), but significantly
elevated in group 2 (29.9 � 6.3 kg/m2;
p < 0.001 versus group 1 and 3). The
time course of MAP, PR and IOP is
presented inTable 1.BothMAPandPR
were significantly higher in group 2 as
compared to the other groups at the
second study visit (TP 3, p < 0.001). In
group 1 MAP and PR did not change
over time. By contrast, MAP increased
at TP3 in group 2 (p = 0.002) and PR
and tended to increase (p = 0.061). No
differences in IOP were observed
between groups.

The results for flicker-induced
vasodilation are presented in Table 2.
In group 2, FLA was lower than in
groups 1 and 3 at the first study visit
(TP2). At TP3, FLA in group 2
decreased further (p < 0.001), but
returned towards values observed at
TP2 at the postpartum visit (PP). The
response of retinal veins to flicker
stimulation followed a similar pattern.
Again, FLV was lower in group 2 as
compared to the other groups and
decreased further at TP 3 (p < 0.001),
returning to values near TP 2 at PP. In
group 1, FLV decreased at TP 3 and
returned to TP 2 values at PP
(p = 0.021). Vessel diameter and oxy-
gen saturation results are presented in
Table 3. CRAE was not different
between groups 1 and 3, but was
significantly more narrow in group 2
(p < 0.001). In addition, CRAE
showed a further reduction at TP 3 in
group 2 (p = 0.006), again returning
near to TP 2 values at PP. In retinal
veins, the opposite effect was observed.
CRVE was wider in group 2 than in
groups 1 and 3 (p = 0.005). In groups 1
and 2 there was an increase in CRVE at
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TP 3, which was more pronounced in
the women with hypertension and/or
overweight (group 1: p = 0.032; group
2: p = 0.007). Due to arterial vasocon-
striction and venous vasodilation, there
was a pronounced AVR reduction in
group 2 as compared to the other
groups (p < 0.001), which got more
pronounced at TP 3 (p = 0.003).
SartO2 did not show any differences
between groups. SveinO2 was higher in
group 2 than in the other groups
(p = 0.003). No time-dependence of
SveinO2 was observed.

The results of linear regression
analysis at TP 2 are shown in
Table 4. None of the retinal variables
were age-dependent. BMI was statis-
tically significant linked to all retinal
parameters except SartO2 and
SveinO2. The majority of retinal
parameters except CRVE and SartO2

were associated with MAP. By con-
trast, all parameters except CRAE
were not correlated to PR. BMI was
another factor linked to retinal
parameters and significant for all
factors except SartO2 and SveinO2.

The results of the multiple regression
model are presented in Table 5. MAP
remained significantly associated with
FLA, FLV, CRAE, AVR and SveinO2.
BMI was a determinant of retinal
venous parameters (FLV, CRVE)
except SveinO2, but also of FLA,
CRAE and AVR.

The results of linear and multiple
regression analysis at TP 3 are shown
in Tables 6 and 7, respectively. The
results were generally comparable to
those obtained at TP 2, but correla-
tions were stronger. In the linear
regression analysis, a significant asso-
ciation was found between CRVE and
MAP, FLV and PR, as well as SveinO2

and BMI. These correlations were not
found at TP 2. By contrast, the corre-
lation between CRAE and PR was not
significant at TP 3.

Discussion

Endothelial dysfunction has been pro-
posed as a biomarker for preterm birth
and small-for-gestational-age deliveries
(Chen & Scholl 2014; Amaral et al.
2017). A recent study was, however,
not able to establish endothelial dys-
function in nulliparous women mea-
sured 3 years before pregnancy as a
risk factor for preterm birth and/or
small-for-gestational-age deliveries
(Lane-Cordova et al. 2018). The pre-
sent study looked into the potential use
of retinal vascular parameters as
biomarkers for risk pregnancies. The
main finding of our study is that
abnormalities in retinal vascular fac-
tors were observed in a group of
pregnant women with systemic hyper-
tension and/or overweight. Flicker-in-
duced retinal vasodilation, retinal
vessel diameters as well as retinal
oxygen saturation were abnormal in
this group of women with risk factors
for preterm birth and/or small-for-ges-
tational-age deliveries.

The idea of using retinal vascular
parameters for risk assessment in preg-
nancy is not new. A wide variety of
studies have looked into the associa-
tion between retinal vessel diameters
and pregnancy risk factors (Li et al.
2012; Lupton et al. 2013; Li et al.
2018). A recent study showed that
increased blood pressure during preg-
nancy was associated with abnormal
retinal vessel diameters, but indepen-
dent of postpartum cardiovascular
risks (Sim et al. 2019). The former

Fig. 1. Study flow chart.
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result is in keeping with our findings
that abnormalities in retinal vessel
diameters are associated with systemic
blood pressure. In addition, we have
established that retinal venous dilata-
tion is associated with BMI. The link
between these parameters may be
mediated via inflammation as previ-
ously shown for various diseases
(Wong et al. 2006; Daien et al. 2013;
Jabs et al. 2019). In addition, CRAE
was significantly reduced in high-risk
pregnant women compared to low-risk
pregnant women and healthy nonpreg-
nant controls. This is probably caused
by the accompanying increase in MAP,

since it is well established and has also
been found in the present study that
higher mean arterial pressure comes
with retinal arteriolar narrowing
(Chew et al. 2012).

Our results on altered flicker-in-
duced retinal vasodilation in risk preg-
nant women are well compatible with
previous studies in preeclampsia
(Bruckmann et al. 2015). The mecha-
nisms underlying flicker-induced reti-
nal vasodilation are, however, not yet
fully elucidated (Kur et al. 2012; New-
man 2013; Nippert et al. 2018). It has
previously been shown that inhibition
of nitric oxide synthase blunts both

FLA and FLV suggesting a role of
endogenous nitric oxide in mediating
or modulating flicker-induced vasodi-
latation (Buerk et al. 1996; Dorner
et al. 2003). This supports our hypoth-
esis that FLA and FLV are potential
biomarkers for pregnancy complica-
tions, because gasotransmitters such
as nitric oxide, carbon monoxide and
hydrogen sulphide have been impli-
cated in preeclampsia and preterm
birth and it seems that nitric oxide
production, nitric oxide synthase acti-
vation as well as expression is down-
regulated in preeclampsia (Rengarajan
et al. 2020). In patients with type 1
diabetes, flicker-induced vasodilatation
was reduced while the vascular
response to exogenous nitric oxide
was not altered.(Pemp et al. 2009a;
Pemp et al. 2009b) Some authors have
proposed that the response of the
retinal vasculature is a measure of
endothelial dysfunction, but this
hypothesis remains largely unproven
(Lim et al. 2013). In the present study,
we identified blood pressure and BMI
as determinants of flicker-induced reti-
nal vasodilation. Since correlations
were stronger at TP 3 compared to
TP 2, we also conclude that these
parameters determine the further
reduction at week 30–34 as seen in
group 2. Previous studies have linked
FLA and FLV to diabetes (Garhofer
et al. 2004; Sorensen et al. 2016),
systemic hypertension (Nagel et al.
2004; Machalinska et al. 2018), cardio-
vascular disease (Heitmar et al. 2017;
Heitmar et al. 2018), hypercholestero-
laemia (Sharifizad et al. 2016; Nagele
et al. 2018), obesity (Kotliar et al. 2011)
and even to asymptomatic individuals
with a positive family history of car-
diovascular disease (Seshadri et al.
2018).

Whereas SartO2 was not different in
pregnant women versus healthy con-
trols, group 2 showed increased
SveinO2. Alterations in retinal oxygen
saturation seem to be linked to many
ocular and systemic diseases such as
diabetes, glaucoma, retinopathy of pre-
maturity as well as respiratory, cardio-
vascular and neurological diseases
(Stefansson et al. 2019). Increased
SveinO2 at normal SartO2 indicates
reduced arterio-venous oxygen differ-
ence and reduced retinal oxygen extrac-
tion (Palkovits et al. 2014a, 2014b;
Felder et al. 2015; Werkmeister et al.
2015; Fondi et al. 2017; Aref et al.

Table 1. Body mass index (BMI), Mean arterial blood pressure (MAP), pulse rate (PR) and

intraocular pressure (IOP) in the three patient groups for the time-points TP 2 (2nd trimester, wks

20–28), TP 3 (3rd trimester, wks 30–34) and PP (1- to 5-day postpartum)

TP2 TP3 PP p-value

BMI (kg/m2)

Group 1 (low-risk pregnancy, n = 29) 22.7 � 4.4 <0.001##

Group 2 (high-risk pregnancy, n = 25) 29.9 � 6.3

Group 3 (nonpregnant healthy controls,

n = 33)

21.8 � 4.1

MAP (mmHg)

Group 1 (low-risk pregnancy, n = 29) 90 � 5 91 � 5 89 � 4 <0.001#

Group 2 (high-risk pregnancy, n = 25) 110 � 8 115 � 9 108 � 8

Group 3 (nonpregnant healthy controls,

n = 33)

87 � 4 <0.001##

PR (beats/min)

Group 1 (low-risk pregnancy, n = 29) 62 � 7 61 � 7 60 � 6 0.003#

Group 2 (high-risk pregnancy, n = 25) 70 � 9 72 � 10 72 � 9

Group 3 (nonpregnant healthy controls,

n = 33)

55 � 7 <0.001##

IOP (mmHg)

Group 1 (low-risk pregnancy, n = 29) 15.4 � 3.2 15.1 � 2.9 15.3 � 3.1 0.476#

Group 2 (high-risk pregnancy, n = 25) 15.7 � 3.5 15.8 � 3.6 15.9 � 3.3

Group 3 (nonpregnant healthy controls,

n = 33)

15.6 � 3.0 0.736##

A repeated measures ANCOVA model was used to compare Groups 1 and 2 (#), a 3-way ANCOVA

model was used to compare Groups 1, 2 and 3 (##).

Table 2. Flicker-induced retinal vasodilation in retinal arteries (FLA) and veins (FLV) in the

three patient groups for the time-points TP 2 (2nd trimester, wks 20–28), TP 3 (3rd trimester, wks

30–34) and PP (1- to 5-day postpartum)

TP2 TP3 PP p-value

FLA (%)

Group 1 (low-risk pregnancy, n = 29) 5.7 � 1.7 5.5 � 1.3 5.8 � 1.2 <0.001#

Group 2 (high-risk pregnancy, n = 25) 3.1 � 2.0 1.8 � 1.5 3.4 � 1.7

Group 3 (nonpregnant healthy controls, n = 33) 6.1 � 1.5 <0.001##

FLV (%)

Group 1 (low-risk pregnancy, n = 29) 6.3 � 1.6 5.8 � 1.5 6.2 � 1.4 <0.001#

Group 2 (high-risk pregnancy, n = 25) 4.0 � 2.1 2.6 � 1.4 3.8 � 1.9

Group 3 (nonpregnant healthy controls, n = 33) 6.5 � 1.9 <0.001##

(#) indicates statistical significance between Groups 1 and 2 using a repeated measures ANCOVA

model. (##) indicates statistical significant difference comparing Groups 1, 2 and 3 using 3-way

ANCOVA model.
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2019; Bata et al. 2019; Blair et al. 2019),
although this requires experimental
verification. The present study estab-
lished BMI as a determinant of
SveinO2 in pregnant women, a result
that warrants further investigations in
other diseases.

A strength of the present study is the
assessment of several retinal vascular
parameters that all can be measured
with the same device within 10 min.
Other authors have proposed other
approaches such as measurement of

vessel density using optical coherence
tomography angiography (Chanwimol
et al. 2019; Kiziltunc et al. 2020),
retinal blood flow using laser Doppler
velocimetry (Chen et al. 1994) or optic
nerve head blood flow as assessed using
laser speckle flowgraphy (Sato et al.
2017). However, we do not know how
these approaches compare to flicker-
induced retinal vasodilation, retinal
vessel diameters or retinal oxygen sat-
uration as measured in the present
study. Another strength relates to the

Table 3. Retinal vessel diameters (central retinal artery equivalent (CRAE), central retinal vein equivalent (CRVE), AVR, oxygen saturation in

retinal arteries (SartO2) and oxygen saturation in retinal veins (SveinO2) in the three patient groups for the time-points TP 2 (2nd trimester, wks 20–
28), TP 3 (3rd trimester, wks 30–34) and PP (1- to 5-day postpartum)

TP2 TP3 PP p-value

CRAE (µm)

Group 1 (low-risk pregnancy, n = 29) 187 � 19 185 � 17 188 � 20 <0.001#

Group 2 (high-risk pregnancy, n = 25) 161 � 20 152 � 22 158 � 19

Group 3 (nonpregnant healthy controls, n = 33) 187 � 17 <0.001##

CRVE (µm)

Group 1 (low-risk pregnancy, n = 29) 234 � 24 241 � 26 232 � 22 0.009#

Group 2 (high-risk pregnancy, n = 25) 241 � 27 250 � 30 244 � 28

Group 3 (nonpregnant healthy controls, n = 33) 233 � 23 0.022##

AVR

Group 1 (low-risk pregnancy, n = 29) 0.80 � 0.11 0.77 � 0.10 0.81 � 0.11 < 0.001#

Group 2 (high-risk pregnancy, n = 25) 0.67 � 0.13 0.61 � 0.12 0.65 � 0.12

Group 3 (nonpregnant healthy controls, n = 33) 0.81 � 0.11 <0.001##

SartO2 (%)

Group 1 (low-risk pregnancy, n = 29) 94 � 2 94 � 3 93 � 3 0.635#

Group 2 (high-risk pregnancy, n = 25) 93 � 2 93 � 2 93 � 2

Group 3 (nonpregnant healthy controls, n = 33) 95 � 2 0.331##

SveinO2 (%)

Group 1 (low-risk pregnancy, n = 29) 64 � 2 65 � 2 64 � 2 0.008#

Group 2 (high-risk pregnancy, n = 25) 68 � 2 69 � 2 68 � 2

Group 3 (nonpregnant healthy controls, n = 33) 64 � 2 0.017##

(#) indicates statistical significance between Groups 1 and 2 using a repeated measures ANCOVA model. (##) indicates statistical significant difference

comparing Groups 1, 2 and 3 using 3-way ANCOVA model.

Table 4. Results of linear regression analysis in pregnant women at TP 2 (2nd trimester, wks 20–
28, group 1 + group 2: n = 54)

MAP (mmHg) PR (beats/min) BMI (kg/m2) Age (years)

TP2

FLA (%) r = - 0.41 r = �0.11 r = �0.36 r = 0.02

p = 0.002 p = 0.43 p = 0.007 p = 0.89

FLV (%) r = �0.31 r = �0.04 r = �0.54 r = �0.13

p = 0.022 p = 0.77 p < 0.001 p = 0.35

CRAE (µm) r = �0.50 r = �0.27 r = �0.40 r = �0.23

p < 0.001 p = 0.048 p = 0.003 p = 0.09

CRVE (µm) r = 0.11 r = 0.07 r = 0.38 r = 0.15

p = 0.43 p = 0.61 p = 0.005 p = 0.28

AVR r = �0.55 r = �0.12 r = �0.47 r = �0.02

p < 0.001 p = 0.38 p < 0.001 p = 0.89

SartO2 (%) r = �0.09 r = 0.13 r = �0.01 r = �0.10

p = 0.52 p = 0.35 p = 0.94 p = 0.47

SveinO2 (%) r = 0.41 r = 0.18 r = 0.22 r = 0.17

p = 0.002 p = 0.19 p = 0.10 p = 0.18

A p-value < 0.05 was considered as the level of significance (bold values).

Table 5. Results of the multiple regression

model at TP 2 (2nd trimester, wks 20-28, group

1 + group 2: n = 54)

Multivariate analysis

Coefficients (95%

CI)

p-

value

FLA (%)

MAP

(mmHg)

�1.98 (�1.64,�2.41) 0.005

BMI (kg/

m2)

�2.23 (�1.41,�3.07) 0.012

FLV (%)

MAP

(mmHg)

�1.63 (�1.21,�2.11) 0.038

BMI (kg/

m2)

�2.46 (�1.67,�3.34) 0.009

CRAE (µm)

MAP

(mmHg)

�1.94 (�1.55,�2.48) <0.001

PR (beats/

min)

�1.41 (�0.76.�2.17) 0.365

BMI (kg/

m2)

�2.17 (�1.34,�3.22) 0.040

CRVE (µm)

BMI (kg/

m2)

2.24 (1.56,3.04) 0.005

AVR

MAP

(mmHg)

�2.08 (�1.54,�2,77) <0.001

BMI (kg/

m2)

�2.87 (�2.02,�4.01) <0.001

SveinO2 (%)

MAP

(mmHg)

2.17 (1.74, 2.80) 0.002
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inclusion of a nonpregnant control
group that showed that pregnancy in
the low-risk group was not associated
with major changes in the retinal vas-
culature. Finally, we used a longitudi-
nal approach that showed that retinal
vascular abnormalities in the high-risk
group were most pronounced at TP3.
Whether the change in retinal vascula-
ture over time during pregnancy may in
itself be a potential biomarker for
preterm birth and/or small-for-gesta-
tional-age deliveries requires further
study.

A limitation of the study is the
relatively low sample size, which was

based on the sample size calculation for
the main outcome variable (flicker-
induced vasodilatation). As such we
were also unable to sufficiently corre-
late the parameters to preterm birth
and/or small-for-gestational-age deliv-
ery. The present study was not
designed to answer this question and
a larger scale study needs to be planned
to support this hypothesis. Moreover,
we did not include women with
preeclampsia, although endothelial
dysfunction has been clearly linked to
this condition (Possomato-Vieira &
Khalil 2016). In the group of pregnant
women, we did not obtain

measurements before pregnancy or
earlier in pregnancy due to logistical
reasons. This also means that our
BMIs were taken in groups 1 and 2
when women were pregnant already.
By including a healthy control group
we did, however, show that values
obtained in group 1 at TP 2 were not
different from normal. Different
authors have used different protocols
for flicker-induced vasodilation using
the DVA (Garhofer et al. 2010; Shar-
ifizad et al. 2016). We chose a protocol
using one flicker period only in order to
limit the discomfort for the subjects
under study. Finally, we did not
include a long-term follow-up to inves-
tigate whether the retinal parameters
are associated with the incidence of
cardiovascular disease.

In conclusion, the present study
showed that retinal microvascular fac-
tors as assessed using the DVA are
associated with systemic hypertension
and increased BMI in pregnant
women. Flicker-induced retinal
vasodilation and retinal oxygen satu-
ration are therefore potential novel
biomarkers for pregnancy complica-
tions. Further studies are required to
link these retinal vascular parameters
to preeclampsia as well as preterm
birth and/or small-for-gestational-age
deliveries.
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