
Birthweight and its

association with retinal

vessel equivalents – Results

from the population-based

German Gutenberg Health

Study

Achim Fieß,1 Katharina A. Ponto,1

Michael S. Urschitz,2 Stefan Nickels,1

Andreas Schulz,3 Thomas M€unzel,4

Philipp S. Wild,3,5,6 Manfred E. Beutel,7

Karl J. Lackner,8 Norbert Pfeiffer1 and
Alexander K. Schuster1

1Department of Ophthalmology, University
Medical Center of the Johannes Gutenberg
University Mainz, Mainz, Germany;
2Division of Pediatric Epidemiology, Institute
for Medical Biostatistics, Epidemiology and
Informatics, University Medical Center of the
Johannes Gutenberg University Mainz,
Mainz, Germany; 3Preventive Cardiology and
Preventive Medicine/Center for Cardiology,
University Medical Center of the Johannes
Gutenberg University Mainz, Mainz,
Germany; 4Center for Cardiology –
Cardiology I,UniversityMedicalCenter of the
Johannes Gutenberg University Mainz,
Mainz, Germany; 5Center for Thrombosis and
Hemostasis (CTH), University Medical
Center of the Johannes Gutenberg University
Mainz, Mainz, Germany; 6German Center for
Cardiovascular Research (DZHK), Partner
site Rhine-Main, Mainz, Germany;
7Department of Psychosomatic Medicine and
Psychotherapy, University Medical Center of
the Johannes Gutenberg University Mainz,
Mainz, Germany; 8Institute of Clinical

Chemistry and Laboratory Medicine,
University Medical Center of the Johannes
Gutenberg University Mainz, Mainz,
Germany

doi: 10.1111/aos.14637
ª 2020 The Authors. Acta Ophthalmologica published
by John Wiley & Sons Ltd on behalf of Acta
Ophthalmologica Scandinavica Foundation.
This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial-NoDe
rivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the
use is non-commercial and no modifications or
adaptations are made.

L ow birthweight (BW) is associ-
ated with arterial hypertension in

adulthood. However, the pathophysio-
logical mechanism is still unclear, and
BW-related vascular alterations may be
important intermediate steps. In a pre-
vious report, authors observed that
foetal growth restriction leads to an
adverse microvascular development in
young adults (Hellstrom et al. 2004).
Consequently, vascular alterations of
former low birthweight newborns may
be a mechanism leading to an increased
risk for hypertension. Hence, this study
aims to assess the retinal vessel char-
acteristics and their correlation with
foetal growth restriction indicated by
self-reported birthweight in a large
German population-based cohort.

The Gutenberg Health Study (GHS)
is a prospective, population-based,
observational cohort study. Fundus
photographs of participants aged 35
to 74 years were analysed using the

‘retinal vessel analyser’ software (IME-
DOS, Jena, Germany) measuring the
central retinal arteriolar equivalent
(CRAE) and the central retinal venular
equivalent (CRVE). BW was self-re-
ported. The association between BW
and retinal vessel metrics was analysed
using uni- and multivariable linear
regression analyses with adjustment
for potential confounders which were
reported to be associated with retinal
vessel metrics (age, sex, spherical equiv-
alent, mean arterial blood pressure).

In a GHS subsample of participants
with self-reported birthweight, retinal
vessel metrics were successfully
assessed in 2476 participants (1338
female, aged 51.9 � 10.5 years).
CRAE was descriptively 3.6 µm smal-
ler in the low birthweight group com-
pared to the normal birthweight group.
In univariate analysis, CRAE showed
no association with birthweight (model
#1: B = 0.03 [�0.08; 0.14] µm per
100 g; p = 0.59; R2 = 0.0001). When
adjusting for age, sex and spherical
equivalent, CRAE was smaller in
adults with low birthweight (model
#2: B = 0.10 [0.00; 0.20] µm per
100 g; p = 0.042), but this effect was
weakened when additional adjusting
for mean arterial blood pressure
(model #3: B = 0.08 [�0.01; 0.17] µm
per 100 g; p = 0.09) (Table 1). No
association was observed between low
birthweight and CRVE, neither in uni-
variate nor in multivariable analyses.

Our study provides new investiga-
tions on the association of birthweight
and retinal vessel morphology. Our

Table 1. Associations of central retinal arteriolar and venular equivalent with birthweight in the Gutenberg Health Study (2007–2012)

Model 1 Model 2 Model 3

ß (95% CI) p ß (95% CI) p ß (95% CI) p

Central retinal arteriolar equivalent (µm)

Birthweight (per 100g) 0.03 (�0.08; 0.14) 0.59 0.10 (0.00; 0.20) 0.042 0.08 (�0.01; 0.17) 0.089

Age [years] �2.92 (�3.23; �2.61) <0.001 �2.29 (�2.59; �1.99) <0.001
Sex [female] 5.21 (3.96; 6.46) <0.001 3.07 (1.87; 4.28) <0.001
Spherical equivalent [dioptre] 3.35 (3.10; 3.61) <0.001 3.35 (3.11; 3.60) <0.001
MAP [mmHg] �0.45 (�0.51; �0.40) <0.001
Central retinal venular equivalent (µm)

Birthweight (per 100g) 0.00 (�0.11; 0.10) 0.95 �0.02 (�0.11; 0.08) 0.71 �0.02 (�0.12; 0.07) 0.67

Age [years] �1.47 (�1.77; �1.17) <0.001 �1.43 (�1.74; �1.12) <0.001
Sex [female] 1.64 (0.40; 2.87) 0.009 1.46 (0.20; 2.72) 0.024

Spherical equivalent [dioptre] 3.60 (3.35; 3.86) <0.001 3.60 (3.34; 3.86) <0.001
MAP [mmHg] �0.03 (�0.08; 0.03) 0.35

CI = confidence interval; g = gram; MAP = mean arterial blood pressure.

Linear regression models were performed assessing the association of central retinal vessel equivalents with birthweight (continuous).

Model 1: univariate; model 2: adjusted for age (years), sex (female), spherical equivalent (dioptre); model 3 adjusted for age (years), sex (female);

spherical equivalent (dioptre), mean arterial blood pressure (mmHg).
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findings are in contrast to previous
population-based studies in children
and adults. Gopinath et al. (2010)
observed in 1700 children with an age
of 12-years that former low birthweight
newborns had narrower retinal arteri-
oles which is in accordance to other
investigations in children (Mitchell
et al. 2008). For adult individuals, an
association between birthweight and
retinal arteriolar calibre but not with
retinal venular calibre was reported.
The authors found an arteriolar calibre
narrowing of 2.4 µm for each kg which
was still significant after adjusting for
multiple covariates including average
arterial blood pressure measurement
over 6 years (Liew et al., 2008). These
results are in contrast to our data which
may be caused by our younger cohort
and potentially stricter blood pressure
treatment regimes in the last years.

Our results are limited because 46%
of all participants did not report their
birthweight at study entry (Fieß et al.
2019). In addition, birthweight was
self-reported and not validated by
reviewing individual charts. Further-
more, missing data about gestational
age and postnatal occurrence of
retinopathy of prematurity may be
confounders which have to be consid-
ered when interpreting our data.

In summary, this large population-
based study shows no association
between lower birthweight and central
retinal venular equivalents, while the
association for central retinal arterial
equivalent was weakened by arterial
blood pressure.

Acknowledgement

Open access funding enabled and
organized by Projekt DEAL.
[Correction added on 01 October 2020,
after first online publication: Projekt
Deal funding statement has been
added.]

References

Fieß A, Schuster AK, Nickels S, Elflein HM,

Schulz A, Beutel ME, Blettner M & Pfeiffer

N (2019): Association of low birth weight

with myopic refractive error and lower

visual acuity in adulthood: results from the

population-based Gutenberg Health Study

(GHS). The British journal of ophthalmol-

ogy 103: 99–105.
Gopinath B, Baur LA, Wang JJ, Teber E,

Liew G, Cheung N, Wong TY & Mitchell P.

(2010): Smaller birth size is associated with

narrower retinal arterioles in early adoles-

cence. Microcirculation (New York, N.Y.:

1994) 17: 660–668.
Hellstrom A, Dahlgren J, Marsal K & Ley D

(2004): Abnormal retinal vascular morphol-

ogy in young adults following intrauterine

growth restriction. Pediatrics 113: e77–80.
Liew G, Wang JJ, Duncan BB et al. (2008):

Low birthweight is associated with narrower

arterioles in adults. Hypertension (Dallas,

Tex: 1979) 51: 933–938.
Mitchell P, Liew G, Rochtchina E, Wang JJ,

Robaei D, Cheung N & Wong TY (2008):

Evidence of arteriolar narrowing in low-

birth-weight children. Circulation 118: 518–
524.

Received on February 5th, 2020.

Accepted on September 2nd, 2020.

Correspondence

Achim Fieß, MD

Department of Ophthalmology

University Medical Center of the Johannes

Gutenberg University Mainz

Langenbeckstr. 1

55131 Mainz

Germany

Tel. +49 (0)6131 17 5150

Fax. +49 (0)6131 17 8495

E-mail: Achim.fiess@gmail.com

All authors: The Gutenberg Health Study is funded

through the government of Rhineland-Palatinate

(‘Stiftung Rheinland-Pfalz f€ur Innovation’, contract

AZ 961-386261/733), the research programmes

‘Wissen schafft Zukunft’ and ‘Center for Transla-

tional Vascular Biology (CTVB)’ of the Johannes

Gutenberg University of Mainz, and its contract

with Boehringer Ingelheim and PHILIPS Medical

Systems, including an unrestricted grant for the

Gutenberg Health Study. Schuster AK holds the

professorship for ophthalmic healthcare research

endowed by ‘Stiftung Auge’ and financed by

‘Deutsche Ophthalmologische Gesellschaft’ and

‘Berufsverband der Augen€arzte Deutschland e.V.’

Wild PS is funded by the Federal Ministry of

Education and Research (BMBF 01EO1503) and he

is PI of the German Center for Cardiovascular

Research (DZHK). Pfeiffer N receives financial

support by Novartis, Ivantis, Santen, Thea, Boeh-

ringer Ingelheim Deutschland GmbH & Co. KG,

Alcon, Sanoculis. Beutel ME received speaker

honorarium from Pfizer Deutschland GmbH, Shire

Deutschland GmbH and currently receives research

grants from the governments of Rhineland-Palati-

nate and Nordrhein-Westfalen, the German Asso-

ciation of Psychoanalysis and Psychotherapy

(DGPT), the German Research Foundation, the

German Ministry of Research, the German Cancer

Aid and the European Union. Fieß A., Ponto KA.,

Schulz A., Urschitz MS., Nickels S., M€unzel T.,

Lackner KJ.: none.

Financial disclosure/conflict of interest: Pfeiffer N

receives financial support and grants from Novartis,

Ivantis, Santen, Thea, Boehringer Ingelheim

Deutschland GmbH & Co. KG, Alcon, and

Sanoculis. Schuster AK received research funding

from Allergan, Bayer Vital, Novartis, PlusOptix and

Heidelberg Engineering. Nickels S received reim-

bursement of travel expenses from Heidelberg Engi-

neering. Fieß A., Ponto KA., Schulz A., Urschitz

MS., M€unzel T., Beutel M., Lackner KJ.: none.

Boehringer Ingelheim, PHILIPS Medical Systems

and Novartis Pharma provided funding towards

this study. There are no patents, products in

development or marketed products to declare. This

does not alter the authors’ adherence to all the

journal policies on sharing data and materials. The

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

Severe outcome of

idiopathic inflammatory

mass lesions primarily

located in the posterior

orbit and orbital apex

Kamil G. Laban,1,2,3

Rachel Kalmann,1,2 Roos J. Leguit,4

Peter H. Uijttewaal,2

Timothy R.D.J. Radstake,1,3,5

Joke H. deBoer1,2 and

Rob L.P. van derVeen2

1Ophthalmo-Immunology Unit, University
Medical Center Utrecht, University Utrecht,
Utrecht, The Netherlands; 2Department of
Ophthalmology, University Medical Center
Utrecht, University Utrecht, Utrecht, The
Netherlands; 3Laboratory of Translational
Immunology, University Medical Center
Utrecht, University Utrecht, Utrecht, The
Netherlands; 4Department of Pathology,
University Medical Center Utrecht,
University Utrecht, Utrecht, The
Netherlands; 5Department of Rheumatology
& Clinical Immunology, University Medical
Center Utrecht, University Utrecht, Utrecht,
The Netherlands

doi: 10.1111/aos.14656
ª 2020 The Authors. Acta Ophthalmologica published
by John Wiley & Sons Ltd on behalf of Acta
Ophthalmologica Scandinavica Foundation
This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial-NoDe
rivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the
use is non-commercial and no modifications or
adaptations are made.

Editor,

I diopathic orbital inflammation
(IOI) is a heterogeneous noninfec-

tious inflammatory process that causes
a mass or an enlargement of orbital
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