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Objectives: To determinewhether: 1) retinal vessel diameters in pregnant and non-pregnantwomenwith type 1
diabetes (T1D) alter the relationship of pregnancy to severity of diabetic retinopathy (DR); and 2) retinal vessel
diameters in early pregnancy alter the relationship of severity of DR in the mother to severe adverse outcome in
the infant.
Methods: Two cohorts of women with T1D, one composed of pregnant women and the other of non-pregnant
women of child-bearing age, were recruited inWisconsin. Baseline examinations (including retinal photography
and collection of diabetes-related characteristics) were conducted, with follow-up approximately one year later.
Retinal images were graded according to the modified Airlie House classification protocol, and retinal vessel di-
ameters were measured from digitized images. The latter were included in analyses as central retinal arteriolar
equivalent (CRAE) and central retinal venular equivalent (CRVE).
Results: In multivariate models: 1) Pregnancy was significantly associated with both incidence (OR= 4.43, CI =
1.42–13.79) and progression (OR = 2.62, CI = 1.52–4.51) of DR. Neither CRAE nor CRVE were significant, but

their addition modestly altered the associations of pregnancy to worsening DR; 2) Baseline retinopathy
(OR= 1.28, CI = 1.05–1.57) was associatedwith severe adverse outcome in the infant. This association was un-
changed by adjustment for retinal vessel diameters.
Conclusions: Pregnancy is associated with worsening DR in women with T1D. DR severity in early pregnancy is
associated with severe adverse outcome in the infant. The retinal vessel diameters CRAE and CRVE were not as-
sociated with these outcomes but were modest confounders of the association of pregnancy to worsening DR.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Diabetic retinopathy (DR) is a complication of diabetes usually first
observable after about 5 years of diabetes. Severity tends to increase
thereafter related to duration of diabetes, glycemic control, and blood
pressure.1–3 In addition, retinal vessel diameters have been associated
withDR such thatwider retinal venules are related to increased severity
of DR and macular edema.4 Pregnancy during the course of type 1 dia-
betes (T1D) is also associated with increased severity of DR.5

It is known that pregnancy is associated with vasodilation that may
be related to endothelial function.6–8 Further, placentas from diabetic
pregnancies appear to have pathologic vascular changes.9 Specifically,
microvascular placental changes including chorangiosis (increased
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villous capillaries and thickening of blood vessel walls), edema of the
villi, and thickened basement membranes have been noted in the
placentas of patientswith T1D.10 It is possible thatmicrovascular caliber
changes observed in the retina in pregnancy may be biomarkers of
pathology in placental circulation that are themselves associated with
severe adverse outcomes in the infant.

The purpose of this investigation is to examine two different re-
search questions: 1) Do retinal vessel diameters alter the association
of pregnancy to the incidence and progression of DR at follow-up in
women with T1D; 2) Do retinal vessel diameters, aside from baseline
retinopathy level, further inform the odds of a severe adverse outcome
in the infant of a mother with T1D?

2. Methods

2.1. Participants

Between 1982 and 1986, 190 pregnant women were recruited from
high-risk pregnancy clinics associated with hospitals in Madison,
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Neenah, and LaCrosse,Wisconsin. Of these, 158 were confirmed to have
T1D and completed an initial evaluation within the first 20 weeks of
gestation. These women were considered for analysis of severe adverse
infant outcomes.

A comparison group of 279 women was recruited from participants
identified for the Wisconsin Epidemiologic Study of Diabetic Retinopa-
thy (WESDR) who had T1D and were women of child-bearing age but
were not pregnant at the time of recruitment. These two groups form
the basis for analyses of incidence and progression of DR.

The groupswere comparedwith regard to characteristics considered
to be potential risk factors or confounders of the association between
our predictors and outcomes. There were no significant differences in
the presence of proteinuria, presence of DR, or retinal vessel diameters.
There were significant differences in duration of diabetes, age, diastolic
blood pressure, and total glycated hemoglobin (Table 1).

2.2. Protocols

All participants had a baseline evaluation as soon as possible follow-
ing recruitment, at which time consent conforming to the tenets of the
Declaration of Helsinki was obtained from participants following Insti-
tutional Review Board approval from the Human Subjects Committee
of the University ofWisconsin-Madison. The study operationswere per-
formed in adherence to the Health Insurance Portability and Account-
ability Act. Examiners explained the study rationale and nature of the
examinations before collecting pertinent information including current
age, age at diagnosis, smoking history, and other health information via
a standardized questionnaire. Blood pressure was measured according
to the Hypertension Detection and Follow-Up Program protocol.11 A
blood sample was obtained from which total glycated hemoglobin
was determined. Stereoscopic film fundus photographs of seven stan-
dard fields were taken for both eyes after dilation of the pupils. These
photographswere graded for the presence and severity of DR according
to a six-level modification of the Airlie House classification of DR,12 in
which levels are defined as follows:

• Level 10: no retinopathy
• Level 20: microaneurysms or blot hemorrhages only
• Level 30: microaneurysms and one or more of the following: retinal
hemorrhages, but total of hemorrhages and microaneurysms less
than those in standard photograph 2A of the Diabetic Retinopathy
Study; hard exudates less than standard photograph 3; soft exudates
questionably present; intraretinal microvascular abnormalities ques-
tionably present; venous beading questionably present; venous
loops definitely present

• Level 40:microaneurysms and one ormore of the following from def-
inition of level 50 notmet: hemorrhages andmicroaneurysms greater
than or equal to standard photograph 2A; hard exudates greater than
or equal to standard photograph 3; soft exudates definitely present;
intraretinal microvascular abnormalities definitely present; venous
beading definitely present; larger venous loops or reduplication defi-
nitely present
Table 1
Characteristics of pregnant and non-pregnant participants at the baseline examination.

Measure Pregnant

N Mean (SD) or N (%

Duration of diabetes, yrs 158 11.99 (7.15)
Age, yrs 158 26.87 (4.66)
Systolic blood pressure, mm Hg 148 116.82 (14.80)
Diastolic blood pressure, mm Hg 148 69.13 (10.86)
Total Glycated hemoglobin, % 136 8.27 (2.06)
Present proteinuria 136 25 (18.38%)
Mean CRAE in both eyes, μm 135 165.41 (14.88)
Mean CRVE in both eyes, μm 135 247.64 (25.28)
Present DR in one or both eyes 143 106 (74.13%)
• Level 50: DRS Group 3, which we describe roughly as any 3 of the fol-
lowing in fields 4–7: hemorrhages and microaneurysms equaling or
exceeding those in standard photograph 2A in at least two fields;
soft exudates definitely present in N2fields; intraretinalmicrovascular
abnormalities definitely present in N2 fields; venous beading defi-
nitely present in N2 fields; intraretinal microvascular abnormalities
present in 4 fields and greater than or equal to standard photograph
8A in N2 fields

• Level 60: proliferative diabetic retinopathy

Fundusphotographswere digitized into a lossless file format. Retinal
vessel diameters were measured from the digitized images by trained
graders who were masked to subject characteristics. Retinal arterioles
and venules located 0.5 to 1.0 optic disc diameters from the discmargin
were measured using a semi-automated computer program (IVAN,
University of Wisconsin-Madison; Ferrier, NJ). Following a standard
protocol, the grader determined each vessel to be an arteriole or venule
using the original color photographs for reference. On average, nine ar-
terioles and nine venules were measured per eye. Retinal vessel mea-
surements were summarized using measurements from the six largest
arterioles and six largest venules to produce the central retinal arteriolar
equivalent (CRAE) and the central retinal venular equivalent (CRVE),
respectively.13

Information about health of the infants was abstracted from hospital
delivery charts and the subsequent hospital stay. Information varied
among the hospitals and practitioners but in most cases included deliv-
ery type, gestational age, birth weight, birth length, birth heart rate, re-
suscitation status, and Apgar scores at 1 and 5 min. Congenital
anomalies were recorded in the delivery suites or at some time prior
to discharge. Diagnoses were coded according to the ICD 9.14 Autopsy
reports were reviewed when available for stillborn infants and for
those infants who were born alive but did not survive the initial hospi-
talization. Maternal report was accepted as evidence of abortion.

Participants were invited to complete a follow-up examination ap-
proximately a year later (postpartum, for those who had been preg-
nant), where the same examination and photography protocols were
followed.

2.3. Definitions

Severe adverse outcomes for the infant are listed in Supplemental
Table 1. Duration of diabetes was defined as the period between the re-
ported age at diagnosis and the baseline visit. A participant was consid-
ered a current smoker if she had smoked N100 cigarettes in her lifetime
andwas currently smoking. The presence of DR in an eyewas defined as
level 20 or higher on the modified Airlie House classification scale. Inci-
dence of DRwas defined as an increase from level 10 at baseline to level
20 or higher by the follow-up examination. Progression of DR was de-
fined as an increase of one or more step on the modified Airlie House
classification scale between baseline and the follow-up examination.
Concatenated retinopathy score was based on the maximum retinopa-
thy level in the two eyes, assigning a higher score when a person's
Non-pregnant

) N Mean (SD) or N (%) P

279 14.34 (8.07) 0.002
279 29.06 (7.54) b0.001
274 119.49 (16.90) 0.105
274 79.06 (11.37) b0.001
264 11.70 (2.80) b0.001
259 52 (20.08%) 0.644
241 166.35 (16.04) 0.574
243 250.07 (23.72) 0.351
273 209 (76.56%) 0.487
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other eye was at the same level and a lower score when the other eye
was at a lower level (e.g. concatenated scores −10/10, 20/b20, 20/20,
30/b30, 30/30 etc.).15
2.4. Statistical analyses

Baseline characteristics of pregnant and non-pregnant womenwere
compared using standard univariate logistic regression for binary char-
acteristics and linear regression for continuous characteristics. The
study data are derived from study visits approximately one year apart,
during the first trimester (baseline) and post-partum in the pregnant
group and at two visits a year apart for the non-pregnant group.

Two primary analyseswere performed. For each, a series of standard
logistic regression models were fit. An initial model was built including
the risk factor of interest and covariates chosen by backward selection
criteria. Covariates which were not significant predictors but altered
the modeled relationship between the factor of interest and the out-
come were included as confounders. Retinal vessel diameters were
then added as part of a second model. Where appropriate, baseline ret-
inopathy level was added as part of a third model.

The first primary analysis examined the association of pregnancy
with incidence and progression of DR, considering duration of diabetes,
glycated hemoglobin level, and systolic blood pressure as potential co-
variates. Each eye was modeled using generalized estimating equations
to account for correlation between the eyes. A secondary analysis was
performed in which progression of DR was redefined as a two-level in-
crease on the modified Airlie House classification scale.

The second primary analysis examined the association of retinopa-
thy in the mother with severe adverse outcome in the infant, consider-
ing maternal characteristics at the baseline examination (age, duration
of diabetes, smoking status, total glycated hemoglobin level, and systolic
blood pressure) as possible covariates. Concatenated baseline retinopa-
thy score was used to represent retinopathy in the mother, and CRVE
and CRAE were each averaged across the right and left eye to represent
retinal vessel diameters in the mother. Procedures were performed
using SAS software (SAS Institute Inc., Cary, NC, Version 9.4).
3. Results

3.1. Retinopathy outcomes

Of the 437 women considered for analysis (158 pregnant, 279 non-
pregnant), 23 were excluded due to missing baseline retinopathy data
in both eyes, 66 because both eyes were already at level 60 on themod-
ified Airlie House classification scale and were therefore ineligible for
change (either incidence or progression) of DR, and 5more due tomiss-
ing retinal vessel diameter data. Of the 343 remaining participants, 36
were excluded due to missing retinopathy data at the follow-up exam-
ination. This left 307 participants for analysis, of which 106 (34.5%)
were pregnant. These 307 women contributed up to 583 eye-intervals
for analysis.
Table 2
Multivariate models for incidence of DR.

Predictor Model 1: adjusted for significant
confounders

OR (95% CI)

Pregnancy status 4.13 (1.31, 12.98)
Duration of diabetes, per 5 yrs 2.49 (1.48, 4.20)
Total Glycated hemoglobin, per 1% 1.28 (1.11, 1.47)
CRAE, per 10 μm
CRVE, per 10 μm
3.2. Incidence of DR

Of the 583 eye-intervals considered for analysis, 382 were excluded
because the eye in question was already at level 20 or higher on the
modified Airlie House classification scale at baseline and thus ineligible
for incidence of DR. Of the remaining 201 eye-intervals, 74 belonged to
pregnantwomen, 18 of which developed DR (24.3%), and 127 belonged
to non-pregnant women, 32 of which developed DR (25.2%). While
adjusting for duration of diabetes and glycated hemoglobin (Table 2,
Model 1), pregnancy was significantly associated with increased odds
of incidence of DR (OR=4.13, CI=1.31–12.98).When retinal vessel di-
ameters were added (Table 2, Model 2), the association of pregnancy
with incidence of DR was modestly strengthened (OR = 4.43, CI =
1.42–13.79). This amounted to a 4.9% change in the log odds.
Retinal vessel diameters were not themselves associatedwith incidence
of DR.

3.3. Progression of DR

All 583 eye-intervals were included when modeling progression of
DR, of which 205 belonged to pregnant women, with 65 experiencing
progression of DR (31.7%), and 378 belonged to non-pregnant women,
with 114 experiencing progression of DR (30.2%). While adjusting for
duration of diabetes and glycated hemoglobin (Table 3, Model 1), preg-
nancywas significantly associatedwith increased odds of progression of
DR (OR = 2.38, CI = 1.37–4.12). When retinal vessel diameters were
added to the model (Table 3, Model 2), the association of pregnancy
with progression of DR was strengthened (OR = 2.62, CI =
1.52–4.51), amounting to an 11.2% change in the log odds. When base-
line retinopathy level was added (3, Model 3), the association was fur-
ther strengthened (OR = 3.09, CI = 1.68–5.69).

In a secondary analysis, progression of DR was redefined as an in-
crease of two or more levels on the modified Airlie House classification
scale (Supplemental Table 2). Of the 583 eye-intervals considered for
analysis, 581 were eligible for progression under this stricter definition,
and progression was experienced in only 28 (13.7%) eyes among preg-
nantwomen and 44 (11.7%) eyes among non-pregnantwomen. Despite
having fewer cases of progression in both groups, the model estimates
were similar to those for the one-step definition of progression, with
an OR of 2.88 in pregnantwomenwhile adjusting for duration of diabe-
tes and glycated hemoglobin and a strengthening of the association
while also adjusting for retinal vessel diameters and baseline retinopa-
thy level.

3.4. Infant outcomes

Of the 158 well-documented pregnancies considered for analyses,
17 pregnancies were excluded for missing or ungradable baseline
concatenated retinopathy data and 9 were excluded for missing retinal
vessel diameter data. Among the 132 pregnancies contributing to anal-
ysis, 22 (16.7%) resulted in still births, spontaneous abortions, or babies
with severe adverse outcomes. Mean CRVE was wider in mothers of in-
fants with severe anomalies, but in this reduced sample the difference
covariates and Model 2: adjusted for retinal vessel diameters

P OR (95% CI) P

0.015 4.43 (1.42, 13.79) 0.010
b0.001 2.44 (1.44, 4.14) b0.001
b0.001 1.30 (1.13, 1.49) b0.001

1.21 (0.86, 1.71) 0.267
0.98 (0.78, 1.24) 0.897



Table 3
Multivariate models for progression of DR.

Predictor Model 1: adjusted for significant
covariates and confounders

Model 2: adjusted for retinal vessel
diameters

Model 3: adjusted for baseline
retinopathy level

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Pregnancy status 2.38 (1.37, 4.12) 0.002 2.62 (1.52, 4.51) b0.001 3.09 (1.68, 5.69) b0.001
Duration of diabetes, per 5 yrs 1.14 (0.98, 1.33) 0.078 1.13 (0.97, 1.32) 0.115 1.39 (1.12, 1.71) 0.002
Total Glycated hemoglobin, per 1% 1.22 (1.13, 1.33) b0.001 1.23 (1.13, 1.34) b0.001 1.25 (1.14, 1.37) b0.001
CRAE, per 10 μm 1.11 (0.93, 1.32) 0.247 1.05 (0.89, 1.25) 0.551
CRVE, per 10 μm 1.06 (0.95, 1.18) 0.295 1.11 (1.00, 1.24) 0.051
Baseline retinopathy, per 1 level 0.63 (0.48, 0.82) b0.001

533B.EK. Klein et al. / Journal of Diabetes and Its Complications 33 (2019) 530–534
between the two groups ofmothers was not significant. Higher baseline
concatenated retinopathy level was associated with increased odds of
having a severe adverse outcome in the infant (OR = 1.27, CI =
1.06–1.52). When retinal vessel diameters were added to that model
this relationship was largely unaffected (Table 4).

4. Discussion

This investigation builds upon a prior study of the association of
pregnancy in women with T1D to DR in themother and of baseline ret-
inopathy level to severe adverse outcomes in the fetus.5,16 The purpose
of these analyses is to expand that investigation to include additional
characteristics of the retinal vasculature in women with T1D to the
same outcomes as originally described. Specifically, the current aims
are to determine whether retinal vessel diameters provide additional
markers of incidence or progression of DR during pregnancy and to
evaluatewhether retinal vessel diameters influence the odds of a severe
adverse outcome in infants of diabetic mothers.

While adjusting for important risk factors such as duration of diabe-
tes and glycated hemoglobin, there were differences in incidence and
progression of DR between pregnant and non-pregnant women. There
was some evidence that retinal vessel diameters provided additional in-
formation about risk. Namely, retinal vessel diameters were found to be
modest confounders of the relationship between pregnancy and
progression of DR. Measurement of retinal vessel diameters, currently
performed by specially designed computer programs with trained
grader oversight, may be further refined to minimize human oversight
while improving efficiency and thus reducing cost and permitting im-
proved estimates of risk to pregnant T1D women.

In our study, retinal vessel diameters do not provide independent in-
formation beyond baseline retinopathy status for risk of adverse out-
comes in the infant. However our sample size to test this possibility
was small. A larger sample would be desirable to further test the utility
of themeasure of retinal vessel diameters to quantitate the use of these
measures for prognosis of infants of mothers with T1D.Thus, the find-
ings from the investigations described here are in concert with previ-
ously reported findings, which were done prior to the measurement
of central retinal arteriolar and venular equivalents.

This study has several limitations. Care patterns were not uniform
throughout the pregnancy and in the postpartum follow-up period.
This likely affected our information about retinopathy as well as the
Table 4
Multivariate models for infant outcome.

Predictor Model 1: adjusted for sig
and confounders

OR (95% CI)

Concatenated retinopathy score, per 1 unit 1.27 (1.06, 1.52)
Duration of diabetes, per 5 yrs 1.18 (0.74, 1.87)
Total Glycated hemoglobin, per 1% 1.15 (0.87, 1.53)
Mean CRAE in both eyes, per 10 um
Mean CRVE in both eyes, per 10 um
infant outcome. Participants were mainly of European descent, and
this ethnic uniformity may affect generalizability. In addition, there
may have been differences in health care between the pregnant and
non-pregnant groups. Guidelines, based on information from theDiabe-
tes Control and complications Study and from theWisconsin Epidemio-
logic Study of Diabetic Retinopathy, for levels of glycemia are currently
lower than they were when this study was undertaken in all persons
with T1D. Nevertheless there are more current data to suggest that se-
vere adverse infant outcomes in infants ofmotherswith T1D are still rel-
atively common.17 Further studies on women with T1D aimed at
decreased microvascular and other complications of T1D should be a
health care priority for future medical research.
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