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ABSTRACT 

Objective: Investigate how pregnancy-induced hormonal and hemodynamic changes affect retinal vessels caliber dy- 
namic and the course of diabetic retinopathy. Methods: Retinopathy grading and vessel diameter measurement using 
digital fundus photographs in women with diabetes type 1 taken no more than one year before conception, during week 
10 and/or 22, week 34, and within one year after delivery. Calibers were measured using a custom-developed semi- 
automated computer algorithm which identified the six largest arteries and six largest veins and calculated the central 
retinal artery equivalent (CRAE) and central vein equivalent (CRVE) diameters. Glycemic control was assessed quar- 
terly by HbA1c. Systolic and diastolic blood pressure was assessed at week 10, 22 and 34. Results: Photographs at 
baseline, weeks 10, 22, 34 and after delivery were available in 28 patients, of whom 24 did not progress in retinopathy. 
For those whose level of retinopathy remained stable CRAE constricted from 138.80 ± 21.27 µm at baseline to 129.88 ± 
13.97 µm at week 10 (p = 0.0379) CRVE constricted from 195.16 ± 24.98 µm at baseline to 185.97 ± 21.96 µm at week 
10 (p = 0.0400). The patients with retinopathy progression had a CRAE of 131.67 ± 13.37 µm at baseline and 132.08 ± 
11.07 µm at week 10 (p = 0.34) while CRVE was 195.33 ± 24.92 µm at baseline and 204.27 ± 10.18 µm at week 10 (p 
= 0.16). Progressors had higher blood pressures at week 10. Conclusion: Retinal vessels constricted between pre- 
pregnancy and first trimester in women who did not experience diabetic retinopathy progression. The study suggests 
that the vessels constriction seen in early pregnancy contributes to reduce the risk of gestational microvascular compli- 
cations and progression of diabetes in the eye. 
 
Keywords: Pregnancy and Diabetes Type 1; Diabetic Retinopathy; Central Retinal Artery Equivalent; Central Retinal 

Vein Equivalent. 

1. Introduction 

Pregnancy is associated with increased short-term risk of 
development and progression of retinopathy in diabetic 
patients [1], an effect that may be related to pregnancy as 
such and the accompanying changes in circulation, blood 
pressure and hormone levels, or to some other factor, 
such as iatrogenic changes in glycemia directed at opti- 
mizing metabolic control and securing a favourable out- 
come of the pregnancy. Visual loss is associated with  

microvascular lesions of the retina and these lesions are 
associated with retinal trunk vessel characteristics [2,3]. 
The physiological perturbations that occur provide an op- 
portunity to observe dynamic changes in retinopathy and 
large retinal vessel. In this study, we assessed retinal ar- 
tery and vein diameters before, during and after preg- 
nancy in women with type 1 diabetes. 

2. Subjects and Methods 

This retrospective study included singleton pregnancies 
in women with pre-gestational type 1 diabetes referred to 
the Center for Pregnant Women with Diabetes at the Rig- 
shospitalet in Copenhagen between January 2005 and 
December 2007. All patients had been treated with insu-  
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lin from the onset of diabetes. The study included only 
women with planned pregnancies. All patients were in- 
vited to follow a glycemia and blood pressure optimiza- 
tion program in general practice or at the Steno Diabetes 
Center before they discontinued the use of anticoncep- 
tional strategies. They were referred to the Center for 
Pregnant Women with Diabetes no later than gestational 
week 14. All patients underwent fundus photographic re- 
tinopathy screening at the Rigshospitalet throughout the 
course of the study. 

Inclusion required fundus photographs of acceptable 
quality from at least one eye at the following time points: 
prior to and no more than one year before conception, 
during gestational week 10 and/or 22, during gestational 
week 34, and after but no later than one year after deliv- 
ery. Patients with pre-conceptional diabetic retinopathy 
levels higher than ETDRS 35 were excluded as were pa- 
tients who had undergone laser retinal photocoagulation 
before pregnancy and patients with a history of eye dis- 
ease other than diabetic retinopathy. Patients with uncon- 
trolled systemic hypertension and patients using medica- 
tions with vaso-active properties such as angiotensin re- 
ceptor inhibitor before pregnancy or at the first trimes- 
ter examination and women who were smoking were also 
excluded. The study adhered to the tenets of the Declara- 
tion of Helsinki. Because the study was entirely retro- 
spective and did not involve biological material no ethics 
committee approval was required under Danish law. 

Fundus photography, 20 and 50 degree digital grey 
scale red free and color at a nominal resolution of 1024 × 
1024 pixels (TRC-45, Topcon Corp., Tokyo, Japan) was 
made in both eyes after pupil dilation using phenyl epi- 
nephrine hydrochloride 10% and tropicamide 1% [4,5]. 
Images were stored in an uncompressed format. For each 
session, the non-stereoscopic fundus photography proto- 
col included images centered on the fovea, on the optic 
disc, on the ends of the temporal vascular arcades, and 
over the beginnings of the temporal vascular arcades. Af- 
ter exclusion of cases of inconsistent photographic qual- 
ity 46 patients were available. 

Diabetic retinopathy (DR) was graded according to an 
abbreviated version of the final Early Treatment Diabetic 
Retinopathy Study classification [6-8]. Baseline was de- 
fined as the pre-gestational fundus photography session. 
Severity was classified level 10 (no DR), levels 20 to 53 
(non proliferative DR), and levels 61 to 85, (proliferative 
DR). Change in retinopathy severity was assessed by 
side-by-side grading of pre-gestational fundus photo- 
graphs with photographs made at gestational weeks 10 
and 22, counting the gestational session that deviated 
most from the pre-gestational baseline. Diabetic macular 
edema was not assessed. 

Retinal vessels calibers were measured using a cus- 
tom-developed semi-automated computer algorithm [5]. 

Absolute dimensions were calculated assuming a vertical 
optic nerve head diameter of 1500 µm. A grid was placed 
over the 50 degrees digital image. Retinal vessels cross- 
ing the circular zone from 0.5 to 1.0 disc diameters from 
the margin of the optic nerve were analyzed. If bifurca- 
tions or branchings were found within the annular belt, 
the trunk was preferred to its branches unless the trunk 
segment was shorter than 80 µm. The program identified 
the six largest arteries and six largest veins and calcu- 
lated the central retinal artery equivalent (CRAE) and 
central vein equivalent (CRVE) diameters according to 
empirical branching rules [9]. For the same eye, the same 
six arteries and veins were analyzed throughout the pe- 
riod of observation. Eyes were considered non-gradeable 
if one of the six largest arteries or veins could not be 
measured or if the image was deemed by the grader to be 
of poor quality compared to a standard image of accept- 
able quality and contrast. 

Descriptive parameters included age at baseline, dia- 
betes duration, and body-mass index (BMI) defined as 
weight divided by squared height. Glycemic control was 
assessed based on routine quarterly determination of 
HbA1c. Systolic and diastolic blood pressures were re- 
corded at the Rigshospitalet at gestational weeks 10, 22 
and 34. Hypertension was defined as systolic blood pres- 
sure ≥ 135 and or diastolic blood pressure ≥ 85 mmHg. 

Statistical analyses were performed using commercial 
software (SAS 9.2 software for Windows; SAS institute, 
Inc., Cary, NC). Data are given as mean ± SD, median 
(Interquartile range) or fractions (%). Categorical vari- 
ables were compared by standard t-test.  

One-way analysis of variance and summary change 
within subjects were analyzed using pair-wise tests. Ves- 
sel diameters are reported for only the right eye because 
CRAE and CRVE were correlated between eyes. Reti- 
nopathy is reported for both eyes. The level of statistical 
significance was set to p < 0.05. 

3. Results 

The study included 46 women with type 1 diabetes with 
a mean age of 31 (range 23 - 40) years. The mean dura- 
tion of diabetes was 16 (range 2 - 29) years and mean 
BMI was 25 (range 19 - 32) kg/m2. Diabetic retinopathy 
in at least one eye was seen before gestation in 20 wo- 
men (43%), of whom 14 had level 20 retinopathy in both 
eyes, 4 had level 20 in one eye and 35 in the fellow eye 
while 2 had level 35 retinopathy in both eyes. In patients 
who had diabetic retinopathy at baseline progression of 
at least 2 levels (range 47 to 71) had occurred by the end 
of the second trimester in 4 women, who all had level 35 
retinopathy in at least one eye at baseline, while retino- 
pathy remained stable in 14 patients and regressed from 
level 35 to level 20 in 2 patients. In the 26 patients with-  
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out retinopathy at baseline no development of retinopa- 
thy was seen.  

In the 42 women in whom retinopathy did not develop 
or progress, pre-gestational HbA1c was 7.28 (SD 1.02) % 
and gestational week 10 HbA1c was 6.57 (SD 1.00) % 
(Table 1, p < 0.0001) whereas the corresponding values 
for women who progressed were 7.85 (SD 1.45) % and 
6.98 (1.24) % (p = 0.0354). Women who progressed to 
higher retinopathy levels had nominally higher blood 
pressures at week 10 than the remaining patients (Table 
1) and were placed on intensified antihypertensive ther- 
apy. 

In the 42 women in whom retinopathy did not develop 
or progress, CRAE was 131.95 ± 18.53 µm at baseline 
and 132.11 ± 20.43 µm after pregnancy (p = 0.46) while 
the respective values for CRVE were 191.91 ± 27.95 µm 
and 194.80 ± 35.05 µm (p = 0.22) whereas the corre- 
sponding values for women who progressed in retinopa- 
thy severity, of whom 2 underwent photocoagulation the- 
rapy for proliferative diabetic retinopathy between weeks 
20 and 34, CRAE was 131.67 ± 10.29 µm at baseline and 
123.25 ± 4.26 µm after pregnancy (p = 0.13), while the 
respective values for CRVE were 195.33 ± 21.86 µm and 
186.44 ± 38.74 µm after pregnancy(p = 0.35), corre- 
sponding to nominal arterial and venous diameter con- 
strictions 6% and 5% in women who progressed. 

A full series of photographs recorded at baseline, week 
10, 22, 34 and after delivery was available in 28 patients, 
of whom 24 did not experience any retinopathy progres-  

sion during pregnancy while 4 patients progressed 2 or 
more ETDRS levels, leading to photocoagulation for pro- 
liferative diabetic retinopathy in 2 of these patients be- 
tween weeks 22 and 34. 

In the 24 non-progressing patients the artery and vein 
diameters constricted during pregnancy, CRAE from 
138.80 ± 21.27 µm at baseline to 129.88 ± 13.97 µm at 
week 10 (p = 0.0379) and CRVE from 195.16 ± 24.98 
µm at baseline to 185.97 ± 21.96 µm at week 10 (p= 
0.0400; Table 2, Figure 1(a)), a reduction by 7% in both 
arteries and veins. 

In the 4 patients who progressed no significant change 
was seen, CRAE being 131.67 ± 13.37 µm at baseline to 
132.08 ± 11.07 µm at week 10 (p = 0.34) and CRVE 
195.33 ± 24.92 µm at baseline to 204.27 ± 10.18 µm at 
week 10 (p = 0.16; Figure 1(b)), a nominal dilatation of 
0.3% and 4.5%, respectively. No other significant devia- 
tion from week 10 was seen in the non-progressing group 
during the rest of the period of pregnancy. In the pro- 
gressing group, no other significant deviation from base- 
line was seen during the period of pregnancy, a nominal 
constriction that could be related to PRP was seen after 
delivery.  

No significant correlation was found during the period 
of observation between CRAE/CRVE and age, HbA1c, 
blood pressure, BMI. Diabetes duration was on average 4 
years longer and blood pressure was higher in subjects 
who experienced retinopathy progression during preg- 
nancy than in patients who did not. 

 
Table 1. Clinical characteristics in relation to diabetic retinopathy (DR) progression during pregnancy in women with type 1 
diabetes. 

No DR progression DR progression 

n = 42 n = 4 
 

Mean SD P* Mean SD P* 

Age 31.22 3.98  30.75 2.75  

Diabetes duration 
(years) 

16.14 7.19  20.50 4.65  

BMI 24.95 3.18  25.43 4.40  

Systolic (mmHg) 
Week 10 
Week 22 
Week 34 

 
122.48 
122.39 
124.27 

 
11.82 
9.82 
11.93 

 
 

0.48 
0.21 

139.75 
131.75 
126.75 

8.66 
13.23 
11.41 

 
0.17 
0.05 

Diastolic (mmHg) 
Week 10 
Week 22 
Week 34 

 
72.20 
73.91 
76.95 

 
7.66 
6.91 
5.55 

 
 

0.10 
0.0002 

 
82.25 

82 
78.25 

 
2.63 
5.48 
5.32 

 
 

0.46 
0.0917 

HbA1c (%) 
Before pregnancy 

Week 10 
Week 22 
Week 34 

 
7.28 
6.57 
5.92 
5.87 

 
1.02 
1.00 
0.43 
0.38 

 
 

<0.0001 
<0.0001 
<0.0001 

 
7.85       
6.98       
6.03       
5.90       

 
1.45 
1.24 
0.78 
0.47 

 
 

0.0354 
0.0145 
0.0217 

*Pair-wise comparison with week-10 value within each group, except for HbA1c, where comparison was with most recent pre-conceptional value.     
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Table 2. Retinal vessels diameters in relation to retinopathy 
progression during pregnancy in women with type 1 diabe- 
tes. 

 
Before 

pregnancy 
Gestational week 

10 
After 

delivery 

CRAE 
mean; CI95 [µm] 

138.80 
129.60; 148.0 

129.88 
123.94; 135.92 

135.22 
127.25; 143.19

CRAE change 
mean; CI95 [µm] 

P 
 

8.91 
0.54; 17.29 

0.037 

3.58 
−3.755; 10.926

0.32 
CRVE 

mean; CI95 [µm] 
195.16 

184.35; 205.96 
185.97 

176.48; 195.47 
196.60 

181.61; 211.59
CRVE change 

mean; CI95 [µm] 
P 

 
9.18 

0.45; 17.909 
0.040 

−1.44 
−10.22; 7.34

0.73 

CI95 Ninety-five per cent confidence interval; P Paired, t-test comparing data 
from week 10 and after delivery to values before pregnancy (n = 24). 

4. Discussion 

This exploratory study examined retinopathy and retinal 
vessel diameters before, during and after pregnancy in 
women with type 1 diabetes and found that women who 
experienced retinopathy progression were characterized 
by absence of retinal vessel contraction during pregnancy. 
Contraction of both retinal arteries and veins was seen in 
women without retinopathy progression during the first 
trimester. Women with retinopathy progression experi- 
enced a reduction in arterial blood pressure related to in- 
tensification of antihypertensive therapy between gesta- 
tional weeks 10 and 22. Arterial blood pressure in wo- 
men without retinopathy progression remained stable dur- 
ing this period and their antihypertensive therapy was not 
intensified. The 9 percent fraction of patients that pro- 
gressed to higher levels of retinopathy is comparable to 
previous reports [10,11]. 

The results of this study suggests that retinal vasodila- 
tation during pregnancy is a risk factor for retinopathy 
progression. Furthermore, the study suggests that the po- 
tential interaction with antihypertensive therapy should 
be examined in more detail in a prospective study with 
extensive baseline characterization and a formal inter- 
vention protocol.  

Our results are consistent with studies of men and 
non-pregnant women where large retinal vessel diamet- 
ers have been found to be a risk factor for diabetic reti- 
nopathy [12]. Larger retinal vein diameters predicted 4 
years progression of diabetic retinopathy and progression 
to proliferative diabetic retinopathy in the Wisconsin Epi- 
demiologic Study of Diabetic Retinopathy [2]. Larger re- 
tinal artery diameters also predict incident retinopathy in 
adolescents [3]. In the present study, a nominal 7% con- 
striction was observed in the first trimester in retinal ar- 
teries and veins in women without retinopathy progres- 
sion. Women with progression demonstrated a nominal 
4.5% dilatation of retinal veins at first trimester while 
artery diameters remained unchanged.  

 
(a) 

 

(b) 

Figure 1. (a) Central retinal artery equivalent diameter in 
µm in pregnant women with type 1 diabetes who did not 
experience retinopathy progression during pregnancy (DR−, 
full line, n = 24) and in women with diabetes who progres- 
sed to higher retinopathy levels (DR+, dotted line, n = 4) in 
relation to gestational age (BP before pregnancy, numerical 
values representating, PP post-partum); (b) Central retinal 
vein equivalent diameter in µm in pregnant women with 
type 1 diabetes who did not experience retinopathy pro- 
gression during pregnancy (DR−, full line, n = 24) and in 
women who progressed to higher retinopathy levels (DR+, 
dotted line, n = 4) in relation to gestational age (BP before 
pregnancy, numerical values representating, PP post-par- 
tum). 
 

Retinal vessel dilatation is associated with signs of 
endothelial dysfunction, in the form of an absent retinal 
vessel vasodilatory response to flicker-light stimulation 
[13] 

Previous studies have demonstrated that retinal capil- 
lary blood flow is increased during pregnancy in women 
with diabetes compared to women without diabetes [14, 
15], perhaps because hypoxia in the diabetic retina has 
led to exhaustion of retinal autoregulation [16,17]. In- 
deed larger retinal vein diameters have been shown in a 
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population study to be associated with lower arterial oxy- 
gen saturation [18]. An experimental study of retinal vo- 
lumetric blood flow during pregnancy in women with 
diabetes found an association between retinopathy pro- 
gression and increasing retinal blood flow [19].  

A previous study of retinal artery diameters in 45 preg- 
nant women with diabetes found an association between 
smoking as well as smaller retinal artery diameters in the 
first trimester and lower rates of diabetic retinopathy pro- 
gression [20]. It remains to be determined whether retinal 
vasodilation promotes retinopathy or retinopathy pro- 
motes vasodilation.  

The present study did not find a relation between 
HbA1c and vessel diameters or retinopathy, possibly be- 
cause glycemia was systematically brought under control 
during a run-in period before conception. This may have 
reduced the risk of retinopathy progression during preg- 
nancy, a phenomenon that may be induced by iatrogenic 
tightening of glycemia control rather than pregnancy it- 
self [21-24]. 

The results of the present study suggest that retinal 
vessels contraction during early pregnancy is contribut- 
ing to reduce gestational microvascular complications 
and progression of diabetic retinopathy. The study is lim- 
ited by relatively small numbers and should be followed 
up by a larger prospective study. 
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