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Introduction
Retinopathy is a common complication of pregnancy in type 1 

diabetes mellitus and preterm delivery may be induced in proliferative 
retinopathy in order to save eye-sight [1,2]. Retinopathy has a complex 
pathogenesis including dysfunction of vascular endothelial cells and 
inherent genetic and growth factors; it may share common pathways 
with other vasculopathy i.e. albumin excretion rates. The arterial 
resistance index (AASI) has been used to detect arterial dysfunction 
and correlate with known microangiopathy and predict mortality in 
patients with hypertension. Pregnancy in a young population with 
known retinopathy seems to be suited to evaluate the use for AASI 
in predicting increased risk and assessing the vascular beds ability to 
adapt to superimposed morbidity like preeclampsia.

Other risk factors have been recognized, one of them is elevated 
level of homocysteine [3]. Increasing incidence of vasculopathy 
and preeclampsia in diabetes mellitus is associated with increased 
homocysteine level [4-6]. Accumulating evidence points at genetic 
factors in the genesis of preeclampsia and concurrent increased 
homocysteine plasma levels [7,8]. Supplementation with folic acid and 
vitamin B6 has been applied with some beneficial effect in pregnancy 
with a history of intrauterine growth restriction and preeclampsia [9]. 
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Abstract
Aim: The arterial wall elasticity and genetic setting is a potential risk factor for dysfunction of vas¬cular endothelial cells and the clinical expression of retinopathy. 
The prevalence was evaluated of polymorphism in the genes of methylene-tetrahydro-folate-reductase (MTFHR), Factor V, glycoprotein IIb/IIIa (Gp2b3a), and 
prothrombin in a cohort of pregnant women with type 1 diabetes. The role of hyperhomo¬cysteinemia in microangiopathy in diabetes mellitus has been debated 
and is mainly seen with reduced activity of the MTHFR gene. The arterial resistance index (AASI) has been used to detect arterial dysfunction and correlate with 
cardiovascular morbidity and mortality in patients with hypertension.

Design: Two-hundred-and-thirty-three women with type 1 diabetes mellitus were analyzed for MTHFR gene polymorphism and Factor V Leiden. In 176 of these 
women AASI was further evaluated. In a sub-cohort of 40 women with preeclampsia, mutations in glycoprotein IIb/IIIa (Gp2b3a) and prothrombin was measured. 
The pregnancy and ophthalmological examination data charts were reviewed retrospectively.

Results: Retinopathy was associated with higher AASI during pregnancy (p<0.01, in all three trimesters) and preeclampsia (p<0.05). The stiffness increased with 
higher grades of retinopathy. AASI in women with simplex and proliferative retinopathy followed different patterns during the three trimesters, even when adjusted 
for age, BMI, and glycemic regulation (p<0.01). None of the studied coagulation genes (MTHFR, Factor V, Gp2b3a, and prothrombin) were found associated with 
retinopathy or preeclampsia.

Conclusion: Retinopathy showed a strong association with AASI during pregnancy and not outside pregnancy in women with type 1 diabetes. This suggests a 
pregnancy-related functional change in the vascular bed.

A common polymorphism in methylene-tetrahydro-folate-reductase 
(MTFHR 677C>T, a C to T substitution at nucleotide 677, which 
converts alanine to a valine residue) has been identified as responsible 
for reduced MTHFR activity and increased plasma homocysteine 
[10,11].

Factor V Leiden is a mutated form of human factor V that causes 
an increase in blood clotting. With this mutation, the anticoagulant 
protein secreted is inhibited, leading to an increased tendency to form 
dangerous, abnormal blood clots. Factor V Leiden is the most common 
hereditary hypercoagulability disorder amongst ethnic Europeans and 
linked with increased risk of preeclampsia, abortions, intrauterine 
growth restriction, placental abruption, and thrombosis [12-14]. 

Glycoprotein IIb/IIIa (Gp2b3a, also known as integrin αIIbβ3) is 
a complex found on platelets. It is a receptor for fibrinogen and von 
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Willebrand factor and aids platelet activation. The complex is formed 
via calcium-dependent association of Gp2b3a, a required step in normal 
platelet aggregation and endothelial adherence. Platelet activation leads 
to the change in the platelet Gp2b3a receptor that induces binding to 
fibrinogen. Polymorphism in integrin has been linked to preeclampsia 
and abortions [15].

Prothrombin (coagulation Factor II) is proteolytically cleaved 
to form thrombin in the clotting process. Thrombin in turn acts as a 
protease that converts soluble fibrinogen into insoluble strands of fibrin 
that form part of a clot, as well as catalyzing many other coagulation-
related reactions. Prothrombin mutations increase the risk of ocular 
thrombosis and abortions [14].

In this study, we examined the elasticity of the vascular wall 
by AASI and the prevalence of several genetic factors in pregnant 
women with type 1 diabetes mellitus. The associated morbidity with 
vascular dysfunction observed during pregnancy, i.e. retinopathy and 
preeclampsia was evaluated on the assumptions that the dynamic 
changes in the stiffness of the arterial wall and genetics may lead to 
similar events and would depict the biological characteristics of 
vasculopathy during pregnancy.

Material and methods 
Two-hundred-and-sixty-eight pregnant women with insulin-

dependent diabetes mellitus were recruited from the maternity ward 
between 1992 and 1998. In 233 women, the gene for MTFHR was 
successfully analyzed. The women were scheduled for ophthalmologic 
examination before pregnancy, once in each trimester, and 4 months 
after birth. Before and after pregnancy 103 women (44%) and 171 (73%), 
respectively, had an ophthalmologic examination. All 233 women had 
at least three fundus examinations during pregnancy except from ten 
who had less than three. These ten women displayed no retinopathy. 
Fundus photography was only performed in 53% of the women. 

During pregnancy, the women came for routine ambulatory visits 

every second week until week 32 and hereafter weekly. Twenty-four-
hour urine was collected for measurement of albumin excretion rate 
at every visit. Consistent normoalbuminuria was defined as samples 
from more than 2 visits with an urinary albumin excretion rate <30 
mg, microalbuminuria as 30 mg - 299 mg, and macroalbuminuria >299 
mg per 24 hours. All women but two were on frequent dose insulin 
(4-6 times daily) and glycemia was monitored by frequent home 
measurements using regularly calibrated home glucometers. 

BP was measured using a portable oscillometry monitor providing 
more than 60 readings per person per 24 h (SpaceLab 90207, Redmond, 
WA, USA). The details on validation of monitors, the recommended 
clinical setting, and the timing during the day of BP are found on 
the British Hypertension Society’s homepage at www.bhsoc.org 
[17]. The equipment was programmed for cuff insufflations every 20 
minutes from 0600 to 2300 h, and every hour during the night. At 
inclusion and after demonstration of equipment, three auscultatory 
BP were measured in the supine position. The average of these 
three auscultatory measurements was termed the clinical BP. All 
auscultatory measurements were recorded with use of a random zero 
sphygmomanometer (Hawksley, Lancing, U.K.). The women followed 
their normal physical and daily activities throughout pregnancy and 
the women stated whether the measurement of BP took place on a 
workday or not. The measurement of BP was performed in gestational 
week 13, 25, and 33 and three months post partum in women with 
T1DM and at week 18 and 33 in the non-diabetic women. 

The regression slope of diastolic on systolic BP from unedited 
24-h recordings was computed for each participant at every time point 
in pregnancy. AASI was defined as one minus the regression slope 
of diastolic BP on systolic BP from the diurnal recording [18]. The 
regression line for AASI was not forced through zero. Thus, the stiffer 
the arterial tree, the closer the regression slope approaches zero and 
AASI consequently approaches one (Figure 1). 

Preeclampsia was defined as diastolic blood pressure of 90 

Red hollow circles: women with simplex retinopathy, mean 125/72, AASI= 1-slope (interrupted line) =1-0.89 = 0.11
Blue filled diamonds: Woman with proliferative retinopathy mean blood pressure 119/75, AASI = 1-slope (full line) = 1-0.25= 0.75. Arrow indicates the slope of blood pressure readings of 
the woman with proliferative retinopathy

Figure 1. Diurnal blood pressure readings from monitor in 3rd trimester in two women with retinopathy.
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mmHg or greater and albuminuria in excess of 300 mg in previously 
normo- and microalbuminuric women. In macroalbuminuric women 
preeclampsia was diagnosed when albumin excretion and uric acid 
increased significantly (three- and twofold, respectively). A birth 
weight ratio was computed by dividing the observed birth weight with 
the expected birth weight for the same gestational age and gender. The 
expected weights were calculated and distributed by the Danish Health 
and Medicines Authority based on the work of Marsál et al. [19].

The study was part of an evaluation of morbidity in diabetic 
pregnancy with respect to nephropathy and retinopathy approved by 
the local Ethical Committee (jr.nr.1992/2523, 1998/4147, and 2026-99) 
and by the Danish Data Protection Agency (no. 1-16-02-92-16) and all 
women gave their informed consent.

Genomic DNA was extracted from peripheral blood leukocytes 
from frozen samples, spotted on Whatman filter paper (Struers KEBO 
Lab. Rødovre, Denmark) and extracted according to the methods of 
Jinks et al. [20]. The MTHFR 677C>T polymorphism was detected 
according to Frosst et al. [10]. Polymerase chain reaction was carried out 
in a volume of 25 µl. We used 3 µl of the supernatant from the women 
blood spots as a polymerase chain reaction template. The methods of 
for detection of Factor V Leiden (1691G→-A) and the prothrombin 
20210 G→A variant were performed according Gaustadnes et al. [21]. 
The background population consisted of samples drawn from Guthrie 
cards submitted to Statens Serum Institute, Copenhagen, in the cohort 
of children in Denmark [21]. The background population’s incidence 
for MTHFR (677C→T), Factor V Leiden, and the prothrombin mutation 
20210 was 50% (n=1084), 7% (n=4188), and 2% (n=500), respectively. 
Polymorphism in glycoprotein 2b3a, the PlA polymorphism, was 
detected by capillary electrophoresis following DNA extraction 
described by Miller et al. and O’Connor et al. [22,23]. In 40 women 
with preeclampsia (hereof 30 women with retinopathy) were chosen 
for analysis of the rare mutations in prothrombin and Gp2b3a as 
increased incidences in mutations are easier to detect if present in 
clinical meaningful numbers.

For MTFHR mutation the minimum sampling size was calculated 
to 186 subjects in each group (background vs. diabetes) if a difference 
of 10% was to be detected and 44 subjects if a difference of 20% was to 
be detected with a background frequency of heterozygosis of 42%, a 
two-sided p-value (α) of 0.05, and a power of 80 (β =  0.2).

Statistical analysis

Statistics was performed with IBM SPSS statistics 20. Difference 
between two means was tested with Student’s t-test if data followed 
Gaussian distribution; otherwise Mann-Whitney’s test was used. 
For evaluation of the contingency tables, Yates’ test was used with 
correction for continuity in 2×2 tables, Fisher’s test was used if any 
cell contained less than 6 persons. In 2×3 tables, Fisher’s test for 
independence was performed assuming no direction of a trend. Then, 
if it showed p<0.05, the table was tested with the χ2-test for trend. 
Comparison of the difference between means was tested with analysis 
of variance (ANOVA). Newman-Keul’s post-hoc test was applied when 
the ANOVA test was p<0.05. Linear regression analysis was performed 
with AASI as dependent variable and retinopathy, preeclampsia, 
HbA1c, age, and BMI as independent variables. Repeated measures 
analysis of variance (two-way-ANOVA) was used for comparison 
between groups during and after pregnancy and co-variants were 
added. A two-sided p<0.05 was the level of significance. Values are 
given as mean ± SD, unless otherwise stated.

Results
Forty-one of 233 women (18%) had microalbuminuria and 20 (9%) 

macroalbuminuria during pregnancy. Ninety-two women (39%) had 
simplex and twenty women (9%) proliferative retinopathy. Sixty women 
(26%) had preeclampsia and the incidence was associated with grade 
of retinopathy (Table 1, p<0.04). The incidence of preeclampsia rose 
with 100% when retinopathy was present (13 vs. 27%, no retinopathy 
vs. present retinopathy, p<0.02). In women with normoalbuminuria 
this association was not found (15 vs. 23%, p=0.29). Retinopathy grade 
was found associated with HbA1c before, during and after pregnancy 
(Table 1, all time points p<0.05, data only shown for 1st trimester)

The frequency of MTHFR polymorphism was similar in women 
with type 1 diabetes mellitus irrespective of the fundus status and 
preeclampsia (Table 2, retinopathy grade, p=0.77; preeclampsia, 
p=1.0). Heterozygosis was 52, 51, and 50% and homozygosis was 10, 8, 
and 5% for the women with no, simplex, and proliferative retinopathy, 
respectively. The incidence of heterozygosis in the background 
population was 42% and homozygosis was found in 8% (Table 2); thus, 
allele frequency of MTHFR polymorphism was calculated to 29%. The 
women with type 1 diabetes mellitus had similar allele frequency of 
28% based on the sample of 233 pregnant women (p=0.78, background 
vs. diabetic women, Pearson’s χ2- test). The genotypes were in perfect 
Hardy-Weinberg equilibrium. Similarly, the distribution of the Faktor 
V Leiden mutation was neither found associated with retinopathy 
grade (p=0.67) nor preeclampsia (p=0.7, Table 3). Its incidence was 
similar to the background population (p=0.21)

In 176 of the above women AASI was evaluated and 47% of these 
women had simplex retinopathy and 9% had proliferative retinopathy; 
one woman lost her eye sight unilaterally despite laser treatment. Eleven 
percent displayed microalbuminuria and 13% microalbuminuria. 
AASI was higher during pregnancy in women with simplex and 
proliferative retinopathy; this was neither observed before nor after 
pregnancy (Table 1). Analysis with repeated measurements in 1st, 2nd, 
and 3rd trimester showed that AASI was significant associated with the 
grade of retinopathy and followed different patterns in women with 

Retinopathy grade All women with 
type 1 diabetesNo Simplex Proliferative

No. 121 92 20 233
Age (years) 29 ± 4 28 ± 5 28 ± 3 28 ± 4
BMI (kg/m2) 24 ± 4 25 ± 4 24 ± 3 24 ± 4
Duration of diabetes (years) 7 ± 6 17 ± 7 20 ± 6 13 ± 8 **
HbA1c (%) 7.0 ± 1.1 7.5 ± 1.3 8.1 ± 1.2 7.4 ± 1.2 **
Creatinine clearance (ml/min) 130 ± 26 129 ± 30 111 ± 59 128 ± 32
Diurnal sys BP (mmHg) § 116 ± 9 121 ± 9 132 ± 17 120 ± 11 **
Diurnal dia BP (mmHg) § 69 ± 6 73 ± 7 82 ± 11 72 ± 8 **
AASI pregravid § 0.33 ± 0.2 0.28 ± 0.18 0.24 ± 0.16 0.28 ± 0.18
AASI 1st trimester § 0.28 ± 0.15 0.32 ± 0.15 0.37 ± 0.18# 0.31 ± 0.16**
AASI 2nd trimester § 0.27 ± 0.13 0.32 ± 0.17 0.37 ± 0.2# 0.3 ± 0.16**
AASI 3rd trimester § 0.29 ± 0.16 0.35 ± 0.17 0.46 ± 0.21# 0.33 ± 0.17**
AASI 3 months post partum § 0.26 ± 0.18 0.24 ± 0.16 0.21 ± 0.16 0.25 ± 0.17
Preeclampsia 16 (13%) 26 (28%) 4 (20%) 46 (20%)
Birth weight (g) 3784 ± 716 3377 ± 749 2538 ± 1217# 3510 ± 886 **
Birth weight ratio a,b 1.27 ± 0.31 1.28 ± 0.27 1.01 ± 0.44# 1.3 ± 0.31 **

*: p<0.05 and **: p<0.01 test for difference between retinopathy grade (ANOVA); # post 
hoc test: p < 0.05
§: data from subcohort of 176 women, pregravid: n=34, post partum n= 110

Table 1. 1st trimester clinical and pregnancy data in 233 women with type 1 diabetes.
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simplex and proliferative retinopathy during the trimesters, also when 
adjusting for age, BMI, and glycemic regulation measured by HbA1c 
(Figure 2, p<0.001). Regression confirmed that AASI was associated in 
all three trimester, also when adjusting for preeclampsia, age, BMI, and 
HbA1c (p<0.05).

In a sub-cohort of 40 of the 60 women with preeclampsia, mutation 
analysis for Gp2b3a and prothrombin was performed. The retinopathy 
grade was not associated with Gp2b3a where only 9 mutations were 
identified, hereof seven women with simplex retinopathy and two 
women without retinopathy (28 vs. 22%, incidence of mutation in 
retinopathy vs. no retinopathy, p=1.0). No mutations in prothrombin 
were found in the same 40 women. The birth weight ratio was similar 
with respect to any of the analyzed mutations.

Discussion
The retinopathy and AASI showed a strong association throughout 

pregnancy in women with type 1 diabetes indicating that increased 
arterial stiffness is, in fact, associated with the vasculopathy. This 
relationship was not found outside pregnancy. Our findings indicate 
that vascular resistance was more apparent during pregnancy in 

women with type 1 diabetes than outside pregnancy. It appeared 
that some women with microangiopathy failed to respond to the 
physiological adaptations during pregnancy and this may be in part due 
to pre-existing structural features. Functionally impaired sensibility to 
circulating vasodilating mediators may theoretically play a role; this 
was not further investigated in this study.

We hypothesize that adaptation took place post partum, despite 
the relatively short time since delivery. Furthermore, the impact of 
lactation on vascular physiology and BP is not known. In concordance 
with our findings, others have shown that AASI is associated with 
retinopathy in non-pregnant patients with type 1 diabetes, including 
males [24,25].

There are some weaknesses in our study, which was performed 
prospectively but obviously has difficulties in obtaining complete 
data on blood pressure at all time points. Nevertheless, the number of 
participants is rather high for the methodology applied but does not 
take into account the antihypertensive treatment of some of women. 
The clinical applicability, however, was little changed by this fact. 
Despite a few neglectors, the majority consented to participate in the 
study and could be more motivated to continue also after delivery, even 
in the most problematic cases. Some selection bias has occurred due to 
referral to our tertiary center. However, it is unlikely that the usefulness 
of AASI during pregnancy would be better displayed as few pregnancies 
have higher risk of blood pressure and microvascular disorders. 

Vasodilatation during pregnancy influence retinopathy and may 
worsen its clinical course, in particular with concurrent glycemic 
malregulation [2,26]. This vasodilatation and stroke volume may also 
affect AASI, so one may argue that it is not reflecting stiffness of the 
vessels but rather pregnancy adaptation and regression post partum. 
In normal pregnancy changes in the arterial and venous sides of the 
circulation occur independently of pressure alterations with increase in 

MTFHR-Polymorphism
Retinopathy grade No Heterozygosis Homozygosis All
No 46 63 12 121
Simplex 38 47 7 92
Proliferative 9 10 1 20
All women with type 
1 diabetes mellitus

93 120 20 233

Background 
population

542 455 87 1084

Table 2. MTFHR- polymorphism in women with type 1 diabetes mellitus by retinopathy 
grade and in background population.

Figure 2. AASI during pregnancy by retinopathy grade.
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venous tone, i.e., preload, and decrease in aortic stiffness, thus reducing 
afterload, which tend to optimize cardiac function until delivery [27]. 
We confirm these observations in the changes in arterial stiffness from 
3rd trimester to post partum but extend this to be associated with 
microangiopathy i.e. retinopathy. The findings are not likely biased 
by our selected high risk setting as the findings were adjusted for 
preeclampsia and glycemic regulation.

Another lesson to learn on the relation of retinopathy with AASI 
is displayed in Figure 1 as the mean level of blood pressure need not to 
be high in order to imply a high AASI. Nevertheless by inspection, the 
woman with proliferative retinopathy reveals a stiffer vascular bed and 
less linear relationship in the variation of blood pressure.

The cross-sectional design of the study did not measure plasma 
homocysteine and coagulation factor levels and thus precluded the 
observation of development of vascular complications with these 
variables. The sampling of the study population aimed at studying 
pregnancy-induced vascular manifestations that in non-pregnant 
population samples was associated with MTFHR polymorphism 
[20,28,29]. The lack of association may be in part due to variation of 
incidence of retinopathy and preeclampsia in different population 
rather than diagnostic criteria; in addition, other background genetic 
factors may still be involved [8]. Thus, ameliorating the proposed 
effects of hyperhomocysteinemia with folic acid, vitamin B6, and 
anticoagulants has proved inconclusive in prophylaxis on preeclampsia 
[9,11,30].

The number of homozygotes of mutations in the MTFHR gene may 
be caused of either selection or random bias in a relative small sample 
like ours. Homozygosis number of a studied mutation maybe prone 
to ill-effects on health and complications associated with diabetes 
mellitus. These women may not have become pregnant at all and, thus, 
not entering our sample of pregnant, diabetic women. However, our 
observation of a perfect Hardy-Weinberg equilibrium does not support 
this view. The incidences of mutations in Gp2b3a and prothrombin 
are too low to explain common morbidity like retinopathy and 
preeclampsia. However, to our knowledge no similar study has been 
reported in pregnant, diabetic women. 

In conclusion, retinopathy showed a strong association with AASI 
during pregnancy and not outside pregnancy in women with type 1 
diabetes. This suggests a pregnancy-related functional change in the 
vascular bed.
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