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are associated with severe diabetic retinopathy in type 1
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Abstract To investigate whether pre-eclampsia (PE) or

pregnancy-induced hypertension (PIH) predicts the devel-

opment of severe diabetic retinopathy (SDR) in type 1

diabetes. Altogether, 203 women with type 1 diabetes who

were followed during pregnancy were re-examined within

the Finnish Diabetic Nephropathy Study. After excluding

patients with pre-pregnancy hypertension and those who

had had laser treatment or whose retinopathy was graded as

proliferative at the index pregnancy, 158 were prospectively

studied. As a surrogate marker for SDR, retinal laser pho-

tocoagulation was used. The time from pregnancy to SDR

(N = 21) or follow-up was 16 years (interquartile range,

11–19). HbA1c was repeatedly measured both during

pregnancy and follow-up. Women with prior PE (26 % vs.

6 %, P = 0.003) or PIH (24 % vs. 6 %, P = 0.008) had

more often incident SDR during follow-up compared to

those with normotensive pregnancy. The hazard ratios (HR)

remained associated with the progression to SDR after

adjustment for duration of diabetes and diabetic nephropa-

thy in a Cox regression analysis [PE: 3.5 (95 % CI

1.1–10.9); P = 0.03 and for PIH: 3.2 (1.1–9.8); P = 0.04].

The association between PIH and incident SDR did not

change after inclusion of mean HbA1c, measured during

pregnancy (all 3 trimesters) and serial HbA1c measurements

during follow-up, 3.5 (1.1–11.8; P = 0.03). However, in a

similar model, the HR for PE was no more significant 2.0

(0.6–6.8; P = NS). The results suggest that women with

type 1 diabetes and a hypertensive pregnancy have an

increased risk of severe diabetic retinopathy later in life.
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Abbreviations

DN Diabetic nephropathy

HR Hazard ratio

PE Pre-eclampsia

PIH Pregnancy-induced hypertension

SDR Severe diabetic retinopathy

T1D Type 1 diabetes

Introduction

Hypertensive disorders are more common in diabetic than

in non-diabetic pregnancies, and important causes of
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maternal and fetal morbidity and mortality [1–3]. Pre-

eclampsia and pregnancy-induced hypertension have been

argued to differ in their pathogenesis, although both entities

associate with vascular disease, such as the development of

hypertension and metabolic syndrome, years after preg-

nancy [4]. Moreover, several studies have shown that

women with a history of pre-eclampsia are at increased risk

of cardiovascular morbidity and mortality later in life

[5–7]. Interestingly, pre-eclampsia was also reported to

predict end-stage renal disease in a large Norwegian pop-

ulation-based registry study [8]. However, only a few

studies have assessed long-term effects of hypertensive

disorders on late diabetic microvascular complications. We

have earlier shown that pre-eclampsia is a risk factor for

diabetic nephropathy in women with type 1 diabetes [9]. In

contrast, pregnancy-induced hypertension was not associ-

ated with diabetic nephropathy. Whether hypertensive

pregnancy is also a risk factor for diabetic retinopathy is

unknown. The aim of this study was therefore to assess

whether pre-eclampsia or pregnancy-induced hypertension

predicts the development of severe diabetic retinopathy in

women with type 1 diabetes later in life.

Research design and methods

Baseline (index pregnancy)

A total of 396 women with type 1 diabetes were followed

throughout their pregnancy at the Helsinki University

Central Hospital, Department of Obstetrics and Gynae-

cology, between 1988 and 1996. The patients visited the

hospital starting at 6–10 weeks of pregnancy, at 2–6-week

intervals throughout the pregnancy. They were advised to

measure their blood glucose at home five times daily on

two to three days per week in order to achieve good

glycemic control defined as a HbA1c \7.5 %. For this

purpose, they were prescribed long-acting insulin, 1–3

times daily, and short-acting insulin at meals. Blood pres-

sure was measured by a sphygmomanometer after a 10-min

rest at each visit. Blood pressure was considered increased

when diastolic blood pressure was repeatedly C90 mmHg

or if it increased by a minimum of 15 mmHg during

pregnancy. Urinary protein was measured by a dipstick

method at each visit. If the dipstick repeatedly showed a ?

or a ?? result, the proteinuria (C300 mg/24 h) was con-

firmed by a 24-h urine collection. Pre-eclampsia was

defined as increased blood pressure combined with pro-

teinuria after 20 weeks of pregnancy. Pregnancy-induced

hypertension was defined as increased blood pressure

without proteinuria [10, 11]. HbA1c was measured each

month throughout the pregnancy (Diamat; Bio-Rad Labo-

ratories, Hercules, CA, USA). The first assessment during

pregnancy was done at a median of 7 weeks of gestation

(range, 7–14 weeks). The mid-pregnancy HbA1C used

was obtained closest to 22 weeks of gestation (range,

20–25 weeks), and the third measurement 2 weeks (range,

0–4 weeks) before delivery. The mean of 3 (1 per trimes-

ter) HbA1c (6.6 ± 1.0 %) measurements during pregnancy

was used in the analysis.

Follow-up study

The follow-up visit was part of the Finnish Diabetic

Nephropathy (FinnDiane) Study, a nationwide, prospective,

multicentre study founded to uncover the risk factors and

mechanisms of diabetic complications. At follow-up com-

plete data on 203, of the 396 patients followed during

pregnancy, were available. No clear differences were found

in the baseline clinical characteristics of patients who par-

ticipated in the follow-up study and those who did not as

earlier described [9]. Altogether, 158 patients were included

in the analysis after excluding patients with pre-pregnancy

hypertension (N = 23) and those who had had laser treat-

ment or whose retinopathy was graded as proliferative at the

index pregnancy (N = 22) based on the ETDRS (early

treatment diabetic retinopathy study) score from fundus

photographs [12, 13]. At follow-up, a history of laser pho-

tocoagulation of the retina was used as a surrogate marker

for severe diabetic retinopathy (SDR) [14, 15]. The exis-

tence of laser photocoagulation during follow-up was

verified from medical records until the end of year 2010.

The median time from pregnancy to an event or follow-up

was median 16 years (interquartile range, 11–19). During

this period, 21 patients had retinal laser treatment for the

first time. Although laser treatment was mostly due to

proliferative diabetic retinopathy, two women with a nor-

motensive pregnancy were treated for macular edema.

During follow-up, serial laboratory values of HbA1C

(8.5 ± 1.2 %) were obtained. The median number of

HbA1C measurements per patient during follow-up was 13

(interquartile range, 8–18). A strong correlation between

the HbA1C (8.7 ± 1.5 %) at the follow-up visit and the

serial HbA1C (8.5 ± 1.2 %) measurements during follow-

up was observed, r = 0.73, P \ 0.001. Renal status was

based on urinary albumin excretion rate (UAER) in at least

two out of three consecutive timed (either 24 h or over-

night) urine collections, such that microalbuminuria was

defined by a UAER of 20–200 lg/min, macroalbuminuria

by a UAER [200 lg/min, and normoalbuminuria by a

UAER \20 lg/min. Patients on dialysis or those who had

gained a kidney transplant were considered to have end-

stage renal disease (ESRD). Diabetic nephropathy status

was used in the multivariate analysis as a categorical var-

iable divided into four categories: normo-, micro-, macro-

albuminuria, and ESRD [16]. Estimated glomerular
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filtration rate was calculated using the Modification of Diet

in Renal Disease four-variable equation [17]. The study

was approved by ethics committees of participating centers

and conducted in accordance with the Helsinki Declaration.

Written informed consent was obtained from each patient.

All analyses were performed with SPSS 18.0.1 (SPSS,

Chicago, IL, USA). Baseline characteristics were presented

as mean ± SD for normally distributed variables and

median with interquartile range for non-normally distrib-

uted values, and percentages. For categorical values, the v2

test was used. Normally distributed variables were tested

with the Student’s t test and non-normally distributed with

the Mann–Whitney U test. Longitudinal data were ana-

lyzed with Kaplan–Meier survival curves with log-rank

tests and Cox proportional hazard survival regression with

results as hazard ratio (HR) and 95 % CI. Survival curves

were drawn by GraphPad Prism 5 (GraphPad Software, La

Jolla, CA, USA).

Results

During the index pregnancy, 97 women were normoten-

sive, 32 had pre-eclampsia, and 29 had pregnancy-induced

hypertension. Clinical characteristics are shown in Table 1.

Both women with pre-eclampsia and pregnancy-induced

hypertension were younger at the time of pregnancy

compared to those with a normal blood pressure during

pregnancy. Similarly, the gestational age and birth weight

of the fetus at delivery were lower in patients with

pre-eclampsia. Moreover, women with a history of pre-

eclampsia had a higher HbA1c than those with a normo-

tensive pregnancy. No difference in HbA1c was observed

during each trimester between women with pregnancy-

induced hypertension and normal blood pressure during

pregnancy.

During follow-up, women with a history of pre-eclampsia

more often developed severe diabetic retinopathy than

Table 1 Characteristics of patients by status during pregnancy and at follow-up

Normotensive

pregnancy (N = 97)

Pre-eclampsia

(N = 32)

Pregnancy-induced

hypertension (N = 29)

Baseline

Age (years) 30.3 ± 4.8 27.7 ± 4.1b 28.1 ± 5.1b

Duration of diabetes (years) 12.0 ± 7.9 14.6 ± 6.3 12.8 ± 7.7

BMI (kg/m2) 22.6 ± 3.0 22.2 ± 2.2 23.7 ± 3.3

Gestational age at delivery (wk) 37.5 ± 1.6 36.3 ± 1.4a 37.2 ± 1.2

Birth weight Z score (SD) 1.6 ± 1.7 1.4 ± 2.0 2.0 ± 1.5

Birth weight (g) 3.863 ± 732 3.520 ± 848b 3.930 ± 450

HbA1c I trimester (%) 7.4 ± 1.3 8.0 ± 1.5b 7.2 ± 1.4

HbA1c II trimester (%) 6.3 ± 0.9 6.8 ± 0.9b 6.4 ± 1.0

HbA1c III trimester (%) 6.6 ± 0.9 7.0 ± 1.0b 6.8 ± 1.1

Follow-up

Age (years) 42.1 ± 6.5 36.9 ± 5.7b 40.0 ± 5.5

Duration of diabetes (years) 24.0 ± 8.5 24.3 ± 7.5 24.6 ± 9.1

BMI (kg/m2) 24.8 ± 4.5 23.9 ± 2.9 25.2 ± 3.3

Waist-to-hip ratio 0.84 ± 0.06 0.85 ± 0.06 0.84 ± 0.05

Systolic blood pressure (mmHg) 129 ± 15 132 ± 15 130 ± 14

Diastolic blood pressure (mmHg) 76 ± 10 81 ± 8b 79 ± 14

Total cholesterol (mmol/l) 4.7 ± 0.8 4.5 ± 0.7 4.8 ± 0.8

HDL cholesterol (mmol/l) 1.8 ± 0.5 1.9 ± 0.4 1.9 ± 0.5

Triglycerides (mmol/l) 1.0 (0.8–1.2) 1.0 (0.8–1.1) 1.0 (0.9–1.1)

Serial HbA1c (%)c 8.5 ± 1.1 8.9 ± 1.4 8.3 ± 1.1

Insulin/Weight (IU/kg) 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.2

Estimated glomerular filtration rate (mL/min/1.73m2) 108 ± 19 94 ± 27b 111 ± 27

Insulin pump treatment (%) 6 3 10

Ever smokers (%) 53 42 45

Anti-hypertensive treatment (%) 9 33b 41a

Laser-treated retinopathy (%) 6 26b 24b

Data are mean ± SD, median (interquartile range), or percent
a P \ 0.001 and b P \ 0.05 versus normotensive pregnancy. c Serial laboratory values of HbA1c obtained during follow-up (N = 13 [8–18])
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those with a normotensive pregnancy (26 % vs. 6 %;

P = 0.003). A similar finding was observed for pregnancy-

induced hypertension compared to pregnancies with a nor-

mal blood pressure (24 % vs 6 %; P = 0.008). Furthermore,

33 % with pre-eclampsia (P = 0.001) and 41 % with

pregnancy-induced hypertension (P \ 0.001) were on anti-

hypertensive treatment during follow-up compared to 9 %

in patients with normotensive pregnancy. No difference in

smoking was observed between the groups.

Kaplan–Meier survival curves revealed a higher inci-

dence of incident severe diabetic retinopathy during fol-

low-up in women with a history of pre-eclampsia or

pregnancy-induced hypertension compared to normal

blood pressure during pregnancy (Fig. 1). Pre-eclampsia

remained associated with the progression to SDR during

follow-up after adjustment for duration of diabetes and

diabetic nephropathy status in a multivariate Cox regres-

sion analysis [HR 3.5, 95 % CI (1.1–10.9); P = 0.03]

(Table 2). Similarly, the HR for pregnancy-induced

hypertension as a predictor for severe diabetic retinopathy

was 3.2 (1.1–9.8; P = 0.04). The association between

pre-eclampsia and incident severe diabetic retinopathy

decreased after inclusion of mean HbA1c, measured during

pregnancy (all 3 trimesters) and serial HbA1c measure-

ments during follow-up, in the model 2.0 (0.6–6.8;

P = NS). However, in a similar model, the HR for preg-

nancy-induced hypertension was still significant 3.5

(1.1–11.8; P = 0.03). The results did not change either for

pre-eclampsia [HR, 2.8 95 % CI (0.7–10.6); P = 0.14] or

pregnancy-induced hypertension [HR, 4.2 95 % CI

(1.0–17.8); P = 0.045] after inclusion of anti-hypertensive

treatment in model 3 (Table 3). The same observation was

made if anti-hypertensive was replaced by angiotensin

converting receptor inhibitor/angiotensin receptor blocker

treatment (data not shown).

Notably, we could not observe any association between

the change in HbA1c during pregnancy and severe diabetic

retinopathy later in life after including duration of diabetes,

diabetic nephropathy status, and the cumulative values of

HbA1c during pregnancy and follow-up as covariates in the

Cox model [1.03 (0.7–1.4); P = 0.87].

Poor glycemic control during pregnancy was observed

in women who developed incident severe diabetic reti-

nopathy (Table 3). No difference in age or duration of

diabetes was seen. The level of mean serial HbA1c

(8.8 ± 0.8 % vs. 7.6 ± 0.8 %; P \ 0.001) during follow-

up was increased in women with incident severe diabetic

retinopathy.

Discussion

The main result of this study was the observation that

women with type 1 diabetes and a hypertensive pregnancy

developed severe diabetic retinopathy during follow-up

more often than women with a normotensive pregnancy.

The association between a hypertensive pregnancy and

Fig. 1 Kaplan–Meier survival curves for laser-treated retinopathy

(N = 21) during follow-up by pregnancy outcome. Follow-up time

16 years (interquartile range, 11–19). Normotensive pregnancy

(N = 97), PE = pre-eclampsia (N = 32), PIH = Pregnancy-induced

hypertension (N = 29)

Table 2 Cox regression analysis to assess the predictive value of pre-eclampsia and pregnancy-induced hypertension for progression to severe

diabetic retinopathy during follow-up

Pre-eclampsia Pregnancy-induced hypertension

HR (95 % CI); P value HR (95 % CI); P value

Model 1 3.9 (1.3–11.3); P = 0.02 3.5 (1.2–10.5); P = 0.03

Model 2 3.5 (1.1–10.9); P = 0.03 3.2 (1.1–9.8); P = 0.04

Model 3 2.0 (0.6–6.8); P = NS 3.5 (1.1–11.8); P = 0.03

Results are presented as hazard ratios (HR) and 95 % CI

Model 1 adjusted for duration of diabetes

Model 2 adjusted for duration of diabetes and diabetic nephropathy status

Model 3 adjusted for duration of diabetes, diabetic nephropathy status, and mean HbA1c, measured during pregnancy (all 3 trimesters), and serial

HbA1c measurements during follow-up
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severe diabetic retinopathy later in life was independent of

glycemic control in pregnancy-induced hypertension but

not pre-eclampsia.

Earlier studies have reported that women with a history

of pre-eclampsia are at an increased risk for hypertension,

cardiovascular disease, and renal disease [4–9]. We showed

that pre-eclampsia but not pregnancy-induced hypertension

was associated with diabetic nephropathy in patients

with type 1 diabetes [9]. The results of the current study in

turn indicate that both women with pre-eclampsia and

pregnancy-induced hypertension are at increased risk

for sight-threatening diabetic retinopathy. As pregnancy-

induced hypertension is by definition not associated with

signs of renal dysfunction, it may not be surprising that the

diabetic nephropathy status did not affect the relationships

between pregnancy-induced hypertension and severe dia-

betic retinopathy. Thus, our results support the earlier

hypothesis that pre-eclampsia and pregnancy-induced

hypertension are different disease entities that may be of

clinical relevance [2].

The diagnosis of severe diabetic retinopathy was based

on the history of retinal laser treatment rather than the

examination of fundus photographs. Notably, laser treat-

ment is the standard care for both severe macular edema as

well as proliferative retinopathy. In our cohort, prolifera-

tive retinopathy was the indication for laser treatment in all

but two women (macular edema). However, as these

women had a history of normal blood pressure during

pregnancy, it is unlikely that this diluted the findings.

A number of risk factors for diabetic retinopathy have

been characterized in patients with type 1 diabetes such as

hypertension, male sex, proteinuria, BMI, duration of dia-

betes, and HbA1c [18]. In our cohort, a large number of the

women with de novo hypertension during pregnancy had

hypertension also during follow-up that is in line with

earlier findings [4, 6]. However, pregnancy-induced

hypertension was independently associated with severe

diabetic retinopathy even after correcting for anti-hyper-

tensive treatment. Notably, the results were also indepen-

dent of diabetic nephropathy. HbA1c was increased during

pregnancy in patients with pre-eclampsia, but not preg-

nancy-induced hypertension, compared to women with

normal hypertension. Pregnancy-induced hypertension was

still predictive for severe diabetic retinopathy after

including the serial HbA1c values in the multivariate model

although pre-eclampsia was not. It has earlier been shown

that glycemic control during pregnancy is associated with

pre-eclampsia but not pregnancy-induced hypertension.

However, an improvement in glycemic control during

pregnancy did not alter the risk of pre-eclampsia [2, 19].

Similarly, a decrease in HbA1c during pregnancy was not

independently associated with a reduced risk of severe

diabetic retinopathy later in life.

The finding that women with either a history of pre-

eclampsia or pregnancy-induced hypertension had severe

diabetic retinopathy more often later in life, whereas dia-

betic nephropathy was only increased in women with pre-

eclampsia is intriguing. The reason for the finding cannot

conclusively be answered by this observational study.

Notably, the pathophysiology of pre-eclampsia and preg-

nancy-induced hypertension is incompletely understood.

Maternal factors in pre-eclampsia (genetic, constitutional,

and environmental) and related effects (chronic inflam-

mation, dyslipidemia, insulin resistance, endothelial dys-

function, and oxidative stress) are also associated with

increased risk for cardiovascular disease in later life [20].

Therefore, it is possible that chronic inflammation, endo-

thelial dysfunction, and oxidative stress seen in both PE

and diabetic nephropathy are required for the development

of kidney disease in these women, whereas features of the

metabolic syndrome in turn might be more important risk

factors in those with pregnancy-induced hypertension [3,

18]. It may well be that especially hypertension shown to

be a strong risk factor for diabetic retinopathy is a key risk

factor severe diabetic retinopathy later in life in women

with a history of pregnancy-induced hypertension. Another

possible hypothesis is that pre-eclampsia and diabetic

nephropathy share a genetic background that differs from

that of pregnancy-induced hypertension [21]. Furthermore,

chronic hyperglycemia is most likely involved, causing

vascular damage through a number of mechanisms,

Table 3 Clinical characteristics of the patients at index pregnancy by

laser-treated retinopathy during follow-up (N = 158)

No laser-treated

retinopathy

(n = 137)

Laser-treated

retinopathy

(n = 21)

Index pregnancy

Age (years) 29.6 ± 4.8 27.8 ± 5.4

Diabetes duration (years) 12.3 ± 7.6 15.1 ± 7.0

BMI (kg/m2) 22.6 ± 2.7 24.0 ± 3.8b

Gestational age at delivery (wk) 37.3 ± 1.5 36.8 ± 1.1

Birth weight Z score (SD) 1.6 ± 1.6 1.6 ± 2.1

Birth weight (g) 3.822 ± 719 3.720 ± 764

HbA1c I trimester (%) 7.2 ± 1.2 8.8 ± 1.3a

HbA1c II trimester (%) 6.3 ± 0.9 7.0 ± 1.1a

HbA1c III trimester (%) 6.6 ± 0.9 7.3 ± 0.9b

Pre-eclampsia (%) 16 38b

Pregnancy-induced

hypertension (%)

16 33b

Non-hypertensive pregnancy (%) 68 29b

Data are mean ± SD or percent. a P \ 0.001 and b P \ 0.05 versus

no laser-treated retinopathy
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although pregnancy-induced hypertension predicted severe

diabetic retinopathy independently of HbA1c probably

related to intermediate cardiovascular risk factors that have

a gestational expression [22].

Diabetic retinopathy may progress during pregnancy in

patients with type 1 diabetes. Somewhat conflicting studies

report an increase in retinopathy for 17–70 % of patients

[23, 24]. Diabetes duration, poor glycemic control, and

increased blood pressure have been shown to increase the

risk [25]. The definitive mechanism behind this phenom-

enon is unclear, although endothelial and inflammatory

markers have been reported to be increased in patients with

type 1 diabetes and progression of retinopathy status during

pregnancy [13].

Although pregnancy per se seems to cause progression

in diabetic retinopathy, only a few studies have investi-

gated the role of pregnancy on long-term diabetic com-

plications in patients with type 1 diabetes although de novo

hypertension during pregnancy is more common in this

patient group [26]. Pregnancy itself has not been reported

to worsen diabetic microvascular complications later in life

[27–29]. However, in a Swedish study, patients with pre-

eclampsia suffered from a deterioration of retinopathy

6 months after the pregnancy compared to women without

pre-eclampsia [30]. In our cohort, patients with pre-

eclampsia and pregnancy-induced hypertension were ana-

lyzed separately and followed for 16 years. Severe diabetic

retinopathy was more common in both groups compared to

women with a history of normal blood pressure during

pregnancy.

The pathophysiology of pregnancy-induced hyperten-

sion is largely unknown. However, insulin resistance has

been suggested to be part of the process. It might also be

secondary to other disorders, such as endocrine disorders,

or renal artery stenosis. Most likely pregnancy-induced

hypertension is often a first sign of essential hypertension,

analogous to gestational diabetes and the development of

type 2 diabetes later in life [26, 31].

To predict diabetic complications has despite intensive

research turned out to be an extremely difficult task.

Pregnancy may partly serve as window into the future

health of women with type 1 diabetes. Our findings suggest

that women with type 1 diabetes and a hypertensive

pregnancy have an increased risk of severe diabetic reti-

nopathy later in life.
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