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Abstract
Aims/hypothesis Our aim was to analyse possible changes in
the glycaemic control, BP, markers of renal function, and
obstetric and perinatal outcomes of parturients with diabetic
nephropathy during 1988–2011.
Methods Themost recent childbirth of 108 consecutive type 1
diabetes patients with diabetic nephropathy and a singleton
pregnancy were studied. Two periods, 1988–1999 and 2000–
2011, were compared.
Results The prepregnancy and the first trimester median
HbA1c values persisted at high levels (8.2% [66 mmol/mol]
vs 8.5% [69 mmol/mol], p=0.16 and 8.3% [67 mmol/mol] vs
8.4% [68 mmol/mol], p=0.67, respectively), but decreased by
mid-pregnancy (6.7% [50 mmol/mol] vs 6.9% [52 mmol/
mol], p=0.11). Antihypertensive medication usage increased
before pregnancy (34% vs 65%, p=0.002) and in the second
and third trimesters of pregnancy (25% vs 47%, p=0.02, and
36% vs 60%, p=0.01, respectively). BP exceeded 130/
80 mmHg in 62% and 61% (p=0.87) of patients in the first
trimester, and in 95% and 93% (p=0.69) in the third trimester,

respectively. No changes were observed in the markers of
renal function. Pre-eclampsia (52% vs 42%, p=0.29) and
preterm birth rates before 32 and 37 gestational weeks (14%
vs 21%, p=0.33, and 71% vs 77%, p=0.49, respectively)
remained high. The elective and emergency Caesarean section
rates were 71% and 45% (p=0.01) and 29% and 48% (p=
0.05), respectively. Neonatal intensive care unit admissions
increased from 26% to 49% (p=0.02).
Conclusions/interpretation Early pregnancy glycaemic con-
trol and hypertension management were suboptimal in both
time periods. Pre-eclampsia and preterm delivery rates
remained high in patients with diabetic nephropathy.
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Introduction

Adverse outcomes remain increased in pregnancies of type 1
diabetes patients compared with the general population [1, 2].
Diabetic nephropathy, which complicates 2.5–5% of type 1
diabetes pregnancies [3, 4], is associated with a particularly
high risk of hypertensive disorders of pregnancy, preterm
birth, intrauterine growth restriction and perinatal mortality
[4–14].
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Optimisation of glycaemic control and reduction of BP,
especially using renin–angiotensin system (RAS) inhibitors,
slows the progression and improves the prognosis of diabetic
nephropathy [15]. Suboptimal control of BP in early pregnan-
cy is associated with an increased risk of preterm delivery in
women with diabetic nephropathy, independent of glycaemic
control and duration of diabetes [16]. Based on data from
observational studies, the ADA recommends a BP level of
110–129/65–79 mmHg in pregnant women with nephropathy
[17].

Recent, large reports on pregnancy outcomes of type 1
diabetes patients with diabetic nephropathy are lacking. The
objective of this study was to analyse temporal changes in the
glycaemic control, BP levels, markers of renal function as
well as obstetric and perinatal outcomes of a large
population-based cohort of women with diabetic nephropathy
during 1988–2011.

Methods

Subjects We carried out a retrospective analysis of the obstet-
ric records of 145 consecutive pregnancies of type 1 diabetes
patients with diabetic nephropathy, who had a live childbirth
or a fetal death after completing 22 gestational weeks during
1988–2011 at Helsinki University Central Hospital (HUCH).
This hospital is the only centre treating pregnant pre-
gestational diabetes patients in the greater Helsinki area, serv-
ing a population of 1.7 million. After selecting only the most
recent childbirth of each woman and excluding two twin
pregnancies, a total of 108 singleton pregnancies were includ-
ed in the analyses of maternal and perinatal outcomes.
However, the total number of live births and stillbirths (147
infants) was used in the calculation of the perinatal mortality
and major malformation rates. Diabetic nephropathy was de-
fined as total protein excretion in urine ≥0.3 g/24 h or dipstick-
positive proteinuria (≥1+ from a midstream clean catch spec-
imen) in each trimester of pregnancy. Parturients with non-
diabetic causes of kidney disease were excluded. All patients
with diabetic proliferative retinopathy had laser photocoagu-
lation treatment before, during or immediately after pregnan-
cy. An institutional research permit was obtained for the study
protocol. The study was carried out in accordance with the
Declaration of Helsinki.

Obstetric follow-up Type 1 diabetes patients were referred
from primary healthcare centres and local hospitals to the
HUCH as soon as the pregnancy had been diagnosed, usually
at 6–10 gestational weeks. The duration of pregnancy was
confirmed by sonography at 11–13 gestational weeks in the
majority of pregnancies. During pregnancy, the patients visit-
ed the antenatal clinic every 2–4 weeks and more frequently
during the last trimester. Fetal biophysical profile was

assessed and weight estimated by ultrasound after 24 gesta-
tional weeks at each visit. Maternal BP was measured and
urine dipstick analysis was performed at each visit.

Monitoring of renal function Renal function during pregnan-
cy was assessed by total urinary protein excretion in 24 h,
serum or plasma creatinine concentration and creatinine clear-
ance. Serum creatinine was analysed using the Jaffe reaction
until February 2002, after which an enzymatic method on
plasma samples was used. This change in method caused a
10–15% decrease in creatinine values. The mean decrease in
plasma creatinine and creatinine clearance was taken into
account and corrected in the statistical analyses when com-
paring the two time periods. Urine protein concentration was
measured by the Biuret method until the early 1990s, and by
the benzethonium chloride method thereafter. The highest
values of serum or plasma creatinine, total urinary protein
excretion and urine dipstick results, the lowest creatinine
clearance values in each trimester of pregnancy, and the last
values of these markers 12 months before pregnancy were
recorded for the purpose of this study. Total urinary protein
excretion values <0.3 g/24 h were excluded from the analyses
if the patient had a positive dipstick result during the same
trimester of pregnancy, due to the inaccuracy associated with
the 24 h urine collection [18].

Monitoring of glycaemic status The patients measured their
fasting blood glucose and all pre- and postprandial values at
least twice per week and took 3–5 daily glucose measure-
ments on other days of the week. HbA1c was assessed every
2–4 weeks by a high-performance liquid chromatography
method (Diamat, Bio-Rad Laboratories, Hercules,
California, USA). The analysis method of HbA1c did not
change during the study period. Four HbA1c values were used
for this study: the last value measured within 12 months
before pregnancy, the first value measured in the first trimes-
ter, one measured in the second trimester between 18+0 to
22+0 gestational weeks and the last value recorded before
delivery. If two HbA1c values had been measured between
18+0 and 22+0 gestational weeks, the average value was
used.

Collection of maternal and obstetric data Information on
smoking and prepregnancy weight and height were obtained
from the maternity care cards where they are recorded as
reported by the mother at the first visit to the primary
healthcare centre. Data on BP were collected from the mater-
nity care cards and hospital records. The second highest
systolic and diastolic BP values in each trimester were record-
ed. Hypertension during pregnancy according to the conven-
tional criteria was defined as systolic BP ≥140 mmHg and/or
diastolic BP ≥90 mmHg [19, 20]. Hypertension according to
the ADA criteria was defined as systolic BP >130mmHg and/
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or diastolic BP >80 mmHg measured repeatedly during preg-
nancy [17]. Pre-eclampsia in patients with diabetic nephropa-
thy was defined as worsening of hypertension (≥15 mmHg
increase in systolic and/or diastolic BP) with a proteinuria
level of ≥5 g/24 h after 20 gestational weeks. Data on diabetes
duration and complications, antihypertensive medication and
delivery modes were collected from hospital records.

Collection of perinatal data Data on gestational age at birth,
birthweight, Apgar scores, the lowest blood glucose value of
the newborn infant and neonatal intensive care unit (NICU)
admission were obtained from patient records. Umbilical artery
blood samples were analysed for pH, acid base and
haemoglobin concentration using Ciba Corning (Bayer
Diagnostics, Fernwald, Germany/Siemens Healthcare
Diagnostics, New York, USA), Rapidlab 800 (Bayer/
Siemens) and ABL (Radiometer, Brønshøj, Denmark) pH/
blood gas analysers. Birthweights >2.0 SD units (>97.7th per-
centile) were defined as macrosomia and those <−2.0 SD units
(<2.3th percentile) as small-for-gestational age (SGA) using a
Finnish standard population standardised for infant’s sex and
gestational age [21]. Neonatal hypoglycaemia was defined as
blood glucose <2.6 mmol/l in the early neonatal period.

Statistical methods Continuous variables were analysed with
the Mann–Whitney U test or the Student’s t test. The χ2 and
the Fisher’s exact tests were used in the analysis of categorical

variables. Bivariate correlations were assessed by either the
Pearson’s or the Spearman’s correlation coefficient, depend-
ing on the distribution of the data. Multiple logistic regression
analysis was used to study associations of categorical or
continuous variables with categorical outcomes. A p value
of <0.05was considered statistically significant. The statistical
software used was IBM SPSS Statistics 22.0 (www-01.ibm.
com/software/analytics/spss/products/statistics/).

Results

Maternal characteristics The prevalence of diabetic nephrop-
athy in the most recent pregnancies of women with type 1
diabetes was 14.7% during 1988–1999 and 6.5% in 2000–
2011 (p<0.001). Maternal characteristics of the study popu-
lation comparing the two 12-year periods, 1988–1999 and
2000–2011, are presented in Table 1. Patients in the latter time
period were slightly older. The diabetes duration increased,
but the age at diagnosis of diabetes did not differ between the
two study periods. No changes were seen concerning parity or
BMI. The percentages of smokers and patients with prolifer-
ative retinopathy remained high. The prepregnancy and first
trimester HbA1c values persisted at high levels, but decreased
during both study periods by mid-pregnancy and remained
low until the end of pregnancy. The prepregnancy and the first
trimester HbA1c levels correlated with the last HbA1c recorded

Table 1 Comparison of maternal
characteristics of 108 diabetic
nephropathy patients with a
singleton delivery at HUCH
during 1988–1999 and
2000–2011

Data are means (SD), medians
(range) or frequencies (%)

The number of subjects is present-
ed in square brackets, if different
a One antepartum stillbirth with
an induced vaginal delivery was
excluded

Maternal characteristic 1988–1999 (n=65) 2000–2011 (n=43) p value

Age (years) 29 (4.7) 31 (5.1) 0.02

Age at diabetes diagnosis (years) 8 (1–21) 8 (1–17) 0.69

Duration of diabetes (years) 19 (10–34) 24 (12–33) 0.01

Nulliparous 30 (46.2) 26 (60.5) 0.15

Prepregnancy BMI (kg/m2) 23.6 (18.8–32.0) [58] 23.4 (18.4–38.4) 0.61

Overweight (BMI 25.0–29.9 kg/m2) 20 (34.5) [58] 14 (32.6) 0.84

Obese (BMI ≥30.0 kg/m2) 2 (3.4) [58] 1 (2.3) 1.00

Smokers 17 (26.2) 12 (28.6) 0.78

Proliferative retinopathy 33 (50.8) 28 (65.1) 0.14

Prepregnancy HbA1c (%) 8.2 (5.7–12.5) [36] 8.5 (6.1–13.5) [34] 0.16

Prepregnancy HbA1c (mmol/mol) 66 (39–113) 69 (43–124)

First HbA1c in first trimester (%) 8.3 (5.7–11.8) [55] 8.4 (5.6–13.7) [41] 0.67

First HbA1c in first trimester (mmol/mol) 67 (39–106) 68 (38–126)

Mid-trimester HbA1c (%) 6.7 (4.7–9.3) [50] 6.9 (5.1–9.0) [38] 0.11

Mid-trimester HbA1c (mmol/mol) 50 (28–78) 52 (32–75)

Last HbA1c before delivery (%) 6.7 (4.6–10.0) 6.8 (5.3–9.3) 0.67

Last HbA1c before delivery (mmol/mol) 50 (27–86) 51 (34–78)

Vaginal deliverya 0 (0) 3 (7.1) [42] 0.06

Elective CSa 46 (70.8) 19 (45.2) [42] 0.01

Emergency CSa 19 (29.2) 20 (47.6) [42] 0.05

CS (total)a 65 (100.0) 39 (92.9) [42] 0.06
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before delivery (r=0.45 p<0.001 and r=0.43, p<0.001,
respectively).

One parturient in the first and two in the last time period
had at least one blind eye. During 1988–1999, there were two
patients with a history of myocardial infarction and one with
obliterating arteriosclerosis. Twelve women out of 108 had
died by the end of 2013.

Obstetric outcome The delivery modes are presented in
Table 1. Elective Caesarean section (CS) deliveries decreased
when the two time periods were compared. The percentage of
emergency CS deliveries was high in the last time period, but
the change was statistically not significant. The total CS rate
remained high at 93% in the last 12-year period.

Antihypertensive medications, BP levels and hypertensive
disorders The use of RAS inhibitors and other antihyperten-
sive medications before pregnancy increased (Table 2). The

use of antihypertensive medications, mainly labetalol and
calcium channel blockers, increased in the second and
third trimesters of pregnancy. Low-dose aspirin treat-
ment was used during pregnancy in three patients
(4.6%) in 1988–1999 and three patients (7.0%) in
2000–2011. Hypertension was frequent in both study
periods throughout pregnancy (Table 2).

The pre-eclampsia incidence was high in both time periods
(Table 2). In patients with pre-eclampsia, the median (range)
systolic and diastolic BP levels in the third trimester were
170(137–209)mmHg and 100(75–112)mmHg, respectively.
Their median (range) total protein excretion in urine in the
third trimester was 9.6 (5.2–22.7) g. One case of eclampsia
occurred in 1993. Of the pre-eclampsia patients, 12 (23.1%)
delivered before 32 gestational weeks and 44 (84.6%) before
37 gestational weeks. In logistic regression analysis, pre-
eclampsia was associated with delivery before 37 gestational
weeks (OR 3.30, 95% CI [1.31, 8.34]).

Table 2 Comparison of antihy-
pertensive medication usage,
hypertension frequencies and
markers of renal function among
108 diabetic nephropathy patients
with a singleton delivery at
HUCH during 1988–1999 and
2000–2011

Data are medians (range) or
frequencies (%)

The number of subjects is present-
ed in square brackets, if different

SBP, systolic BP; DBP, diastolic
BP

Variable 1988–1999 (n=65) 2000–2011 (n=43) p value

RAS inhibitor used before pregnancy 16 (26.2) [61] 24 (55.8) 0.002

Any antihypertensive medication

Prepregnancy 21 (34.4) [61] 28 (65.1) 0.002

1st trimester 13 (21.3) [61] 14 (32.6) 0.20

2nd trimester 15 (24.6) [61] 20 (46.5) 0.02

3rd trimester 22 (36.1) [61] 26 (60.5) 0.01

SBP ≥140 mmHg and/or DBP ≥90 mmHg

1st trimester 22 (37.9) [58] 20 (46.5) 0.39

2nd trimester 28 (45.2) [62] 26 (60.5) 0.12

3rd trimester 55 (87.3) [63] 35 (81.4) 0.40

SBP >130 mmHg and/or DBP >80 mmHg

1st trimester 36 (62.1) [58] 26 (60.5) 0.87

2nd trimester 37 (59.7) [62] 33 (76.7) 0.07

3rd trimester 60 (95.2) [63] 40 (93.0) 0.69

Pre-eclampsia 34 (52.3) 18 (41.9) 0.29

Proteinuria (g/24 h)

Prepregnancy 1.50 (0.45–7.70) [13] 0.80 (0.34–4.03) [13] 0.42

1st trimester 1.55 (0.40–11.50) [28] 1.77 (0.33–10.40) [17] 0.59

2nd trimester 2.53 (0.58–22.20) [40] 2.44 (0.42–18.50) [29] 0.63

3rd trimester 5.90 (0.37–22.70) [58] 4.22 (0.45–19.80) [40] 0.17

Serum/plasma creatinine (μmol/l)

Prepregnancy 82 (60–122) [21] 68 (38–485) [24] 0.08

1st trimester 70 (57–144) [39] 67 (44–430) [31] 0.10

2nd trimester 75 (52–157) [28] 73 (44–338) [27] 0.61

3rd trimester 77 (59–291) [52] 81 (43–240) [28] 0.81

Creatinine clearance (ml s−1 [1.73 m]−3)

Prepregnancy 1.12 (0.72–2.23) [10] 1.74 (0.21–3.69) [8] 0.27

1st trimester 1.42 (0.54–2.18) [20] 1.69 (0.88–3.26) [12] 0.50

2nd trimester 1.38 (0.48–2.61) [23] 1.48 (0.67–2.83) [20] 0.23

3rd trimester 1.31 (0.25–2.20) [36] 1.67 (0.41–2.56) [21] 0.45
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Renal function Total protein excretion in urine, serum or
plasma creatinine and creatinine clearance were similar in
the two time periods (Table 2). Systolic and diastolic BP levels
in the first, second and third trimesters of pregnancy correlated
with the total protein excretion in urine in each respective
trimester (r=0.54, p<0.001 and r=0.50, p<0.001; r=0.46,
p<0.001 and r=0.48, p<0.001; r=0.50, p<0.001 and r=0.52,
p<0.001, respectively). In the third trimester, systolic and
diastolic BP values also correlated positively with serum or
plasma creatinine (r=0.39, p<0.001 and r=0.43, p<0.001)
and negatively with creatinine clearance (r=−0.33, p=0.012
and r=−0.40, p=0.002). One patient had dialysis treatment
during pregnancy in 2010.

Perinatal outcome Perinatal outcomes in the two study pe-
riods are compared in Table 3. The perinatal mortality rate was
3.4% (5/147) during 1988–2011. One newborn infant died in
1989 due to fetal asphyxia and multiple liver and kidney
malformations. Two neonatal deaths in 1991 and 1993 were
due to respiratory distress syndrome after preterm CS deliver-
ies. One stillbirth occurred in 2008 because of placental
abruption and another in 2010 due to intrauterine chronic
hypoxia. Major malformations were diagnosed in 9.5%
(14/147) of infants of diabetic nephropathy patients
during 1988–2011.

The median (range) gestational age was 253 days (186–
275) in the total cohort. The percentages of deliveries before
32 and 37 gestational weeks remained high (Table 3). Two
(3.1%) patients in 1988–1999 and one (2.3%) in 2000–2011
delivered before 28 gestational weeks. The total protein ex-
cretion in urine in the second and third trimesters correlated
negatively with gestational age at birth (r=−0.41, p=<0.001
and r=−0.38, p<0.001, respectively). In parturients with first
trimester total protein excretion <1 g/24 h or dipstick 1+,

deliveries before 37 gestational weeks were less frequent than
in parturients with total protein excretion ≥1 g/24 h or dipstick
2+ or 3+ (63.8% vs 85.0%, respectively, p=0.02). In logistic
regression analysis, first trimester BP >130/80 mmHg and the
last HbA1c before delivery were associated with preterm birth
before 37 gestational weeks (Table 4).

The mean (SD) relative birthweight of infants was 0.38
(1.8) SD units in the total cohort. No statistically significant
changes were observed in the mean relative birthweight or the
frequencies of SGA or macrosomic infants (Table 3). Systolic
and diastolic BP levels in the first (r=−0.35, p<0.001 and r=
−0.27, p=0.006, respectively), second (r=−0.41, p<0.001
and r=−0.40, p<0.001, respectively) and third (r=−0.32,
p=0.001 and r=−0.24, p=0.01, respectively) trimesters,
blood creatinine in the third trimester (r=−0.31, p=0.005)
and creatinine clearance in the second and third trimesters
(r=0.34, p=0.02 and r=0.43, p=0.001, respectively) corre-
lated with relative birthweight. In parturients with first trimes-
ter total protein excretion <1 g/24 h or dipstick 1+, SGA
infants were less frequent than in parturients with total protein
excretion ≥1 g/24 h or dipstick 2+ or 3+ (1.7% vs 17.5%,
respectively, p=0.007). In logistic regression analysis, fetal
macrosomia was predicted by maternal prepregnancy BMI
(Table 4). Second trimester total protein excretion ≥3 g/24 h
and lowermaternal age were associatedwith the delivery of an
SGA infant (Table 4).

The frequencies of newborn infants with 1 min Apgar
scores <7, umbilical artery pH <7.15 or <7.05 or neonatal
hypoglycaemia did not change (Table 3). A 5 min Apgar score
<7 was given to three infants (4.6%) in 1988–1999 and four
infants (9.3%) in 2000–2011. In logistic regression analysis,
second trimester total protein excretion ≥3 g/24 h was associ-
ated with 1 min Apgar score <7 and the last HbA1c level
before delivery with umbilical artery pH <7.15 (Table 4).

Table 3 Comparison of perinatal
outcomes of 108 diabetic ne-
phropathy patients with a single-
ton delivery at HUCH during
1988–1999 and 2000–2011

Data are means (SD), medians
(range) or frequencies (%)

The number of subjects is present-
ed in square brackets, if different
a Only live births were included

Perinatal outcome 1988–1999 (n=65) 2000–2011 (n=43) p value

Perinatal death 3 (4.6) 2 (4.7) 1.00

Gestational age (days) 254 (186–275) 246 (192–273) 0.17

Delivery <32 weeks of gestation 9 (13.8) 9 (20.9) 0.33

Delivery <37 weeks of gestation 46 (70.8) 33 (76.7) 0.49

Birthweight (g) 2978 (971) 2694 (1029) 0.15

Relative birthweight (SD units) 0.5 (1.8) 0.3 (1.8) 0.55

Birthweight >2.0 SD units (>97.7th percentile) 14 (21.5) 7 (16.3) 0.50

Birthweight <−2.0 SD units (<2.3th percentile) 5 (7.7) 4 (9.3) 1.00

Birthweight >90th percentile (>1.28 SD units) 23 (35.4) 12 (27.9) 0.42

Birthweight <10th percentile (<−1.28 SD units) 10 (15.4) 10 (23.3) 0.30

Apgar score at 1 min <7 10 (15.4) 9 (22.0) 0.39

Umbilical artery pH <7.05a 0 (0) [64] 1 (2.6) [38] 0.37

Umbilical artery pH <7.15a 3 (4.7) [64] 5 (10.5) [38] 0.42

NICU admissiona 17 (26.2) 20 (48.8) [41] 0.02

Neonatal hypoglycaemiaa 39 (60.0) 22 (53.7) [41] 0.52
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The percentage of infants admitted to the NICU increased
from 26.2 to 48.8% (p=0.02; Table 3). Respiratory distress
syndrome was diagnosed in 11 infants (64.7%) in 1988–1999
and in seven infants (35.0%) in 2000–2011 (p=0.07). The
delivery modes, preterm birth rates before 32 or 37 gestational
weeks, macrosomia and SGA rates, frequencies of umbilical
artery pH <7.05 and <7.15, and hypoglycaemia and major
malformation rates of the newborn infants admitted to the
NICU did not differ between the two time periods. In logistic
regression analysis, second trimester proteinuria ≥3 g/24 h and
first trimester BP >130/80 mmHg were associated with NICU
admission (Table 4).

Discussion

This study shows that prepregnancy and early pregnancy
glycaemic control remained suboptimal and BP levels high
despite increased use of antihypertensive medications in pa-
tients with diabetic nephropathy during 1988–2011. Pre-
eclampsia, preterm delivery and CS rates were high through-
out the study period and NICU admissions increased.

To the authors’ knowledge, our study is the largest report to
date concerning pregnancies and deliveries in women with
diabetic nephropathy. The study cohort is population-based,
which improves the generalisability of the results. The study
period of 24 years permitted the analysis of temporal changes.
Weaknesses of the study include the retrospective design, due

to which we do not have quantitative proteinuria measure-
ments and markers of renal function systematically from all
patients for the prepregnancy period and all trimesters of
pregnancy. Considering the criteria of diabetic nephropathy
used, and the comparably high prevalence of diabetic ne-
phropathy in both time periods, it is possible that we have
included a few patients with microalbuminuria instead of
overt nephropathy. However, these two groups of patients
with diabetic kidney involvement share similar perinatal risks
[22, 23].

The prevalence of diabetic nephropathy was lower in the
second study period and the median diabetes duration in-
creased, probably reflecting the delayed cumulative incidence
of persistent proteinuria observed in type 1 diabetes patients
recently [24]. Despite the improving prognosis of diabetic
nephropathy [15], premature deaths among our patients were
still common. The obesity epidemic has not affected women
with diabetic nephropathy, whose median BMI has remained
in the normal range. This is in contrast to our previous obser-
vations in other type 1 diabetes patients [25] and the Finnish
background population, in which every third parturient is
currently overweight and 13% are obese [26]. The frequency
of smoking during pregnancy was higher than the 15–17%
recorded in 1987–2010 for all Finnish parturients [27], but
similar to the figures reported by Damm et al [4]. There is a
need to intensify the antismoking counselling given to
reproductive-age women with diabetic nephropathy, as
smoking may promote the development of diabetic renal
disease [28].

Table 4 Maternal factors predicting adverse perinatal outcomes in 108 diabetic nephropathy patients with a singleton delivery at HUCH during 1988–
2011

Perinatal outcome Maternal variable Non-adjusted OR (95% CI) Adjusted OR (95% CI)a

Delivery before 37 weeks First trimester BP >130/80 mmHgb 3.23 (1.30, 8.03) 3.62 (1.24, 10.56)

Last HbA1c before delivery (%)b,c 2.32 (1.41, 3.82) 2.26 (1.28, 3.98)

Apgar score at 1 min <7 Second trimester proteinuria ≥3 g/24 h 5.28 (1.46,19.14) 4.93 (1.35, 18.01)

Umbilical artery pH <7.15d Last HbA1c before delivery (%)c 2.62 (1.17, 5.83) 2.39 (1.05, 5.42)

Macrosomia (>2.0 SD units) BMI (kg/m2) 1.22 (1.04, 1.42) 1.24 (1.05, 1.45)

Small-for-date (<−2.0 SD units) Second trimester proteinuria ≥3 g/24 h 14.00 (1.62, 121.37) 19.52 (1.91, 199.65)

Maternal age (year)c 0.80 (0.67, 0.96) 0.76 (0.60, 0.96)

NICU admissiond Second trimester proteinuria ≥3 g/24 he 6.40 (2.20, 18.65) 6.10 (2.07, 17.96)

First trimester BP >130/80 mmHge 3.76 (1.44, 9.84) 3.18 (1.19, 8.53)

a Independent variables tested in the multiple logistic regression analyses were maternal age, prepregnancy BMI, first trimester BP >130/80 mmHg,
second trimester proteinuria ≥3 g/24 h, and last HbA1c before delivery; only variables with p<0.2 in the univariate analyses were entered into themultiple
models, so that 2–3 variables were used in each multiple model
b Due to the correlation between first trimester BP >130/80 mmHg and second trimester proteinuria ≥3 g/24 h, the latter was not included in the multiple
model regarding delivery before 37 weeks
c For last HbA1c before delivery and maternal age, ORs are presented per increment
d Only live births were included
eDue to the correlation between first trimester BP >130/80 mmHg and second trimester proteinuria ≥3 g/24 h, the associations of these variables with
NICU admission were adjusted for BMI only
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The International Diabetes Federation recommends a
prepregnancy HbA1c target below 7.0% (53 mmol/mol) [29].
The median prepregnancy and early pregnancy HbA1c levels
in our study exceed this both in 1988–1999 and in 2000–2011.
The early pregnancy glycaemic control in our study popula-
tion is similar to that reported by Carr et al [16] and Ekbom
et al [22], but worse than reported by two recent small Danish
studies [4, 13]. Since many of our patients did not attend
prepregnancy care, the actual median prepregnancy HbA1c

level might be even higher. On the other hand, even though
almost 80% of patients in 2000–2011 had their HbA1c con-
trolled within 12 months before pregnancy, early pregnancy
glycaemic control did not improve. Poor glycaemic control
increases the risk of congenital malformations [30, 31], pre-
term delivery [32] and pre-eclampsia [33], all of which were
common in our study. The rate of fetal malformations was
close to the levels reported 30 years ago [5, 8]. Since the
physiological decrease in HbA1c during pregnancy is minimal
[34], the marked decrease of early pregnancy HbA1c levels by
mid-pregnancy demonstrates that improvement in glycaemic
control is possible in patients with diabetic nephropathy.
Comparable observations have been made by others [4, 11].
However, this improvement should ideally take place before
pregnancy, as intensive treatment is known to prevent the
development or slow the progression of diabetic long-term
complications and to improve pregnancy outcomes [35–37].

BP levels increased continuously towards the end of preg-
nancy in both time periods, despite the increased use of
antihypertensive medications during pregnancy in the latter
time period. Most patients exceeded the upper BP threshold of
130/80 mmHg recommended by the ADA [17]. Suboptimal
BP control in diabetic nephropathy patients with and without
antihypertensive therapy was also found by Carr et al [16].
Even in the latter study period, antihypertensive therapy was
discontinued in early pregnancy or not initiated until late in
pregnancy in many cases. No clinical guidelines regarding the
initiation or treatment targets of antihypertensive medication
in pregnant type 1 diabetes patients with or without vascular
complications exist at HUCH. The Finnish Current Care
Guidelines recommend that in non-pregnant patients with
diabetic nephropathy, BP should be controlled to levels
≤130/80 mmHg [38]. The observed correlations between BP
levels and markers of renal function during pregnancy are in
line with previous reports [5, 8, 16]. In spite of the increased
prepregnancy use of RAS inhibitors, no improvement was
seen in the levels of proteinuria or the markers of renal
function before pregnancy.

The exact diagnosis of pre-eclampsia in nephropathy pa-
tients with pre-existing proteinuria and hypertension is chal-
lenging. Various pre-eclampsia criteria have been used previ-
ously [7, 9, 13, 39]. A large proportion of our patients expe-
rienced further increase in hypertensive BP levels with con-
current development of massive proteinuria in the second half

of pregnancy, commonly leading to preterm delivery. For this
reason, we chose a strict proteinuria criterion of ≥5 g/24 h,
which has also been used to define severe pre-eclampsia in
patients without nephropathy [19]. Regardless of the criteria
used, it may be impossible to distinguish pre-eclampsia from
worsening of diabetic nephropathy based on BP and protein-
uria measurements [5]. Even using our strict criteria, the pre-
eclampsia incidence was high, which is in accordance with
previous reports [6, 8–10, 12, 13, 22].

The decrease in the elective CS rate among women with
diabetic nephropathy is in line with our observations
concerning delivery mode trends in all type 1 diabetes patients
during 1989–2008 [25]. Changes in the management of type 1
diabetes pregnancies in HUCH are likely to explain these
trends as until year 2000 the delivery mode of choice was
CS for all patients with diabetic nephropathy. Taking into
account the poor success rate of vaginal deliveries in this
patient group, and the maternal and fetal risks related to
emergency CS deliveries, our data suggests that elective CS
might be preferred for patients with diabetic nephropathy.
High CS rates (70–91%) have been recorded also in other
centres among patients with diabetic nephropathy [4–11, 14].

The preterm birth rate was similar [4, 5, 7, 12–14] or
somewhat higher [6, 8–11] than in previous studies. Most of
the preterm births are explained by the high rate of pre-
eclampsia, which typically necessitates preterm delivery.
Danish observational studies have reported reduction in pre-
eclampsia and preterm delivery in type 1 diabetes patients
with microalbuminuria or nephropathy after starting intensive
antihypertensive treatment with BP ≥135/85 mmHg and/or
urinary albumin excretion ≥300 mg/24 h [4, 13]. Using these
treatment thresholds, BP remained stable and only 2.4%
(1/41) of type 1 and 2 diabetes patients with kidney involve-
ment developed nephrotic range proteinuria during pregnancy
[4]. Considering the high frequency of hypertension and se-
vere proteinuria in our nephropathy patients, and their associ-
ations with preterm delivery, it is possible that intensified
control of BP levels starting from early pregnancy could
improve outcomes [7, 16, 40]. Aggressive treatment with up
to four antihypertensive drugs may be required to reach target
levels, due to long-term haemodynamic alterations, such as
increased peripheral vasoconstriction [13, 16, 41]. Baseline
assessments of proteinuria and kidney function should be
performed before or in early pregnancy in parturients with
diabetes to identify those with need for strict antihypertensive
control. In addition to aiming at tight glycaemic [33] and BP
control [40], low-dose aspirin treatment during pregnancy has
been recommended in women with pre-gestational diabetes to
reduce the incidence of pre-eclampsia and associated adverse
maternal and neonatal outcomes [42, 43].

Perinatal mortality in the present study was lower than the
6–11% reported in the 1980s and 1990s [5, 8, 10] but no other
improvements in perinatal outcomes are apparent. Diabetic
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vasculopathies reduce fetal growth, possibly due to associated
placental vascular insufficiency [44], partly counteracting the
growth-promoting effects of diabetes. Accordingly, in keeping
with previous reports [5, 8], the markers of renal function
during the second and third trimesters correlated with relative
birthweight. Nevertheless, it should be noted that a significant
proportion of pregnancies of diabetic nephropathy patients
may also be complicated by fetal macrosomia, as shown by
our data. However, the macrosomia rates were lower and the
SGA rates higher than recently observed in type 1 diabetes
patients [2, 25]. The relatively high proportion of infants with
1 min Apgar score <7 may be related to the high preterm birth
rate. Preterm births and emergency CSs due to pre-eclampsia
may explain the association of second trimester proteinuria
>3 g/24 h with 1 min Apgar scores <7. Poor maternal
glycaemic control in late pregnancy predisposes to fetal
chronic hypoxia [45], which is in agreement with our obser-
vation of the association between the last HbA1c level before
delivery and umbilical artery pH <7.15.

Advancements in the care of preterm infants during the last
two decades may have contributed to the prevention of early
neonatal deaths in the latter study period. Surfactant treatment
was started at HUCH in 1991 and glucocorticoid administra-
tion to the mother in threatened preterm delivery in 1992.
Nasal continuous positive airway pressure treatment became
available in the neonatal monitoring unit of the labour ward in
2002. Despite these improvements, and the unchanged rates
of fetal macrosomia, SGA infants, neonatal hypoglycaemia
and pre-eclampsia, the NICU admission rate increased. This
could be due to the high frequency of births before 32 and
37 weeks of gestation in the latter study period. The high
emergency CS rate, associated with an elevated likelihood of
fetal distress, may also have contributed to the NICU admis-
sion rate during 2000–2011. Preterm CSs due to pre-
eclampsia in patients with chronic hypertension and sig-
nificant proteinuria may have led to the association of
first trimester hypertension and second trimester protein-
uria ≥3 g/24 h with NICU admission, although this
could also be a chance finding.

In conclusion, pre-eclampsia and preterm delivery rates
have remained high and BP levels as well as early pregnancy
glycaemic control suboptimal in parturients with diabetic
nephropathy. The rapid decrease of high early pregnancy
HbA1c levels by mid-pregnancy suggests that improvement
of glycaemic control could be possible in diabetic nephropa-
thy patients already before pregnancy with active follow-up
and treatment. The high frequency of hypertension throughout
pregnancy despite the increased use of antihypertensive med-
ications calls for more attention on controlling BP in diabetic
nephropathy. Prospective studies are needed to evaluate the
impact of intensified antihypertensive treatment and low-dose
aspirin during pregnancy on pregnancy outcomes in women
with diabetic nephropathy.
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