
Diabetologia (1995) 38:227-235 Diabetologia 
�9 Springer-Verlag 1995 

Pregnancies in women with diabetic nephropathy: long-term 
outcome for mother and child 
R. Kimmerle  1 , R.-P. Zafi 2, S. Cupisti 1 , T. Somvi l le  3 , R.  Bender  1 , B. Pawlowski  4, M. B e r g e 6  

1 Department of Metabolic Diseases and Nutrition, Heinrich-Heine University, DiJsseldorf, Germany 
2 Department of Pediatrics, Heinrich-Heine University, Dtisseldorf, Germany 
3 Department of Obstetrics and Gynecology, Heinrich-Heine University, Dtisseldorf, Germany 
4 Diabetes Research Institute, D%seldorf, Germany 

Summary In order to improve the basis upon which 
to advise women with diabetic nephropathy about 
pregnancy, we studied the effect of diabetic nephro- 
pathy on the course of pregnancy, perinatal out- 
come, infant development and long-term outcome of 
the mothers. All pregnancies of women with diabetic 
nephropathy (defined as proteinuria > 400 mg/day 
(n = 26), creatinine clearance < 80 ml/min and hyper- 
tension in the first trimester (n = 10)) followed at 
our centre from 1982 to 1992 were identified 
(34 White class F and 2 White class T) and the wo- 
men and their children re-examined in the spring 
1993. From the first to the third trimester the percen- 
tage of women with proteinuria over 3 g/day in- 
creased from 14 to 53 % and those treated with anti- 
hypertensive medication from 53 to 97 %. There 
were no intrauterine or perinatal deaths, but one 
child died suddenly 4 weeks postpartum. Of 36 new- 
borns (gestational week at birth 36(3), birth weight 
2384(834) g)), 11 were born before week 34 and 8 
had respiratory distress syndrome. Renal function in 
the first trimester, diastolic blood pressure in the 
third trimester and an HbAlc above normal were pre- 
dictive of gestational age at delivery and low birth 

weight (stepwise regression analysis). At  follow-up 
of the children (n = 35, age 4.5 (0.4-10) years) the ma- 
jority (n = 27) were normally developed but seven 
had psychomotor retardation (four of them major). 
One child had a severe motor  retardation due to a 
congenital anomaly. At  follow up, 21 of the 29 mo- 
thers had preserved renal function (creatinine 1.3 
(0.8-4.3) mg/dl and 8 had developed end stage renal 
disease and required dialysis (2 of whom were White 
class T) within 3 (1-9) years postpartum. Of those, 
4 women (3 White F and i White T) had died. Preg- 
nancy did not seem to specifically accelerate the rate 
of decline of renal function. In women with diabetic 
nephropathy perinatal mortality can be prevented 
but perinatal and long-term infant morbidity re- 
mains elevated. Women with severely impaired renal 
function before pregnancy are at risk for serious mor- 
bidity when their children are still young. Improve- 
ment  might be made if all women were to receive spe- 
cialized care and counselling before, throughout and 
after pregnancy. [Diabetologia (1995) 38: 227-235]. 
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Today the perinatal outcome of pregnancies of dia- 
betic women without advanced diabetic complica- 
tions is similar to that in non-diabetic women, if 
there is normoglycaemic control throughout preg- 
nancy. Therefore, in women with well-controlled dia- 
betes who do not have nephropathy or other ad- 
vanced vascular complications their decision about 
whether  or not to have children will largely be influ- 
enced by factors not associated with diabetes itself. 
In contrast, for women with diabetic nephropathy 
(who in most cases also have proliferative retinopa- 
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Table 1. Clinical characteristics of women with diabetic ne- classes B, C, D and R cared for at our centre from 1987-1992 
phropathy at the beginning of their pregnancies. For compari- are shown. (Pregnancies with spontaneous abortions are not 
son the characteristics of 110 pregnancies of women of White included) 

With nephropathy Without nephropathy 

Pregnancies~women (n) 
Age (years) 
Duration of diabetes (years) 
Planned pregnancies (n) 
Women with irregular menstrual periods (n) 
Gestations/primipari (n) 
Initial visit to diabetic pregnancy clinic (gestational week) 
Elective abortion for medical reasons (n) 

Pregnancies > 12 week of gestational/women (n) 

History of hypertension (n) 
Antihypertensive medication before pregnancy (n) 
Women legally blind (n) 

40/33 
29 +5 
20+5 
12 (30 %) 
26 (65 %) 
1 (1-14)~/26 (65 %) 
14 _+ 10 
4 (3 FR, 1 T) 

36/29 
(31 FR, 2 F, 1 HFR, 2 T) 
22 (61%) 
19 (53 %) 
3 

a Three women had a history of intrauterine deaths, b One woman had a history of intrauterine 
p = 0.001. d Significantly different at p = 0.02 

110/91 
28+4 
13 _+ 7 o 
76 (70 %)d 
10 (9 %)d 
t (1--3)8/69 (62 %) 
11 _+ 6 a 
0 

110/91 
(36 B, 38 C, 29 D, 7 R) 
1 (0.9 %) 
0 
0 

death, c Significantly different at 

thy)  conce rn  a b o u t  fe ta l  and  m a t e r n a l  compl ica t ions  
r e m a i n s  a m a j o r  issue [1-3]. D e s p i t e  subs tan t ia l  im-  
p r o v e m e n t s  in pe r ina t a l  survival  wi th  n o r m o g l y c a e -  
mic  contro l ,  t r e a t m e n t  of  h y p e r t e n s i o n  and  m o d e r n  
m e t h o d s  of  a s se s smen t  of  fe ta l  wel l -be ing  and  pe r ina -  
tal  care,  t he re  is still a h igh ra te  of  fe ta l  m o r b i d i t y  lar- 
gely due  to  p r e m a t u r i t y  [3]. 

T h e r e  a re  indicat ions  tha t  p r e g n a n c y  i tself  does  
no t  acce le ra t e  the  p rogres s ion  of  d iabet ic  n e p h r o p a -  
thy ove r  and  a b o v e  tha t  which  migh t  be  e x p e c t e d  in 
a c o m p a r a b l e  g roup  of n o n - p r e g n a n t  d iabet ic  wo-  
men ,  a l though  con t ro l l ed  trials have  not  b e e n  per-  
f o r m e d  [3-5]. H o w e v e r ,  wi th  po ten t i a l  parents ,  the  is- 
sue of  the  under ly ing  prognos i s  of  the  w o m a n ' s  r ena l  
d isease  has  to be  addressed .  Li t t le  r ecen t  i n fo rma-  
t ion is ava i lab le  on  the  l o n g - t e r m  effect  of  d iabet ic  
n e p h r o p a t h y  be fo r e  p r e g n a n c y  on  the  m o t h e r s  and  
the i r  chi ldren  [6, 7]. 

The  p u r p o s e  of  the  p r e s en t  s tudy  was to i m p r o v e  
the  basis u p o n  which  advice  on p r e g n a n c y  is g iven to 
w o m e n  wi th  d iabet ic  nephropa thy .  Whi le  no t  specifi- 
cally address ing  issues of  obs te t r ic  m a n a g e m e n t ,  we 
a t t e m p t e d  to  e luc ida te  fac tors  be fore ,  dur ing  and  
a f te r  p r egnanc i e s  assoc ia ted  wi th  specif ic pe r ina t a t  
and  l o n g - t e r m  o u t c o m e s  of  m o t h e r s  and  the i r  chil- 
dren.  The re fo re ,  we ana lysed  all p regnanc ie s  in wo-  
m e n  with  d iabe t ic  n e p h r o p a t h y  seen  at our  cen t re  
f r o m  1982 to 1992 and  r e - e x a m i n e d  the  w o m e n  and  
their  chi ldren  in the  spr ing of  1993. 

Subjects and methods 

Patient population. All pregnancies of White class F (n = 37) or 
T (n = 3) who were followed at the department of gynaecology 
and obstetrics of the Heinrich-Heine-University from 1982 to 
1992 were identified. Pregnancies were included on the basis 
of persistent macroproteinuria (> 400 mg/day (n = 33) or 
__> i + dipstick (n = 5) ) regardless of creatinine clearance and 

- in the absence of macroproteinuria - on the basis of hyper- 
tension and a creatinine clearance less than 80 mg/ml (n = 2) 
in the first trimester in the absence of urinary tract infection 
and other causes of renal disease. Pregnancies in which more 
than 400 mg/day proteinuria developed only during the sec- 
ond half of pregnancy were not included. During such preg- 
nancies (n = 40) the majority of women were additionally 
cared for at the diabetic pregnancy clinic of the department of 
metabolic diseases (n = 22) or at the diabetic pregnancy clinic 
of the Diabetic Research Institute in Dt~sseldoff (n = 12) and 
all but two women delivered babies in the department of ob- 
stetrics of our institution. 

Information on early pregnancy and on the time before 
pregnancy was obtained through retrospective chart analysis, 
records from the women's private physician and from the pre- 
natal "mother's pass", a booklet where findings (i. e., pr0tei- 
nuria, blood pressure) at each prenatal visit are documented 
and which remains with every woman cared for in Germany 
during and after pregnancies. 

The women and their children were contacted in January 
1993, 4 months to 10 years after delivery or elective abortion 
and asked to attend our diabetic and pediatric clinic, for a fol- 
low-up examination. 

The control group comprised 110 consecutive pregnancies 
of pregestational insulin-dependent diabetic women without 
nephropathy (White classes B, C, D and R) cared for jointly 
at the diabetic pregnancy clinics of the department of metabo- 
lism and nutrition and the department of obstetrics and gynae- 
cology of the Heinrich-Heine-University from 1987-1992. 

Care of women during pregnancy. Throughout pregnancy the 
women were seen every 2-3 weeks at the obstetric and diabet- 
ic pregnancy clinics where HbAlc, blood pressure, weight and 
renal parameters were determined and insulin dose adjust- 
ments discussed. Retinal status was assessed by an ophthalmol- 
ogist at least each trimester. During pregnancy the women 
used intensified insulin treatment with injection of regular in- 
sulin before each meal and NPH insulin in the morning and at 
bedtime (n = 34), ol- continuous subcutaneous insulin infusion 
(n = 6) with self-adaptations of insulin dose based upon fre- 
quent home blood glucose measurements 6-10 x/day) target- 
ing blood glucose values between 3.3-5 before and under 
7.7 mmol/1 after meals (Table 1). Thirty (72 %) of the women 
had participated in a structured treatment and education pro- 
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gramme independent of their pregnancy and were experienced 
in intensified insulin treatment. Such programmes also include 
information about family planning and pregnancy [8]. 

Assessment of the fetus included serial ultrasound imaging 
for fetal growth and anomalies. From week 26-28 the women 
were followed-up more frequently with regular fetal cardioto- 
cogram assessment and admitted for intensified prenatal mon- 
itoring if indicated. Blood pressure management was based 
upon frequent home blood pressure measurements. If the 
blood pressure exceeded 140/90 mmHg on several occasions 
despite bedrest, antihypertensive medication, which included 
methyldopa, hydralazin, atenolol (or metoprolol if serum crea- 
tinine exceeded 150 ~tmol/1) was started or intensified alone or 
in combination. Diuretics were not used [9, 10]. 

Pre-eclampsia was diagnosed clinically and defined as acute 
worsening of hypertension (> 15 % of diastolic blood pressure) 
in the presence of proteinuria > 3 g/day and generalized oede- 
m a .  

Timing and route of delivery were individualised on the ba- 
sis of a balanced assessment of the maternal condition (renal 
function, hypertension, premature labour etc.), signs of fetal 
jeopardy (severe intrauterine growth retardation, positive con- 
traction stress test or non-stress test). 

Neonatal management, After delivery all children were exam- 
ined and treated at the department of paediatrics. Infants 
whose birth weight exceeded the 90th percentile for gestation- 
al age and sex were defined as large for gestational age and in- 
fants with a birth weight lower than the 10th percentile were 
defined as small for gestational age [11]. Gestational age was 
determined by menstrual dates and modified by ultrasound ex- 
aminations early in pregnancy and by physical examination of 
the newborn infant. 

Postpregnancy follow-up. Follow-up examination of the wo- 
men consisted of a history and physical, laboratory tests of re- 
nal function and a structured interview including social and re- 
productive issues. Blood pressure was measured according to 
World Health Organisation guidelines. Retinal status was as- 
sessed by an ophthalmologist. Information on the five women 
who had died was obtained from medical records, private phy- 
sicians and family members. 

The examination of the children was performed by a pae- 
diatrician and consisted of a neurological examination and - 
for children under 6 years of age - the Denver developmental 
test (DSST). For the children older than 6 years of age the clas- 
sification of psychomotor development was based upon school 
performance and the testing of representative psychomotor 
development functions such as speech development, motor 
co-ordination (i. e., finger nose, diadochokinesis), complex mo- 
tor coordination (i. e. catching a ball), and static and dynamic 
balance (i. e., Romberg, standing on toes and on one leg and 
walking on heels and toes) [12]. Regular postnatal examina- 
tions as documented in the child's postnatal "Untersuchungs- 
buch" (examination booklet) by the German association of of- 
fice based physicians (Kassenarztliche Vereinigung) were also 
used. In this booklet examinations at defined postnatal peri- 
ods are outlined and the results documented by the private 
paediatrician. The standardized items tested are comparable 
to the items tested in the DSST. In 10 children a detailed writ- 
ten report about their health and development was obtained 
from their paediatrician or paediatric neurologist. Children 
with a normal neurological exam and a DSST index or neuro- 
developmental functions within the normal range for their 
age were classified as "normal development". Children with 
mild abnormalities on neurological examination (i. e., abnor- 
mal movements, muscular hypotony, hyperreflexia) or who 
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performed below the age standard for one function tested 
were classified as "mild neurodevelopmental retardation". 
Those who performed below the age range for several func- 
tions tested and who required special education or intensive 
remedial care were classified as "severe neurodevetopmental 
retardation". 

Laboratory tests. HbAlc was measured by HPLC (Biorad, Mu- 
nich, Germany) and HbA 1 by the column method (Boehrin- 
ger-Mannheim, Mannheim, Germany) (normal range for non- 
pregnant control subjects 4.2-5.5 % (HbAlc) and 4.0-8.0 % 
(HbA0). A glycated haemoglobin within the normal range 
for the respective method was defined as "good control", 
above the normal range as "poor control". Proteinuria, serum 
creatinine and creatinine clearance were measured by stan- 
dard laboratory methods. Creatinine clearance was normal- 
ised to 1.73 m 2 body surface. 

Statistical analysis 

Data are expressed as means (SD), as median and range or as 
frequencies. For comparison of means the parametric t-test 
and of proportions chi-square test was used. Bivariate associa- 
tions were assessed by means of Pearsson's correlation coeffi- 
cient or Spearman's rank analysis if data were not normally 
distributed. Stepwise linear regression and stepwise logistic re- 
gression was used to determine the combined effect of more 
than one variable on "gestational week at delivery" and 
"birth weight under 2000 g", respectively [13]. Survival analy- 
sis, including the log rank test was performed to compare the 
probability of women with and without impaired renal func- 
tion in early pregnancy to require dialysis during follow-up. 
Statistical analysis were done using SAS Technical Report, P- 
200, SAS/STAT Software; Calis and logistic procedures, re- 
lease 6.04 and SAS Technical Report P179. Additional SAS/ 
STAT. Procedures, Release 6.03 1980 (Lifetest; Cary, N.C., 
USA). 

Results 

Initial characteristics o f  women and their pregnancies. 
The clinical data  of  the w o m e n  (n -- 33) with diabetic 
neph ropa thy  at the beginning of  their pregnancies  
(n = 40) are shown in Table 1. In  four  w o m e n  ( three 
White  class F, 1 T) p regnancy  was electively termina-  
ted p redominan t ly  because of severely decreased  re- 
nal funct ion and uncont ro l led  hyper tens ion  before  
gestat ional  week  12. The bulk of this repor t  concerns  
the 36 pregnancies  of 29 w o m e n  which went  b e y o n d  
gestat ional  week 12 (23 w o m e n  had one, five had 
two, and one w o m a n  had  three pregnancies) .  Dur ing  
six of  these pregnancies  the w o m e n  were only refer- 
red to the Diasseldorf centre  after week  25 of  preg- 
nancy  and previously had received non-special ized 
care. In  two of these w o m e n  (one of class T) pregnan-  
cy was diagnosed only in gestat ional  weeks 20 and 26, 
respectively. All  but  two w o m e n  for  w h o m  pre-preg-  
nancy  in format ion  was no t  available had documen-  
ted diabetic neph ropa thy  before  p regnancy  (defined 
as pro te inur ia  over  400 rag/day or creat inine clear- 
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Fig. 1. (A, B) Proteinuria (A) and serum creatinine level (B) in 
the first and third trimester of pregnancy in women with dia- 
betic nephropathy. In B the dotted lines indicate the range for 
serum creatinine in normal pregnancy 

ance under 80 ml/min and hypertension). Renal func- 
tion during the first trimester (defined as creatinine 
clearance _> 80 ml/min or - if serum creatinine only 
was available ( n = 8 )  - as serum creatinine 
< 98 ~mol/1), was preserved in 26 pregnancies, in 7 re- 
duced (serum creatinine 98-134 ~mol/1 and/or creati- 
nine clearance 50-80 ml/min) and in 3 severely re- 
duced (serum creatinine > 134 to 214 ~tmol/1 and crea- 
tinine clearance 32, 35 and 43 ml/min). 

The cardiac condition of the only woman of White 
class H (history of two myocardial infarctions) re- 
mained stable throughout pregnancy. All but two wo- 
men (who had background retinopathy only) had 
been laser-treated for preproliferative or prolifera- 
tive retinopathy before pregnancy. Three women 
were legally blind and three women had impaired vi- 
sion (corrected vision < 40 %). 

For comparison clinical data of 110 pregnancies of 
91 pregestational insulin-dependent diabetic women 
without nephropathy cared for at our centre from 
1987 to 1992 are shown (Table 1). 

Maternalparameters during pregnancy. From the first 
to the third trimester proteinuria increased from 2.1 
(1.1) to 5.0 (3.2)g/day (Fig. 1 a). The percentage of 
women with proteinuria over 3 g/day increased from 
5 (14 %) to 19 (53 %). Serum creatinine levels re- 
mained stable (+ 15 %) in 22 (61%) pregnancies and 
increased more  than 15 % in 14 (39 %) pregnancies 
(Fig.lb).  Creatinine clearance (available in early 
pregnancy for 28 pregnancies including all women 
with creatinine > 98 Fmol/1) decreased more than 
10 % in 14 and increased or remained within _+ 10 % 
in 14 (50 %) pregnancies from the first to the third tri- 
mester. In Table 2 maternal parameters during the 
third trimester are shown; all but one woman were 

treated with antihypertensive medication or in- 
creased doses of antihypertensives since blood pres- 
sure had increased above 140/90 mmHg.  An  inter- 
variable correlation was found between urinary pro- 
tein excretion and diastolic blood pressure in the 
third trimester (r = 0.58, p = 0.0002). No significant 
correlation was found between serum creatinine le- 
vel and diastolic blood pressure (r = - 0.08, p = 0.07) 
and between proteinuria and serum creatinine in the 
third trimester (r = 0.12, p = 0.5). 

Seven (19 %) women developed a pre-eclampsia- 
like syndrome as determined clinically with acceler- 
ating hypertension, generalised oedema, hypoalbu- 
minaemia. Four women (two of White T) developed 
severe renal anaemia and had to be given a blood 
transfusion. 

Glycaemic control in the second half of pregnancy 
as judged by the average monthly HbA/HbAlc from 
gestational week 26 to parturition was within the nor- 
mal range in 81% and above the normal range in 7 
(19 %) pregnancies. In 19 (53 %) of pregnancies ret- 
inal status deteriorated. Four of these women re- 
ceived laser t reatment during the third trimester. 
Only one women had a permanent  deterioration of 
her already impaired vision (10 %) as a result of a 
vitreous haemorrhage during pregnancy. 

Thirty-one (86 %) of the infants were delivered by 
Caesarian section. 

Perinatal outcome. There were no intrauterine or 
perinatal deaths. Gestational week at delivery for 
the group as a whole was 37 (29-40) and birth weight 

Table 2. Maternal parameters of women with diabetic nephro- 
pathy in the third trimester of pregnancy 

Number of pregnancies (n) 36 

HbAlc normal range (n) 
Systolic/diastolic blood pressure (mm Hg) 
Treatment with antihypertensives (n) 
Proteinuria > 3 g/day 
Pre-eclampsia-like syndrome 
Transient deterioration of retinopathy (n) 

29 (81%) 
152_+ 16/90 + 10 
35 (97 %) 
2O (55 %) 
7 (19 %) 
19 (53 %) 



R. Kimmerle et al.: Pregnancies in women with diabetic nephropathy: long-term outcome for mother and child 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

o 

0 0 0 �9 0 

90th percentile 

10th percentile 

I 1 I I 1 l q 1 1 

28 30 32 34 36 35 40 42 
Gestation [weeks] 

231 

Fig.2. Birth weight and gestational age at deliv- 
ery of 36 newborns of mothers with diabetic ne- 
phropathy. Normally developed newborns (�9 
Newborns with neuro-developmental problems 
at follow-up ( � 9  * The newborn who died of 
SIDS. Lines indicate the 10th and 90th percentile 
for birth weight in the reference population [11]. 
Newborns below the 10th percentile are consid- 
ered small for gestational age and above the 90th 
percentile large for gestational age 

Table 3. Perinatal parameters in women with diabetic nephropathy according to their renal function at the beginning of their preg- 
nancy. For comparison the perinatal outcome of 110 pregnancies of women of White classes B, C, D and R cared for at our centre 
from 1987-1992 is shown 

Creatinine clearance (ml/min) 
Serum creatinine (btmol/l) 

Pregnancies with diabetic nephropathy 
Renal function first trimester 

preserved impaired 
> 80 32-77 
<_ 98 99-214 

Pregnancies without 
nephropathy 

Pregnancies (n) 
Intrauterine/perinatal deaths 
Gest. week of delivery 
Delivery < 34th gest. week 
Caesarean section 
Birth weight (grams) 
Small for gest. age 
Respiratory distress syndrome 
Hospital days of newborns 
Congenital malformations (n) 

26 10 110 
0 0 0 
38+3 33_+3 39+2 a 
5 (19 %) 6 (60 %) 3 (2.7 e/o)~ 
21 (80 %) 10 (100 %) 71 (64 %)b 
2670 _+ 776 1640 _+ 607 3565 _+ 748 ~ 
5 (19%) 3 (30%) 2 (1.8 %) b 
4 (15 %) 5 (50 %) 1 (1%)'0 
12 (2-122) 53 (2-77) 3 (0-154) b 
2 0 1 

Significantly different between each group (p < 0.05). b Significantly different between the group without nephropathy vs the two 
groups with diabetic nephropathy (p < 0.05); not significantly different between the two groups with diabetic nephropathy 

was 2365 (1005-4130) g. There  was a strong correla- 
t ion be tween  ges ta t iona l  age and birth weight 
(r = 0.87, p = 0.0001) (Fig. 2). To de termine  which fac- 
tors were predictive for gestat ional  age at delivery a 
stepwise regression analysis was pe r fo rmed  includ- 
ing log proteinuria,  log serum creatinine and creati- 
nine clearance and ant ihypertensive t r ea tment  in the 
first tr imester;  as well as systolic and diastolic blood 
pressure, glycaemic control  and pre-eclampsia in the 
third trimester.  In the final model  diastolic blood 
pressure in the third t r imester  and creat inine clear- 
ance in the first t r imester  remained  significantly pre- 
dictive for gestat ional  week at delivery (p = 0.01 and 
p = 0 . 0 0 6 ,  respectively, r2=0.38) .  To de termine  
which factors were predictive for a "bir th weight  un- 
der 2000 g" a stepwise logistic regression was per- 
fo rmed  including log proteinuria ,  log serum creati- 
nine and creat inine clearance and ant ihypertensive 

t r ea tment  during the first trimester;  as well as systo- 
lic and diastolic blood pressure, glycaemic control  
and pre-eclampsia in the third t r imester  as potent ia l  
predictive factors. In the final model  diastolic b lood 
pressure and poor  glycaemic control  in the third tri- 
mester  remained  as significant predictive factors 
(p = 0.01 and p = 0.02). The Hosmer -Lenneshow sta- 
tistic indicated an adequate  goodness-of-fit  
(p = 0.682). 

In Table 3 perinatal  parameters  according to ma- 
ternal  renal  funct ion during the first t r imester  are 
shown. The nine newborns  with respiratory distress 
syndrome were born premature ly  (29 to 34 weeks) 
and received mechanical  venti lat ion for 2-18 days. 
One  of these children (gestational week  of delivery 
29), born before  surfactant  was available for the 
t r ea tment  of hyaline m e m b r a n e  syndrome,  devel- 
oped hypoxic brain damage  and amaurosis  premator-  
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Table 4. Neurodevelopmental status at follow-up of 36 chil- 
dren of mothers whose pregnancy was complicated by diabet- 
ic nephropathy 

n Age at fol- 
low-up 
(years) 

36 0.5-11 Children 

Deceased (SIDS at 5 weeks of age) 1 
Normal neuro-developmental exam. 27 0.5-11 
Mild developmental retardation 3 0.4; 0.9; 4.2 
Severe developmental retardation 2 5.8; 7 
Epilepsy, psychomotor retardation 1 3 
Severe motor retardation 1 5.1 
(congenital anomaly: arthrogryposis) 
Tetraplegia, blindness, 1 6.5 
severe psychomotor retardation 

SIDS, Sudden infant death syndrome 

Table 5. Status of 33 women with diabetic nephropathy 5 (0.3- 
9) years after pregnancy 

No. of women 29 
Women with normal serum 10 
creatinine (< 98 ~mol/1) 
Women with serum creatinine 8 1 

98-178 ~tmol/1 
Women with serum creatinine 3 1 

> 178 ~tm01/1 
Women who had started dialysis 8 (7 F; 1 T) 2 (1 T) a 

during follow-up 
time between pregnancy and 3 (1-9) 
start of dialysis (years) 
women deceased at follow-up (n) 4 (3 F; 1 T) 1 (T) 

Women legally blind/visually 3/3 0/3 
impaired (n) 

Pregnancy Elective 
completed abortion 

4 

a Of the 10 women who had started dialysis during follow-up 
eight had impaired renal function (serum creatinine 
> 98 ~tmol/1) at the beginning of pregnancy. 
F, T: White classes F and T 

um. Two infants (maternal serum creatinine level in 
the first trimester < 98 ~tmol/1) had a congenital mal- 
formation (arthrogryposis multiplex and atrial septal 
defect). The women had not at tended specialised 
care before week 25 of pregnancy and were in poor  
glycaemic control in early pregnancy. 

The perinatal parameters of 110 consecutive preg- 
nancies of pregestational diabetic women without 
diabetic nephropathy are shown for comparison 
(Table 3). 

Follow-up o f  children. One infant died suddenly at 
home 29 days postpartum (birth weight 3100 g, ges- 
tational week at delivery 39). The neurological and 
developmental  status of the remaining 35 children is 

shown in Table 4. Of  the 31 children older than one 
year 4 had severe psychomotor and 1 severe motor  
retardation (congenital anomaly) requiring intensive 
remedial care and special education and 1 had min- 
or psychomotor  retardation (hyperactivity) requir- 
ing remedial care. Of  the 4 children under 1 year of 
age at follow-up 2 had mildly retarded motor  devel- 
opment  and muscular hypotony (birth weight 1005 
and 1740 g) and 2 (birth weight 4020 and 2600 g) 
were normally developed. Birth weight and gesta- 
tional age at delivery of the children with and with- 
out neurodevelopmental  problems is shown in Fig- 
ure 2. 

Follow-up o f  the women. The status of the 29 mothers 
and 4 women who underwent elective abortion is 
shown in Table 5. In the follow-up period 8 of the 29 
(28 %) mothers had developed end-stage renal dis- 
ease (ESRD)  and had started dialysis (2 of the 2 wo- 
men of White class T), 3 women within less than 
I year after delivery, 1 within 2 and 2 within 3 years 
and i within 4 and 9 years, respectively. Of  the 8 mo- 
thers with E S R D  4 (1 of White class T) had died as a 
consequence of their renal disease, 3 within 3 and 1 
within 4 years after delivery. Lifetable analysis re- 
vealed that the probability for requiring dialysis with- 
in the follow-up period was significantly greater for 
the 10mothers  with elevated serum creatinine 
(> 98 ~mol/1) at the beginning of pregnancy than for 
those with normal creatinine (p = 0.03). The rate of 
fall of creatinine clearance could be estimated in 24 
of the 27 mothers of White class F (excluding the wo- 
men with White T). In the women who underwent 
more than one pregnancy during the study period 
the creatinine clearance from the most recent preg- 
nancy was used. In three women data on creatinine 
clearance in early pregnancy were not available, The 
rate of fall of creatinine clearance was calculated as 
follows: 

creatinine clearance at follow-up/start of dialysis 
minus creatinine clearance in early pregnancy 

divided by 
months from beginning of pregnancy to follow-up/ 
start of dialysis. 

(For start of dialysis a creatinine clearance of 10 ml/ 
min was assumed). 

The rate of fall was 0.65 (1.38) ml/month. The rate of 
fall was greater in women who had started dialysis 
than in women not on dialysis at follow-up (2.43 
(1.53) vs 0.18 (0.9) ml/month, p < 0.05). At  follow up 
of the 21 women not on dialysis (66 % of whom were 
taking antihypertensive medication, the blood pres- 
sure was 138 (10)/87 ( 6 ) m m H g ,  serum creatinine 
116 (7]-383) ~tmol/1, proteinuria 1607 (1027) mg/day 
and HbAlc 8.5 (1.6)%. At  follow-up the number of 
women legally blind (n = 3) and with severely im- 
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paired vision (n = 3) had not increased compared to 
the beginning of pregnancy. 

Social and reproductive issues at follow-up. At follow- 
up all women were living with their partners and all 
of them including the women On dialysis and those vi- 
sually impaired performed the bulk of the child care 
and house work in their families. Two children were 
living in institutions for handicapped children. Eight 
women also worked full-time outside their homes. 
Six women had undergone sterilisation. Of the 
21 women without ESRD, 9 had irregular menstrual 
periods and 11 intended to have another child. 

Discussion 

According to four previous reports, the fetal outcome 
of pregnancies for mothers with diabetic nephropa- 
thy has substantially improved since the 1970's com- 
pared to the 1960's when perinatal survival rates 
were below 70 % [1-3, 5-7]. In our series of 36 preg- 
nancies of 29 mothers there were no perinatal or in- 
trauterine deaths but prematurity and associated 
perinatal morbidity was considerably higher than in 
pregnancies of diabetic women without nephropa- 
thy. For example, 31% of the infants of mothers with 
diabetic nephropathy had to be delivered before 
week 34 of gestation and 25 % of newborns had re- 
spiratory distress syndrome in contrast to the near- 
absence of these complications in 110 pregnancies of 
91 insulin-dependent diabetic women without ne- 
phropathy followed at the same centre. 

in this series the perinatal survival (100 %) was im- 
proved compared to two comparably large series re- 
porting perinatal survival rates of 89 and 94%, 
among 26 and 31 pregnancies complicated by diabet- 
ic nephropathy, respectively [6, 7]. However, one of 
these series [6] included pregnancies from 1975 to 
1978 and the treatment goals for glycaemic control 
since have shifted to lower values and might have im- 
proved outcome [5]. Respiratory distress syndrome in 
our series was related to premature delivery rather 
than to poor glycaemic control. In a recent series of 
Jovanovic and Jovanovic [5], which only included wo- 
men with preconceptional normoglycaemic control 
only two of eight women with reduced creatinine 
clearance before pregnancy had to be delivered pre- 
maturely because of pre-eclampsia. However, this 
group seemed to have less severe impairment of re- 
nal function since it included only four women who 
had hypertension and proteinuria more than I g/day 
before pregnancy and since during the first trimester 
of pregnancy all but one woman had a creatinine 
clearance above 75 ml/min. An elevated HbA~c was 
also associated with a poorer perinatal outcome in 
our series. However, it remains doubtful whether nor- 
moglycaemia throughout pregnancy can prevent 

nearly all premature deliveries in women with re- 
duced renal function as claimed by these authors. In 
our series 8 of the 11 women with very premature de- 
livery were in good glycaemic control. Creatinine 
clearance during the first trimester and diastolic 
blood pressure during the third trimester were the 
variables most predictive for gestational age at deliv- 
ery. 

In our series 53 % of  the women had received anti- 
hypertensive drug treatment before their pregnancies 
and during the third trimester in all but one pregnan- 
cy. The women were treated with antihypertensive 
medication because of diastolic blood pressures in- 
creasing above 90 mmHg.  Therefore, diastolic blood 
pressure values exceeding 100 m m H g  for prolonged 
periods were rare. In view of the fact that diastolic 
blood pressure during the third trimester was still 
predictive of gestational age at delivery it seems in- 
dicated to treat elevations of diastolic blood pressure 
above 90 mm Hg. In accordance with previous obser- 
vations proteinuria increased between the first to the 
third trimester and was in the nephrotic range in 
53 % of pregnancies [6, 7]. Proteinuria during the 
third trimester was correlated to increasing diastolic 
blood pressure. Of the women already treated with 
antihypertensive medication (predominantly beta- 
blockers) at the beginning of their pregnancy a simi- 
lar percentage had a massive proteinuria (> 3 g/day) 
in the third trimester compared to those not treated. 
This is remarkable because proteinuria in early preg- 
nancy tended to be higher, although not significantly, 
in the women treated early in pregnancy. The under- 
lying poorer renal function in most of these women 
might have played a role; i.e., with less functioning 
glomeruli less protein could be lost [14]. However, it 
is conceivable that antihypertensive medication ear- 
ly in pregnancy reduced the pregnancy-specific, hor- 
mone-induced increase in renal hyperfiltration and 
thus prevented a massive loss of protein by already 
damaged glomeruli [15, 16]. 

For non-diabetic pregnancies complicated by 
chronic, non-proteinuric, mild to moderate, hyperten- 
sion it has been reported that fetal and maternal out- 
comes were satisfactory and it has also been suggest- 
ed that diabetic pregnancies should not to start drug 
treatment before diastolic blood pressure exceeded 
105 m m H g  [5-7, 9, 10]. However, it appears that in 
pregnant women with diabetic nephropathy blood 
pressure treatment should start at lower values also 
in order to prevent a massive loss of protein and hy- 
poalbuminaemia. Hypoalbuminaemia causing a fur- 
ther decrease in intravascular volume might contri- 
bute to decreased uteroplacental blood flow which is 
believed to be one of the causes of pre-eclampsia [17]. 

In our series there were two infants with major 
congenital malformations both born to women with 
preserved renal function but poor glycaemic control 
in early pregnancy. Although not statistically corn- 
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parable because of the small numbers, this compares 
unfavourably with one malformation that occurred 
in the control group of 110 pregnancies of pregesta- 
tional diabetic women without diabetic nephropathy. 
It is now well-accepted that if glycaemic control is 
good in early pregnancy advanced microangiopathic 
complications are not specifically associated with an 
increased risk for congenital malformations [5, 18]. 
At  follow-up, the majority of the children including 
8 of the 11 children born before week 34 were nor- 
mally developed but there was a high rate of children 
(25 %) with psychomotor and developmental pro- 
blems. The problems were varied and difficult to clas- 
sify and might, at least in those with milder retarda- 
tion, improve or resolve with advancing age [19]. Al- 
though the number of children was small and meth- 
ods of ascertainment and classification not compar- 
able, the percentage of children with psychomotor 
problems, and their severity appeared to be clearly 
greater than that reported for children of unselected 
groups of diabetic mothers encompassing all White 
classes [20-23]. In the two most recent of these series 
it was found that children of insulin-dependent dia- 
betic mothers followed at age 4-5 years had an essen- 
tially normal cognitive development albeit a slightly 
increased risk for - mostly minor - motor  develop- 
mental problems in comparison to children born to 
non-diabetic mothers [22, 23]. 

Kitzmiller et al. [6] did find two children with psy- 
chomotor retardation (both related to their congeni- 
tal neurological anomalies) among 24 surviving in- 
fants of mothers with diabetic nephropathy exam- 
ined at age 8 to 35 months. Reece et al. [7] reported 
essentially normal development in 27 children (on 
average 3 years old at follow-up) of mothers with dia- 
betic nephropathy. However, these series were not 
quite comparable since there were intrauterine and 
perinatal deaths, and the children were younger. 
Moreover, in Reece's series [7] information on the 
children was only obtained through the infant's pri- 
vate physicians and was not standardized. Thus, on 
the basis of the available data no conclusions about a 
specific influence of maternal diabetic nephropathy 
on long-term infant outcome can be made, other 
than that there might be an increased risk for devel- 
opmental problems because of a high rate o f  low 
birth weight infants. In our series six of eight children 
with psychomotor problems had a birth weight under 
2500 g and were born before gestational week 37. 
Bloch-Petersen et al. [23, 24] also found that low 
birth weight and prematurity were associated with 
an increased risk of poor performance at age 4-  
5 years when examining 90 children of diabetic mo- 
thers in Denmark. Moreover, large series of children 
weighing < 2000 g or less at birth, born to non-diabet- 
ic mothers, found significantly more, albeit mostly 
minor, developmental problems at school age than 
in infants with higher birth weight [19, 20, 25]. 

An important finding was the outcome of the mo- 
thers, i.e. 6 of 27 women (excluding the 2 women of 
White class T) progressing to ESRD within 1 to 
9 years after delivery. Kitzmiller et al. [6] observed 3 
of 23 diabetic women progressing to ESRD within 
2 years after delivery and Reece et al. [7] 6 of 27 
(average follow up 3 years). In these series, which 
had a shorter follow-up, none of the women had died 
during follow-up in contrast to our series where 3 of 
27 mothers (excluding the 2women  of White 
class T) had died within 5 years after pregnancy. 
Most authors conclude that there is no influence of 
pregnancy on the course of diabetic nephropathy, al- 
though controlled trials have not been performed 
[3-5]. Jovanovic and Jovanovic [5] found in their ser- 
ies of 8 patients that the pregnancy-induced increase 
in proteinuria and change of renal function had re- 
turned to pregestational levels within the first year 
after pregnancy. 

For the majority of women of White class F in our 
series, there is circumstantial evidence that pregnan- 
cy did not specifically accelerate the course of diabet- 
ic nephropathy although we cannot make definite 
conclusions since complete data on renal function be- 
fore pregnancy and between delivery and follow-up 
were not available in all women. The average rate of 
fall in creatinine clearance of 0.65 ml/min per month 
was slightly above the range which has been ob- 
served in prospective studies on the course of diabet- 
ic nephropathy employing meticulous antihyperten- 
sive control (0.1-0.45 ml/min/month) [16]. However, 
in analogy to such studies, the rate of decline of renal 
function varied considerably among the women ob- 
served here and tended to be steep in those with al- 
ready reduced creatinine clearance, and minimal or 
non-existent in the majority of women with normal 
creatinine clearance before pregnancy. At  follow-up, 
the women without ESRD had satisfactory blood 
pressure control. It is known that through effective 
blood pressure management deterioration of renal 
function can be considerably slowed, particularly in 
non-smokers, even in patients who have advanced 
diabetic renal disease [16]. This supports the notion 
that also during pregnancy the treatment goal for 
blood pressure should be at lower values than are 
usually recommended for non-diabetic pregnant wo- 
men with chronic hypertension [9, 10]. Moreover, 
after pregnancy close medical follow-up by specia- 
lists in diabetic nephropathy must continue. 

Both of the women with renal transplants (creati- 
nine clearance 35 and 32 ml/min in early pregnancy) 
required dialysis 1 and 2 years after delivery because 
of progressive transplant rejection, which had start- 
ed in one of these women before, and in one during, 
pregnancy. One of these women died 3 years after de- 
livery. Both their children were born very premature- 
ly and were small for gestational age and had psycho- 
motor retardation at follow-up (age i year and 
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5 years old). One woman who had a renal transplant 
and had followed the advice to have an abortion 
died 4 years after her pregnancy. Thus, it appears 
that pregnancy should be discouraged in diabetic wo- 
men who have reduced renal transplant function [26]. 

A major problem in the group of women with ne- 
phropathy, which might have influenced outcome, 
was the high rate of unplanned pregnancies. In these 
women planning of pregnancy and preconceptional 
care is not only important for the improvement of 
glycaemic control but also for rigorous treatment of 
hypertension and retinal problems [3, 5]. Significant- 
ly more women with nephropathy had unplanned 
pregnancies and attended specialized care late dur- 
ing pregnancy than in the group of diabetic women 
without nephropathy. This might be partly due to the 
high rate of women with irregular menstrual periods. 
Many of these women had considered themselves in- 
fertile and did not use birth control. On the other 
hand, factors such as poor acceptance of their dia- 
betes and poor compliance with medical advice 
might be implicated. Although, we did not initially 
design the study to examine these issues, such wo- 
men seemed over-represented among the women 
with diabetic nephropathy. 

In summary, with normoglycaemic control, tight 
blood pressure management  and contemporary 
methods of fetal surveillance and perinatal care, peri- 
natal mortality but not all perinatal morbidity can be 
prevented in pregnancies of women with diabetic ne- 
phropathy. Some children may have psychomotor 
problems at later age. Women with severely im- 
paired renal function before pregnancy are at risk 
for serious morbidity when their children are still 
young. Improvements might be achieved if all wo- 
men receive specialized care and counselling before, 
during and after pregnancy. 
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