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Summary. The study concerns the clinical outcome and later 
prognosis (regarding permanent insulin treatment) of pa- 
tients who develop insulin-dependent diabetes mellitus dur- 
ing pregnancy (which is different from gestational diabetes). 
Sixty-three such patients (27 + 1 (SEM) years old) were de- 
livered at the Copenhagen Centre for Diabetes and Preg- 
nancy during the years 1966-1980. Obstetric complications 
such as toxaemia were seen in 9.5% of these study patients 
and the perinatal mortality was 6.3 %, both percentages being 
higher than in the general population (1.1%, p < 10 7 and 
1.0% ,p < 10 -3, respectively), but similar to those observed in 
patients with Type i diabetes diagnosed before pregnancy. In 
contrast, the frequency of malformations was 1.6%, the same 
as in the general population (1.4%), but lower than that seen 

in patients with long-standing diabetes (8.3%, p < 0.05). At 
follow-up examination 8 + i years after diagnosis all patients 
were diabetic; 77% were insulin treated, having no or vir- 
tually no residual B-cell function, and were clearly Type 1 
diabetic patients. After delivery 80% of the patients had a re- 
mission period (median 256 days) without insulin treatment. 
This remission period was absent or shortest in patients with 
the following characteristics (p < 0.03): low age, first parity, 
not overweight, and high blood glucose level at diagnosis. 
These prognostic parameters should be considered in obliga- 
tory, clinical follow-up plans for such patients. 
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Insulin-dependent diabetes mellitus with onset during 
pregnancy is a disease different from the much more com- 
mon gestational diabetes which reflects glucose intoler- 
ance only and does not require insulin t reatment  [1]. In the 
present study, the clinical course of the disease and the 
progress in the patients '  diabetes after the delivery is stu- 
died. It  turned out that many  of the patients had a re- 
mission period during which they temporari ly s topped in- 
sulin treatment,  but all were diabetic at a follow-up 
examination 8 + 1 years after delivery and the majority 
displayed Type I diabetes mellitus. The study considers 
factors which influence the need for constant insulin treat- 
ment  - factors which may be of prognostic significance - 
and which therefore could help in the planning of ade- 
quate control. 

The fact that the study patients had no history of 
diabetes and probably  were cfinically healthy at the time 
of conception, but became diabetic at some stage during 
pregnancy, is an interesting basis for comparison with 
healthy non-diabetic pregnant  women and with long-term 
(pre-conception) Type i diabetic patients, in order to elu- 

cidate clinical abnormalities connected with diabetic 
pregnancy. 

Subjects, materials and methods 

Patients' 

We studied all 63 patients with onset of insulin-dependent diabetes 
during pregnancy in eastern Denmark seen at the University Hospi- 
tal from 1966-1980. The basis for the diagnosis was the classical: 
(1) subjective symptoms of hyperglycaemia, and (2) fasting blood 
glucose > 8 mmol/1 or non-fasting value of > 14 mmol/l. During the 
period of this study the procedure of the Center was to start insulin 
treatment only in those pregnant women who developed dear-cut 
insulin-dependent diabetes whereas women with impaired glucose 
tolerance received only dietary treatment. There was no change in 
the number of patients or in the concept of treatment during the 
15-year study period. Incidence results based on these patients have 
been published earlier [2]. Data from the time of diagnosis was ex- 
tracted from the hospital records. The distribution of diagnosis by 
trimester was as follows: 1st: 13%, 2nd: 17%, and 3rd: 70%. Of the 
patients 24% were more than 10% overweight [3] when they con- 
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ceived. At diagnosis the mean fasting blood glucose level of the pa- 
tients was 15.6_+ 1.3 mmol/1 and 81% had ketonuria. Maximal in- 
sulin dose during pregnancy was 49_+ 3 IU/24 h (0.80 + 0.05 IU. 
24 h - ~. kg- ~ bodyweight). 

At the follow-up, in which 60 of the patients participated, 46 pa- 
tients were currently insulin treated, nine of these without interrup- 
tion from the time of onset of disease during pregnancy. Thirty-seven 
had stopped taking insulin during the remission period for 256 days 
(median value), beginning from nine days (median value) after de- 
livery. Fourteen patients were not insulin treated at follow-up, but of 
the 11 examined all displayed abnormal carbohydrate tolerance, 
seven with fasting blood glucose values above 14 retool/l, and four 
with markedly pathological glucose tolerance tests. These non-in- 
sulin treated patients were seen 1,640 days after delivery (range 
1,157-4,667 days), while the time between the delivery and follow- 
up in the insulin treated patients was 2,898 days (range 578-5,870 
days). 

At follow-up, patients treated with insulin displayed an average 
stimulated plasma C-peptide value of 0.12 + 0.02 nmol/1, none were 
above 0.60 nmol/1; the majority (59%) less than 0.05 nmol/1, which 
indicates total absence of B-cell function. Three of the non-insulin 
treated patients displayed stimulated C-peptide values below or just 
around 0.60 nmol/1, which has been considered to be the limit below 
which insulin should be given [4]. 

The tissue type distribution of the patients was in accordance with 
that of non-pregnant diagnosed Type 1 diabetic patients [5] - a high 
proportion of HLA-DR 3 and/or DR 4 (92%), which is markedly 
different from the distribution in a control group from the general 
population (57%, p < 10- 4). 

Toxaemia was defined as the presence of two of the following 
three symptoms: (1) blood pressure > 140/90 mm Hg on two occa- 
sions, (2) > 100 mg proteinuria during a 24-h period on two occa- 
sions, and (3) significant oedema of face and fingers. Approximate- 
ly 10% of the patients suffered from more severe symptoms (blood 
pressure > 180/100 mm Hg, > 1 g/24 h proteinuria and/or mon- 
strous oedema. Hydramnios was defined as more than 1.5 1 of am- 
niotic fluid in the last trimester. 
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Table 1. Clinical obstetric data. The mentionedp-values refer to dif- 
ferences between the group of New White B patients and the other 
groups 

New Old White General 
white B white B C-F population 

Age (years) 26.9_+ 0.7 27.8 

Parity (no.) 2.0 + 0.2 1.8 

Toxaemia (%) 9.5 8.2 

Hydramnios (%) 12.7 9.6 

Abruptio (%) 3.2 1.4 

Week of birth 
(week no.) 36.7 + 0.2 36.7 

Sectio (%) 30.2 50.7 

25.2 

1.6 

15.2 

31.7 
(p < 0.03) 

0.9 

36.3 

65.7 
(p < 0.01) 

Birth weight (g) 3332+88 3455 3278 

Birth weight 
under 2,500 g (%) 10.9 6.0 14.8 

Birth weight 
over 4,000 g (%) 18.8 22.9 15.7 

Birthtength (cm) 50.4 +0.4 50.6 49.8 

Perinatal 
mortality (%) 6.3 4.5 9.5 

Malformations, 0.0 8.3 8.7 
major (%) (p < 0.05) (p < 0.05) 

Malformations, 
minor (%) 1.6 0.0 1.8 

Sex distribution 
(% males) 56.3 53.4 47.8 

26.4 

1.1 (p < 10 -7) 

0.4(/7<10 9) 

0.8 

39.7 

10.3 (p < i0 5) 

3400 

5.4 

i3.1 

1.0 (p < 10 -3) 

1.4 

51.4 

Comparison between groups of patients and healthy 
control subjects 

The study group with insulin-dependent diabetes developed during 
pregnancy (named the "New White B patients") are compared with 
other types of pregnant diabetic patients and healthy pregnant 
women. An "Old White B group" comprises 133 patients with Type 
1 diabetes of less than 10 years' duration diagnosed before preg- 
nancy. These patients were delivered at the University Hospital's 
Diabetes Centre over the same period as the "New White B pa- 
tients", i. e. 1966-1980. Some of the clinical data, however, stems only 
from the years 1966-1968 and 1975-1980. A "White C-F patient 
group" of 318 patients - longstanding ( > 10 years) Type 1 diabetes 
before pregnancy - also derives from the years 1966-1980 - some 
data only from 1966-1968 and 1978-1980. The control group of 
59,773 individuals comprises all Danish women delivered in 1979, 
the only year within the study period for which statistical data was 
available [6]. 

Statistical analysis 

Data is expressed as means + SEM, or as medians. The proportion of 
women not insulin treated was found by the Kaplan-Meier estima- 
tor, using time since delivery until start of insulin treatment. The nine 
patients constantly insulin treated were counted as response times of 
0. The time from giving birth until cessation of insulin treatment 
(median nine days) is included in the response time. Subgroups were 
compared by means of the log rank test, Kalbfleisch and Prentice [7], 
using a significance level of 0.05. Allp-values are two-sided. Tests in 

Table i are )U-tests in the corresponding two by two tables. For mal- 
formations Fisher's exact p is calculated, because of the small num- 
bers. 

Results 

Clinical  obstetric pa ramete r s  are recorded in Table  1. The  
m e a n  age at del ivery for the New White  B pat ients  was 
similar to that  of the Old Whi te  B pat ients ,  the Whi te  C - F  
patients ,  and  the control  subjects. Conce rn ing  the b i r th  
numbers ,  possibly the New Whi te  B group had higher 
parity, bu t  data  for the other  groups was insufficient for 
precise analysis. 

Regard ing  obstetr ic  complicat ions  such as toxaemia  
and  hydramnios ,  these occurred with similar  f requencies  
in the New White  B group and in the Old Whi te  B group - 
all percentages  be ing much  higher  than  in the control  
group (p < 10-7). 

T ime of delivery of the pat ients  was typically three  
weeks before  term, dictated by the Centre 's  genera l  rule  
for induc t ion  of l abour  in diabet ic  pat ients .  Caesar ian  sec- 
t ion was u n d e r t a k e n  three  t imes as f requent ly  in the New 
Whi te  B pat ients  as in the control  group (to < 10-5). In  Old 
Whi te  B and  Whi te  C - F  groups,  Caesar ian  section was of 
similar or higher inc idence  as in the New Whi te  B group. 
The  n e w b o r n  in  all groups were of similar m e a n  weight  
and  length.  
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Fig.1 a -L Diag rams  indicat ing the  
p ropor t ion  of pa t ien ts  having  
insulin t r e a t m e n t  as a funct ion of 
t ime af ter  del ivery (years).  
a shows the  pa t ien ts  as an  en t i re  
group (n = 63). b shows the  
pa t ien ts  in different  age groups:  
< 24 years (full line, n = 25), 25-29 

years (b roken  line, n = 22), and  
> 30 years (do t ted  line, n = 16). 

The re  was a significant difference 
be tween  the  groups (p = 0.03). 
c shows the  pa t ien ts  in groups of 
p r ima  (full line, n = 30) and  mult i  
( b roken  line, n = 33) para  
(p = 0.03). d shows the  pa t ien ts  in 
groups  of no rma l  weight  ( < 10% 
overweight ,  full line, n = 47) and  
overweight  ( > 10% overweight ,  
b r o k e n  line, n = 16) (p = 0.03). 
e shows the  pat ients  in groups with 
low ( < 15.0 mmol/1, full line, 
n = 16) and  high ( > 15.0 mmol/1, 
b r o k e n  line, n = 16) b lood  glucose 
values  at  diagnosis  (p = 0.03). 
f shows the  pa t ien ts  in groups with 
(full line, n = 18) and  wi thout  
(b roken  line, n = 20) H L A - D R  3. 
The re  was no  significant di f ference 
be tween  the  groups (p -- 0.07) 
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Perinatal mortality in the New White B group was 
much higher than in the controlgroup (p < 10 3) and simi- 
lar to that in the other diabetic groups. Regarding the 
exact causes of perinatal mortality in the New White B 
group, three children died intrauterinely due to severe 
ketoacidosis and one at birth of an acidosis which could 
not be corrected. 

Congenital malformations were of the same frequency 
in the New White B group as in the control group, in diver- 
gence to the other  diabetic groups where malformation in- 
cidence was significantly higher (p < 0.05). Minor deform- 
ities were of low and similar occurence in all groups. Of 
the New White B newborn 56% were male, but this pro- 
portion was not significantly different from that in the 
other groups. 

Figure 1 a shows how many patients who were under 
insulin treatment,  and at what times, following delivery. 
All patients were, as mentioned, clearly diabetic at the 
time of follow-up, but many had had a remission period of 
shorter or longer duration during which insulin was not 
given. The data was thus further analysed in order  to 
identify potential markers of prognosis, indicating the 
length of a possible pause in insulin treatment after the de- 
livery. By means of univariate analyses, low age (p = 0.03, 
Fig. 1 b), first parity (p = 0.03, Fig. 1 c), normal weight 
(p = 0.0002, Fig. 1 d), and high blood glucose value at time 
of diagnosis (p = 0.03, Fig. 1 e) were found to indicate a 
poor  prognosis meaning no, or only a short, remission 
period. 

The time during pregnancy when diabetes was 
diagnosed (pregnancy week for start of insulin 
treatment),  birth weight, fetal sex, and patient tissue 
type were without prognostic significance in deter- 
mining the need for permanent  insulin treatment. 
However, H L A - D R 3  (but not H L A - D R 4 )  tissue 
t y p e ( F i g . i f )  tended to mark a worse prognosis 
(p = 0.07). 

Discussion 

This study describes the clinical course of Type 1 diabe- 
tes with onset during pregnancy. Comparison is made 
with other diabetic patients in whom diabetes preced- 
ed pregnancy, and a healthy control group. The fre- 
quency of obstetric complications among all Type 1 
diabetic pregnant women was similar, but the frequency 
of major congenital malformations in the study group 
was surprisingly low, i.e. no higher than in healthy 
women. 

Analysis of the data concerning the possible occur- 
rence of a remission period pointed to a number  of phe- 
nomena as being of prognostic significance. The young; 
the first para; those not overweight, and those with higher 
blood glucose levels at the time of diagnosis had no or only 
a short remission period. It must be assumed that these pa- 
tients sustain more rapid and comprehensive B-cell de- 
struction. 

Because of the natural dependence between age and 
parity it is relevant to assess their joint influence on 
prognosis. This is difficult with the long-rank test be- 

K. Buschard et al.: Type 1 diabetes diagnosed during pregnancy 

cause of the small number of women in the subgroups. 
Therefore,  a proportional hazards model [7] was 
performed, including age in years and parity number  
as covariates. It turned out that age was most impor- 
tant and that when age was included, parity did not 
yield significant information, although there was a 
tendency in the same direction as for the univariate 
analysis. 

Very high blood glucose values and massive ketonuria 
are often seen at diagnosis of Type 1 diabetes during 
pregnancy because of a rapid and acute onset of the dis- 
ease. Such emphatic metabolic derangement probably 
has profound effects on the course of pregnancy [1], 
reflected by the high perinatal mortality and the fre- 
quency of other obstetric complications. In order to pre- 
vent these complications, it seems important to centralize 
the treatment of newly diagnosed pregnant Type 1 
diabetic patients by immediate admission to hospital 
centres specializing in the care of these relatively rare 
patients. 

Of interest is the low incidence of congenital malfor- 
mation in the 64 children of the New White B diabetic 
women - only one minor deformity - hypospadia. This in- 
cidence is as in the normal population, and significantly 
lower than in women who were diabetic before pregnancy. 
It thus seems likely that a decisive factor is the probable 
normoglycaemic status of the New White B diabetic pa- 
tients at the time of conception and the first period there- 
after. This idea derives some indirect support from the lit- 
erature [8, 9]. 

At  follow-up, all patients were found to be diabetic. 
Some had been insulin treated continuously from time of 
diagnosis; others had had a shorter or longer period with- 
out insulin. Among those women not insulin treated at 
the time of follow-up were several who in all probability 
should have been, and all were in need of strict di- 
etary control. Many patients lacked insight into their 
condition. An important conclusion of the study is, 
therefore, that women with diabetes newly diagnosed 
in pregnancy are in need of regular control - permanent-  
ly - after delivery, irrespective of an apparent lack of 
need of insulin treatment for a period after delivery. The 
study indicates that all the patients continue to have 
diabetes and that the majority display Type 1 diabetes 
mellitus. 

For future patients who develop insulin-dependent 
diabetes during pregnancy and stop insulin treatment 
afterwards, the recorded prognostic factors (youth, prima 
para, normal weight, and high blood glucose level at diag- 
nosis) should be considered when deciding the optimal in- 
tervals between clinical controls after delivery, as such pa- 
tients remain diabetic and will very probably need insulin 
treatment at some time in the future. There might, also for 
the non-pregnant diabetic patients be a correlation be- 
tween some of these factors and the extent and rapidity of 
B-cell destruction. Regarding youth as a prognostic factor, 
our observation is reinforced by other studies [10-12] in 
which a higher prevalence of B-cell function is seen after 
several years' duration of diabetes in patients diagnosed 
at a higher age in comparison with patients diagnosed 
when younger. 



K. Buschard et al.: Type i diabetes diagnosed during pregnancy 

References  

1. Pedersen J (1967) The pregnant diabetic and her newborn. 
Munksgaard, Copenhagen 

2. Buschard K, Buch I, Mr L, Hougaard R K~ihl C 
(1987) Increased incidence of true type I diabetes acquired dur- 
ing pregnancy. Br Med J 294:275-279 

3. Natvig H (1956) Nye hcyde-vekttabeller for norske kvinner og 
men. Landsforeningen for kosthold og helse. Universitetsfor- 
laget, Oslo 

4. Madsbad S, Krarup T, McNair R Christiansen C, Faber OK, 
Transbr I, Binder C (1981) Practical clinical value of the C-pep- 
tide response to glucagon stimulation in the choice of treatment 
in diabetes mellitus. Acta Med Scand 210:153-156 

5. Mr B, Buschard K, Buch I, Mr L, K~ihl 
C, Jakobsen BK, Svejgaard A (1987) HLA associations in in- 
sulin-dependent diabetes mellitus diagnosed during pregnancy. 
Acta Endocrinol 116:387-389 

6. Medicinsk F0dselsstatistik 1979. Vitalstatistik I: 1: 1982, Sund- 
hedsstyrelsen, Copenhagen 

7. Kalbfleisch JD, Prentice RL (1980) The statistical analysis of 
failure time data. Wiley, New York 

8. Fuhrmann K, Reiher H, Semmler K, Fischer F, Fischer M, G16ck- 
ner E (1983) Prevention of congenital malformations in infants 
of insulin-dependent diabetic mothers. Diabetes Care 6:219-223 

35 

9. Goldman JA, Dicker D, Feldberg D, Yeshaya A, Samuel N, Karp 
M (1986) Pregnancy outcome in patients with insulin-dependent 
diabetes mellitus with preconceptional diabetic control: a com- 
parative study. Am J Obstet Gyneco1155:293-297 

10. Ludvigsson J, Heding LG (1976) C-peptide in children with 
juvenile diabetes. Diabetologia 12:627-630 

11. Madsbad S, Faber OK, Binder C, McNair R Christiansen C, 
Transbr I (1978) Prevalence of residual beta-cell function in in- 
sulin-dependent diabetics in relation to age at onset and duration 
of diabetes. Diabetes 27 [Suppl. 1]: 262-264 

12. Hoogwerf B J, Rich SS, Barbosa JJ (1985) Meal-stimulated C- 
peptide and insulin antibodies in Type 1 diabetic subjects and 
their nondiabetic siblings characterized by HLA-DR antigens. 
Diabetes 34:440-445 

Received: 6 March 1989 
and in revised form: 24 August 1989 

Dr. K. Buschard 
The Bartholin Institute 
Kommunehospitalet 
DK-1399 Copenhagen K 
Denmark 


