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ABSTRACT 

Background: Dr. Priscilla White, a pioneer in the care of diabetes (DM) in pregnancy, 
recognized that the prognosis of pregnancy is not identical in all women with type 1 
DM. To improve the prediction of risks, she published in 1949 a classification system 
for pregnant women with DM according to the age at onset, the duration of DM and 
the presence of diabetic vascular complications. Since then, great advances in diabetes 
care and obstetrics have been made, but adverse outcomes remain increased in type 1 
DM pregnancies compared with background populations. Pregnancy-related 
metabolic and hemodynamic changes superimposed on the diabetic metabolic milieu 
and the diabetes-affected vasculature contribute to many of these complications. The 
increasing prevalence of obesity in women of reproductive age may result in 
additional obstetric challenges.  
 
Aims. To analyze the trends in pre-pregnancy body mass index (BMI), glycemic 
control and blood pressure (BP) levels and their relations to obstetric and perinatal 
outcomes in women with type 1 DM during 1988-2011. To analyze the association of 
White’s class with pregnancy outcomes in contemporary type 1 diabetic parturients 
and to evaluate whether White’s classification provides predictive information in 
addition to measurement of first trimester glycated hemoglobin (HbA1c) and BP. 
 
Subjects and methods. The obstetric records of a population-based cohort of 1094 
consecutive type 1 DM patients with a singleton childbirth during 1988-2011 at 
Helsinki University Hospital (HUH) were reviewed. The most recent childbirth of 
each woman was included. The patients were categorized based on White’s 
classification as follows: 1) class B (n= 208): age at onset ≥20 years and DM duration 
<10 years; 2) class C (n=282): age at onset 10-19 years or DM duration 10-19 years; 
3) class D (n=375): age at onset  <10 years or DM duration ≥20 years or background 
retinopathy; 4) class R (n=121): diabetic proliferative retinopathy; and 5) class F 
(n=108): diabetic nephropathy.  
 
Results. During 1988-2011, the pre-pregnancy BMI increased, with the exception of 
women with diabetic nephropathy. The frequencies of BMI 25-29.9 kg/m2 and ≥30 
kg/m2 increased from 19% and 2%, respectively, in 1988-1991 to 37% and 10% in 
2008-2011. Concurrently, pre-pregnancy and late pregnancy glycemic control 
deteriorated. Early pregnancy glycemic control remained suboptimal (mean HbA1c 
>7%) in the total cohort and in patients with diabetic nephropathy it was particularly 
poor (median HbA1c >8%). The proportion of women who exceeded the American 
Diabetes Association’s definition of hypertension during pregnancy (BP >130/80 
mmHg) increased in all trimesters of pregnancy and the frequency of preeclampsia 
remained high (19-34%). In women with diabetic nephropathy, BP exceeded 130/80 
mmHg in >60% of patients in the first trimester and in >90% of patients in the third 
trimester throughout the study period and the frequency of preeclampsia was 48%.  
 
In the total cohort, the elective and the total cesarean section (CS) rates decreased 
from 58% and 74%, respectively, in 1988-1991 to 27% and 66% in 2008-2011. The 
emergency CS rate increased from 16% in 1988-1991 to 39% in 2008-2011. 
Deliveries before 37 weeks of gestation increased from 29% in 1988-1991 to 49% in 
2008-2011, and deliveries before 32 weeks decreased from 4% in 1988-1991 to 2% in 



2008-2011. Of patients with diabetic nephropathy, >70% delivered before 37 weeks 
of gestation and >90% delivered by CS throughout the study period.    
 
Among the newborn infants, the frequency of fetal macrosomia remained high (27-
39%). The frequencies of umbilical artery pH <7.15 and <7.05 increased from 4% and 
1%, respectively, in 1988-1991 to 18% and 4% in 2008-2011. The frequency of 
neonatal hypoglycemia decreased from 66% in 1988-1991 to 55% in 2008-2011. 
Neonatal intensive care unit (NICU) admissions persisted above 15%. The perinatal 
mortality rate was 1.8% in the total cohort and 3.4% in diabetic nephropathy patients. 
 
In multiple regression analyses exploring risk factors of adverse outcomes, poor 
glycemic control in early and late pregnancy was associated with delivery before 37 
weeks of gestation, fetal macrosomia, and NICU admission. Poor glycemic control in 
late pregnancy was also associated with fetal acidemia at birth and neonatal 
hypoglycemia. Early pregnancy BP >130/80 mmHg was associated with delivery 
before 37 weeks, small-for-gestational age infant, NICU admission, and decreased 
risk of fetal macrosomia. Maternal overweight predicted fetal macrosomia. White’s 
classes B to F predicted preeclampsia, independently of suboptimal glycemic control  
(HbA1c ≥7%) and hypertension (BP ≥140/90 mmHg) in early pregnancy, with odds 
ratios increasing stepwise from class B to F. White’s classes R and F were associated 
with delivery before 37 weeks. Class F also predicted NICU admission and reduced 
risk of fetal macrosomia. White’s class did not predict other perinatal outcomes.  
 
Conclusions. Pre-pregnancy BMI has increased, glycemic control before pregnancy 
and during the second half of pregnancy has deteriorated, and BP levels during 
pregnancy have increased in type 1 diabetic parturients. The frequencies of most 
adverse obstetric and perinatal outcomes have either persisted at high levels or 
increased. The results call for an intensified therapeutic approach in type 1 DM 
women, both before and during pregnancy. White’s classification is useful in 
estimating the risk of preeclampsia but its contemporary utility in predicting other 
pregnancy outcomes of women with type 1 DM appears limited when information on 
first trimester HbA1c, BP and diabetic microvascular complications is available. 
  
 

 
 
 
 
 
 
 
 
 

























































3 AIMS OF THE STUDY 

I To analyze temporal trends in pre-pregnancy BMI, glycemic control during 
pregnancy, delivery mode and perinatal outcome among type 1 DM patients with a 
singleton childbirth at HUH during 1989-2008.  
 
II To analyze temporal trends in BP levels during pregnancy as well as frequencies of 
hypertensive pregnancy complications in type 1 DM patients with a singleton 
childbirth at HUH during 1989-2010.  
 
III To analyze temporal changes in glycemic control, BP levels, markers of renal 
function as well as obstetric and perinatal outcomes of women with type 1 DM and 
diabetic nephropathy (White’s class F) during 1988-2011.  
 
IV To analyze the association of White’s class with obstetric and perinatal risk factors 
and outcomes in type 1 DM patients with a singleton childbirth at HUH during 1988-
2011. To evaluate whether White’s classification provides predictive information in 
addition to measurement of first trimester HbA1c and BP. 













6 RESULTS  

 

6.1 Maternal characteristics  

6.1.1 Time-trends (Studies I, II and III) 
 
All parturients with type 1 DM. Maternal characteristics of the whole study population 
for the period 1988-2011 are presented in Table 4. Maternal age, age at DM 
diagnosis, DM duration and the proportion of parturients who smoked during 
pregnancy did not change during the study period, but the frequency of nulliparous 
parturients increased marginally over time. The trends of pre-gestational BMI, 
overweight and obesity were increasing. The frequencies of patients in White’s 
classes C and F decreased and those in White’s class D increased during 1988-2011.  
 
The mean HbA1c levels in each trimester of pregnancy during 1988-2011 are also 
shown in Table 4. The trend of the last HbA1c level measured within 12 months 
before pregnancy was increasing. The first HbA1c measured in the first trimester 
remained unchanged during 1988-2011, but the mid-trimester HbA1c levels and the 
last HbA1c values before delivery increased. The first HbA1c value in the first 
trimester correlated positively with the last HbA1c before delivery (r=0.54, p<0.001). 
 
Parturients with diabetic nephropathy. When the time periods 1988-1999 (n=43) and 
2000-2011 (n=65) were compared, the median (range) duration of DM increased from 
19 years (10-34) to 24 years (12-33) (p=0.01). The median age at diagnosis of DM, 
pregestational BMI or the frequency of nulliparity did not differ between the two 
study periods. The frequencies of smoking during pregnancy (26% vs. 29%, p=0.78) 
and proliferative retinopathy (51% vs. 65%, p=0.14) remained high. 

In patients with diabetic nephropathy, the median (range) HbA1c levels remained high 
in the prepregnancy period, being 8.2% (5.7–12.5) in 1988-1999 and 8.5% (6.1–13.5) 
in 2000-2011 (p=0.16). The median (range) first trimester HbA1c values were 8.3% 
(5.7–11.8) in 1988-1999 and 8.4% (5.6–13.7) in 2000-2011, p=0.67. In both time 
periods, the median (range) HbA1c decreased by mid-pregnancy, being 6.7% (4.7–
9.3) in 1988-1999 and 6.9% (5.1–9.0) in 2000-2011, p=0.11. The median (range) last 
HbA1c levels before delivery were 6.7% (4.6–10.0) in 1988-1999 and 6.8% (5.3–9.3) 
in 2000-2011 (p=0.67).  

6.1.2 Trends across White’s classes (Study IV) 
 
Table 5 shows the maternal characteristics for the entire study population categorized 
by White’s class. No trends were seen in maternal age across White’s classes, age at 
DM diagnosis or DM duration across White’s classes D, R and F. The age at 
diagnosis of DM did not differ between White’s classes D, R and F. The duration of 
DM was somewhat longer in White’s class R than in classes D (p=0.01) and F 
(p=0.003). There were more nulliparous women in White’s class F compared to 
classes B to R (p=0.01) and in White’s class R compared to classes B to D (p=0.01). 
The frequency of smoking during pregnancy was similar in White’s classes B to R, 
but high in class F (p<0.001 for F vs. B to R).   







In the total cohort, 73% of patients had been diagnosed with DM before the age of 20 
years and 74% had DM duration of over 10 years. Among White’s class D patients, 
43% (163/375) had background retinopathy. Among White’s class F patients, 56% 
(61/108) had proliferative retinopathy. Of all patients, 26% (284/1094) had either 
background or proliferative retinopathy without diabetic nephropathy.  
 
The prepregnancy and the first trimester HbA1c levels increased across White’s 
classes from B to F (p for trend <0.001 for both) but the trends of the mid-pregnancy 
HbA1c and the last HbA1c values before delivery were not significant across classes B 
to F (Figure 1). The HbA1c values decreased from the prepregnancy to the first 
trimester level (p=0.02 for class B, p=0.001 for class R and p<0.001 for classes C, D 
and F) and from the first trimester to the second trimester level (p<0.001 for all 
White’s classes). In White’s classes B to R, the last HbA1c values before delivery 
were slightly higher than those measured in the second trimester (p<0.001 for classes 
B, C and D, p=0.004 for class R), but in class F no such increase was seen (p=0.07). 

 

6.2 Hypertension during pregnancy and preeclampsia 

6.2.1 Time-trends (Studies II and III) 
 
All parturients with type 1 DM. The mean systolic BP in the first trimester and the 
mean diastolic BP in all trimesters of pregnancy increased over the study period in 
normotensive women with type 1 DM (Table 6). The proportion of type 1 DM 
parturients who fulfilled the ADA hypertension criteria (BP >130/80 mmHg) 
increased, but no change was observed in the proportion of those who fulfilled the 
ACOG hypertension criteria (≥140/90 mmHg) (Table 7). The frequency of 
preeclampsia (19-34%) did not change during 1988-2011 (Table 7). 
 
Parturients with diabetic nephropathy. In White’s class F parturients, 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) of patients in the third trimester, during 1988-1999 and 2000-2011, 
respectively. In the same group of patients, BP ≥140/90 mmHg was recorded in 38% 
and 47% in the first trimester (p=0.39) and in 87% and 81% in the third trimester 
(p=0.40), during 1988-1999 and 2000-2011, respectively. The use of antihypertensive 
medication use increased in this group of parturients before pregnancy (34% vs. 65%, 
p=0.002) and in the second trimester (25% vs. 47%, p=0.02) and in the third trimester 
of pregnancy (36% vs. 61%, p=0.01) when the two time periods were compared.  
 
Also in type 1 DM patients with diabetic nephropathy, preeclampsia frequencies 
remained high when the time periods 1988-1999 and 2000-2011 were compared (52% 
vs. 42%, respectively, p=0.29). One case of eclampsia occurred in 1993.  

6.2.2 Trends across White’s classes (Study IV) 
 
Table 8 shows the trends across White’s classes in the frequencies of hypertension 
during pregnancy during 1988-2011. The frequency of women with BP fulfilling the 
ACOG criteria of hypertension during pregnancy (systolic BP ≥140 mmHg and/or 
diastolic BP ≥90 mmHg) and the proportion of women exceeding the ADA criteria of 
hypertension during pregnancy (systolic BP >130 mmHg and/or diastolic BP >80 





















2.6%, p=0.37) or umbilical artery pH<7.15 (4.7% vs. 10.5%, p=0.42), or neonatal 
hypoglycemia (60.0% vs. 53.7%, p=0.52) were observed when the periods 1988-1999 
and 2000-2011 were compared. However, NICU admissions increased from 26% in 
1988-1999 to 49% in 2000-2011 (p=0.02).  

6.6.2 Trends across White’s classes (Study IV) 
 
There were no significant trends across White’s classes regarding frequencies of 
umbilical artery pH <7.05 or <7.15, neonatal hypoglycemia and NICU admissions 
(Table 10).  

 

6.7 Perinatal deaths (Studies III and IV) 
 
Time-trends (Table 9) and trends across White’s classes (Table 10) were not 
statistically significant concerning perinatal mortality. Perinatal mortality in the total 
cohort during 1988–2011 was 1.8% (31/1697) in singleton pregnancies. In the 
offspring diabetic nephropathy patients, perinatal mortality was 3.4% (5/147). 
  
 

6.8 Risk factors of adverse obstetric and perinatal outcomes (Studies 
I-IV) 
 
All parturients with type 1 DM. Risk factors of common adverse obstetric and 
perinatal outcomes in type 1 diabetic pregnancies are shown in Table 11. In multiple 
logistic regression analysis, the last HbA1c value before delivery >7% was associated 
with preterm delivery, umbilical artery pH <7.15 at birth, fetal macrosomia, neonatal 
hypoglycemia and NICU admission. First trimester BP >130/80 mmHg was 
associated with preterm delivery before 37 weeks, SGA infant and NICU admission, 
and reduced risk of fetal macrosomia. Maternal pre-pregnancy BMI ≥25 kg/m2 was 
associated with fetal macrosomia, delivery before 37 weeks and NICU admission, but 
the associations with preterm delivery and NICU admission disappeared after 
adjustments. Smoking was associated with SGA infant and decreased likelihood of 
fetal macrosomia. Nulliparity was associated with pre-term delivery before 37 weeks, 
SGA infant, and reduced risk of fetal macrosomia, but the association with SGA 
infant disappeared after adjustments. Maternal age was associated with decreased 
likelihood of NICU admission in univariate analysis but not after adjustments.   
 
Parturients with diabetic nephropathy. Risk factors of adverse perinatal outcomes in 
parturients with diabetic nephropathy were studied separately with multiple logistic 
regression analysis, including maternal age (years), prepregnancy BMI (kg/m2), first 
trimester BP >130/80 mmHg, second trimester proteinuria ≥3 g/24 h, and last HbA1c 
before delivery (%) as independent variables. Only variables with p<0.2 in the 
univariate analyses were entered into the multiple models. First trimester BP >130/80 
mmHg was associated with delivery before 37 weeks (adjusted OR [95% CI] 3.62 
[1.24, 10.56]) and NICU admission (adjusted OR 3.18 [1.19, 8.53]). The last HbA1c 
value before delivery was associated with delivery before 37 weeks (adjusted OR 2.26 
[1.28, 3.98] per increment) and umbilical artery pH <7.15 (adjusted OR 2.39 [1.05, 
5.42] per increment). Second trimester proteinuria ≥3g/24h was associated with SGA 



infant (adjusted OR  19.52 [1.91, 199.65]) and NICU admission (adjusted OR 6.10 
[2.07, 17.96]). Maternal BMI was associated with fetal macrosomia (adjusted OR 
1.24 [1.05, 1.45] per increment) and maternal age with decreased likelihood of 
delivering an SGA infant (adjusted OR 0.76 [0.60, 0.96] per increment).  
 
Association of White’s class with adverse pregnancy outcomes. When the associations 
of White’s class, first HbA1c in the first trimester ≥7% (≥53 mmol/mol) and first 
trimester hypertension with adverse pregnancy outcomes were studied with multiple 
logistic regression analysis, White’s class predicted preeclampsia, with a stepwise 
increase in odds ratios (OR) from White’s class B to F (Table 12). Also first trimester 
HbA1c ≥7% and BP ≥140/90 mmHg were associated with preeclampsia. White’s 
classes R and F as well as first trimester HbA1c ≥7% were associated with delivery 
before 37 weeks. First trimester BP ≥140/90 mmHg was associated with preterm 
delivery in univariate analysis, but after adjustments the association disappeared 
(Table 12). First trimester HbA1c ≥7% predicted fetal macrosomia whereas White’s 
class F and first trimester BP ≥140/90 mmHg were associated with reduced likelihood 
of fetal macrosomia. White’s class F and first trimester HbA1c ≥7% were associated 
with NICU admission. First trimester BP ≥140/90 mmHg predicted NICU admission 
in univariate analysis but not after adjustments (Table 12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 11. Maternal factors predicting adverse perinatal outcomes in 1094 type 1 diabetes patients with 
a singleton delivery at Helsinki University Hospital during 1988-2011.  
 

 
aIndependent variables used in the multiple logistic regression analyses: maternal age, BMI ≥25 
kg/m2, nulliparity, smoking, last HbA1c before delivery >7% (>53 mmol/mol) and first trimester blood 
pressure (BP) >130/80 mmHg. All variables with p<0.2 in the univariate analyses were entered into 
the multiple model. 
bFor maternal age, odds ratios are presented per year. 

 

 

 

 

 

 

 

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

Adjusted OR 
(95% CI)a 

Delivery <37 weeks of gestation     Last HbA1c before delivery >7% 
First trimester BP >130/80 mmHg 
Pre-pregnancy BMI ≥25 kg/m2 
Nulliparity 
 

2.81 (2.18-3.62) 
1.92 (1.46-2.53) 
1.44 (1.12-1.85) 
1.31 (1.03-1.68) 
 

2.94 (2.23-3.88) 
1.93 (1.43-2.60) 
1.19 (0.90-1.59) 
1.36 (1.04-1.80) 
 

Umbilical artery pH <7.15 Last HbA1c before delivery >7% 
 

1.57 (1.06-2.33) 1.67 (1.10-2.51) 

Macrosomia  
(relative birth weight >2 SD units 
or >97.7th percentile) 

Last HbA1c before delivery >7% 
Pre-pregnancy BMI ≥25 kg/m2 
First trimester BP >130/80 mmHg 
Smoking 
Nulliparity 
 

1.97 (1.53-2.56) 
1.38 (1.06-1.78) 
0.67 (0.50-0.90) 
0.50 (0.34-0.75) 
0.48 (0.37-0.63) 
 

1.93 (1.46-2.57) 
1.39 (1.03-1.85) 
0.67 (0.48-0.92) 
0.40 (0.25-0.62) 
0.52 (0.39-0.69) 

Small-for-gestational age  
(relative birth weight <-2 SD units 
or  <2.3th percentile) 

Nulliparity 
First trimester BP >130/80 mmHg 
Smoking 
 

3.05 (1.29-7.18) 
3.02 (1.24-7.37) 
2.68 (1.08-6.61) 

2.55 (0.99-6.60) 
3.30 (1.31-8.34) 
2.98 (1.10-8.07) 

NICU admission Last HbA1c before delivery >7% 
First trimester BP >130/80 mmHg 
Pre-pregnancy BMI ≥25 kg/m2 

Maternal age (years)b 
 

2.39 (1.72-3.32) 
1.75 (1.24-2.47) 
1.74 (1.26-2.41) 
0.96 (0.93-0.99) 

2.06 (1.44-2.95) 
1.78 (1.23-2.57) 
1.04 (1.00-1.10) 
0.96 (0.93-1.00) 

Neonatal hypoglycemia Last HbA1c before delivery >7% 
 

2.39 (1.72-3.32) 2.30 (1.77-2.97) 





7 DISCUSSION  

 

7.1 Main findings 
 
The present study revealed that the pre-pregnancy weight of Finnish parturients with 
type 1 DM increased during 1988-2011, with the exception of parturients with 
diabetic nephropathy. At the same time, glycemic control deteriorated in the pre-
pregnancy period and in late pregnancy and remained suboptimal in early pregnancy. 
The proportion of women fulfilling the ADA criteria for hypertension (>130/80 
mmHg) during pregnancy increased. Hypertension frequencies remained particularly 
high in women with diabetic nephropathy, despite increased use of antihypertensive 
medications. In the total cohort, the elective CS rate decreased, the emergency CS rate 
increased, and the total CS rate decreased but remained above 60%. 
 
Among the infants of type 1 DM parturients, fetal macrosomia frequencies persisted 
at high levels during 1988-2011, fetal acidosis at birth increased and neonatal 
hypoglycaemia decreased. NICU admission rates were high throughout the study 
period. The frequencies of preeclampsia and preterm deliveries remained markedly 
high, especially in pregnancies complicated by diabetic nephropathy.  
 
In the analyses of risk factors of adverse perinatal outcomes, poor glycemic control in 
early and late pregnancy was associated with delivery before 37 weeks of gestation, 
fetal macrosomia, and NICU admission. Poor glycemic control in late pregnancy was 
also associated with fetal acidemia at birth and neonatal hypoglycemia. Early 
pregnancy BP >130/80 mmHg was associated with delivery before 37 weeks, SGA 
infant and NICU admission, and reduced risk of fetal macrosomia. Maternal 
overweight was associated with fetal macrosomia. White’s classes B to F predicted 
preeclampsia independently of suboptimal glycemic control and hypertension, with 
odds ratios increasing stepwise from class B to F. However, the utility of White’s 
classification in the prediction of perinatal complications was limited. 

7.2 Strengths and limitations of the study 

The sample size was large and the long study period enabled the analysis of temporal 
trends. The population-based design improved the generalizability of the results. On 
the other hand, certain changes in clinical practice may have influenced some results 
during the long study period. Furthermore, due to the retrospective study design, some 
data were not available systematically in all patients, e.g. SMBG measurements, 
insulin doses, or data on different markers of renal function in diabetic nephropathy 
patients. For the same reason, it was not possible to collect accurate information 
concerning episodes of maternal severe hypoglycemia or diabetic ketoacidosis, diet 
and other lifestyle factors, or total weight gain during pregnancy. Some patients may 
have had their HbA1c levels controlled before pregnancy at private clinics or health 
care centers and these values could not be included in the data if they were not 
mentioned in admission notes. Although the sample size was large, the cohort did not 
include a sufficient number of patients with macrovascular DM complications or 





involving 3457 type 1 diabetic parturients and 764 498 non-diabetic parturients 
demonstrated that obesity is an independent risk factor in type 1 DM pregnancies and 
when obesity and type 1 DM occur together, the risks exceed those of either condition 
alone (Persson et al. 2012). The present study is in agreement with the findings of 
Persson et al. (2012) who showed that overweight and obesity in type 1 diabetic 
parturients increases the risk of preeclampsia, macrosomia and CS in comparison to 
normal weight type 1 DM parturients. Overweight or obesity did not predict preterm 
delivery in the study of Persson et al. (2012), despite their association with 
preeclampsia.  
 
Overall, the increasing trend of BMI among women with type 1 DM underlines the 
need to invest in lifestyle counselling, such as medical nutritional therapy and 
physical activity advice, as part of multidisciplinary DM follow-up and care (Ilanne-
Parikka 2015). The multiple daily injections approach using modern insulin analogues 
allows flexible choice of foods, both healthy and unhealthy, which may increase 
caloric intake and lead to weight gain if the patient’s nutritional awareness is poor 
(Davison et al. 2014; DCCT Research Group 2001). Intensive insulin treatment, 
which has become more common in the recent decades, may also predispose to 
weight gain (Conway et al. 2010). Unfortunately, adequate data on insulin doses was 
not available to be analysed in the present study.  

7.3.3 Glycemic control before and during pregnancy   

The present study (Studies I-IV) contributes to the pre-existing large body of evidence 
on the association of maternal poor glycemic control with adverse pregnancy 
outcomes (Holmes et al. 2011; Karlsson and Kjellmer 1972; Lepercq et al. 2004; 
Maresh et al. 2015; Miailhe et al. 2013; Vääräsmäki et al. 2000). During 1988-2011, 
the glycemic target for type 1 DM parturients treated at HUH was HbA1 <7% before 
and during pregnancy, in line with international and national recommendations (Table 
1). However, the observed pre-pregnancy and first trimester HbA1c levels exceeded 
this target throughout the study period. The results are in agreement with a Finnish 
report showing no improvement in glycemic control among non-pregnant adults with 
type 1 DM since 1990’s (Valle et al. 2010). 
 
The observation that poor early pregnancy glycemic control correlates with poor late 
pregnancy glycemic control (Study I) and associates with various obstetric and 
perinatal complications (Studies II and IV) is consistent with previous studies 
(Hiilesmaa et al. 2000; Jensen et al. 2009b; Nielsen et al. 2006; Suhonen et al. 2000; 
Temple 2002). The results suggest that the most intensive therapeutic efforts should 
be focused on women with poor glycemic control before and in early pregnancy. Type 
1 DM women who do not attend pre-pregnancy care are more likely to be 
socioeconomically disadvantaged and have a low educational status compared to 
women who plan their pregnancies (Glinianaia et al. 2014a; Holing et al. 1998; 
Tripathi et al. 2010). The increasing pre-pregnancy HbA1c, the fact that the pre-
pregnancy HbA1c value was available for less than 50% of the patients, and the lack 
of improvement in the first trimester HbA1c levels call for new strategies to promote 
utilization of pre-pregnancy care. Counselling on the importance of optimizing 
glycemic control before pregnancy, and ensuring reliable contraception in case 
pregnancy is not wished, could be incorporated into routine annual check-ups of 
female type 1 DM patients of reproductive age.  



















8. CONCLUSIONS 
 
1. During 1988-2011, maternal pre-pregnancy overweight and obesity increased, 
glycemic control before pregnancy and during the second half of pregnancy 
deteriorated, and early pregnancy glycemic control remained suboptimal in women 
with type 1 DM. The frequencies of most adverse perinatal outcomes either persisted 
at high levels or increased. The results demonstrate that the care of reproductive-age 
women with type 1 DM should be intensified both before and during pregnancy.  
 
2. Despite the increasing trend of pre-pregnancy BMI and the worsening of late 
pregnancy glycemic control in women with type 1 DM during 1988-2011, there was 
no concurrent increase in the frequency of hypertensive pregnancy disorders. 
However, the BP levels of type 1 DM parturients currently classified as normotensive 
increased. Furthermore, the proportion of all type 1 DM parturients who exceeded the 
ADA-recommended BP threshold of 130/80 mmHg during pregnancy increased. 
 
3. Preeclampsia and preterm delivery rates remained high, and BP levels as well as 
early pregnancy glycemic control suboptimal, in parturients with diabetic nephropathy 
during 1988-2011. The high frequency of hypertension throughout pregnancy despite 
the increased use of antihypertensive medications calls for more attention to 
controlling BP in type 1 DM parturients with diabetic kidney disease.  
 
4. White’s classification is useful in estimating the risk of preeclampsia in early 
pregnancy independently of suboptimal glycemic control and hypertension. 
However, its contemporary utility in predicting other adverse pregnancy outcomes in 
women with type 1 DM seems limited when information on first trimester HbA1c, BP 
and diabetic microvascular complications is available. 
 
5. Future investigations should explore:  
 

1) Factors behind the persisting poor glycemic control among reproductive-
age women with type 1 DM before and during pregnancy. 
 
2) Possible areas of improvement concerning the availability, accessibility and 
quality of care provided to type 1 DM women before and during pregnancy.  
 
3) Time-trends in the indications for CS deliveries in type 1 DM parturients.  
 
4) New methods for antenatal diagnosis of fetal hypoxia, assessment of fetal 
body composition and diagnosis of feto-pelvic disproportion to optimize the 
timing and mode of delivery in type 1 DM patients.  

 
5) Possible associations of hypertension of different degrees of severity during 
pregnancy, different targets of anti-hypertensive treatment, and different 
hypertensive complications of pregnancy, with short- and long-term outcomes 
in type 1 DM women and their offspring. 

 
6) Possible shared genetic and other risk factors between specific diabetic 
vascular complications and adverse pregnancy outcomes in type 1 DM.   
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