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Without strict glycemic control, diabetic pregnancies 
are frequently complicated by spontaneous abortion, 
stillbirth, or congenital malformation. Retrospective 
studies have been largely reassuring that pregnancy 
does not accelerate morbid outcomes in women with 
diabetic vascular disease. Improved outcomes of high-
risk pregnancy in women with pregestational, type 1, or 
type 2 diabetes mellitus remain challenging, depend-
ing on a comprehensive and multidisciplinary team 
approach and extensive preconception counseling.

Introduction
Hyperglycemia, even when transient, is the primary 
cause of diabetic microvascular complications, likely via 
mechanisms mediated by oxidative stress [1] including 
retinopathy, nephropathy, and neuropathy [2]. Also, both 
hyperglycemia and insulin resistance have been linked to 
increased risk of coronary artery disease (CAD).

Although risks associated with pregnancy in diabetic 
women have fallen with new standards for glycemic 
control, especially the risk of fetal malformations in 
planned pregnancies [2], some studies suggest that 
microvascular complications [3] still worsen during 
diabetic pregnancy. This review focuses on microvascular 
complications (retinopathy, nephropathy, and neuropathy), 
and on CAD in diabetic pregnancy. 

Diabetic Retinopathy 
Diabetic retinopathy (DR) typically involves progression 
from nonproliferative microvascular abnormalities, with 
development of capillary microaneurysms, excessive 
vascular permeability, and the formation of vascular 

occlusions, to a phase of proliferative retinopathy, with 
neovascularization, fibrosis, and vitreous hemorrhage, 
leading ultimately to blindness [4]. After 20 years, nearly 
all patients who develop type 1 diabetes mellitus (DM) 
before age 30 will develop DR; 50% of these patients 
will have proliferative retinopathy. Thus, most pregnant 
women with type 1 diabetes have some degree of DR and 
many have proliferative retinopathy, which may not have 
come to clinical attention prior to conception.

The risk of progression from nonproliferative to pro-
liferative DR is directly related to the current severity of 
retinopathy. The rates of development and progression of DR 
during pregnancy range from 16% to 85% [5–7]. Regular 
funduscopy, leading to prophylactic laser photocoagulation, 
can often prevent progression. This, in combination with 
other treatment modalities, including vitrectomy when indi-
cated, has greatly improved clinical outcomes.

Pregnancy and diabetic retinopathy 
The effect of pregnancy on the natural course of DR is a 
matter of controversy. Although some patients with type 
1 DM experience rapid worsening of retinopathy during 
pregnancy [6,8–13], others do not [14–17]. In some cases, 
retinopathy during pregnancy progressed to proliferative 
disease that required photocoagulation [18,19,20••]. In 
some cohorts reported previously, pregnancy-associated 
changes regressed after delivery [19,20••,21].

Even if retinopathy progression is accelerated dur-
ing pregnancy, it is unclear whether remote prognosis is 
worsening; some controlled studies have demonstrated no 
long-term effect [11,12], whereas others have demonstrated 
a deleterious effect [14], especially in the setting of other 
pregnancy complications. The DCCT (Diabetes Control 
and Complications Trial) study compared outcomes of 
6.5 years after 270 pregnancies (180 women) with those 
in 500 women who did not conceive [8]. There was an 
increased risk (odds ratio 2.5–2.9) of transient retinopathy 
progression in both the conventional and intense treat-
ment groups during pregnancy, although remote outcomes 
compared were not worsened, as had been suggested by 
Rosenn and Miodovnik [4].

Several large studies have focused on long-term 
outcomes following pregnancy. The EURODIAB PCS 
(Prospective Complications Study) followed 793 women 
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for 7.3 years, comparing outcomes in the 163 women with 
an incident pregnancy with those women who did not 
conceive [20••]. Pregnancy was not related to presence or 
severity of retinopathy at follow-up, which was, however, 
predicted by duration of diabetes and hemoglobin A1c.

A larger retrospective study compared 776 nulliparous 
and 582 parous women with type 1 DM and found that 
the prevalence of retinopathy was lower in women who had 
two or more pregnancies (35%) compared with women 
who had only one pregnancy (45%) or no pregnancies 
(48%) [22]. Proliferative retinopathy was lower in parous 
women (8%) than in nulliparous women (16%). Although 
there may have been selection bias for favoring pregnancy 
in women with fewer diabetic complications, these differ-
ences persisted even after adjusting for glycemic control, 
suggesting that pregnancy is not a long-term risk factor for 
DR and its progression.

Hemachandra et al. [23] performed two nested, 
pair-matched, case-control studies within the EDIC 
(Epidemiology of Diabetes Complications) study. The 
first study found that the incidence of proliferative 
retinopathy among the 30 women with type 1 DM who 
had a pregnancy within the previous 2-year period was 
25%, compared with 9.1% among the 30 nulliparous 
control subjects; however, the difference was not 
statistically significant. The second study found that 
the incidence of proliferative retinopathy among the 
80 women who had a pregnancy during the previous  
4-year follow-up period was 35%, similar to that 
among nulliparous women (36%). Taken together, all 
of these results suggest that although retinopathy may 
accelerate during and immediately following pregnancy, 
remote outcomes are unchanged.

Rosenn et al. [24] argue that several factors may con-
tribute to the pathogenesis of DR, including 1) the role of 
glycemic control, “which is the cornerstone of manage-
ment for pregnant women with DM, and has emerged as 
the single most important factor associated with improved 
maternal and neonatal outcome” [24]; 2) angiogenic growth 
factors that result in vessel proliferation in endothelial cell 
cultures in vitro [25]; and 3) hypertension, which has been 
consistently linked to the severity of retinopathy because it 
develops in 10% to 20% of pregnant women with DM and 
pregnancy-induced hypertension [26].

Intensive glycemic control is not only the corner-
stone of management to improve neonatal outcome 
in pregnant women with DM [27], but also to limit 
retinopathy in the nonpregnant population [28–30]. 
Intensified glycemic control slows development and 
progression of several long-term microvascular com-
plications, including retinopathy, nephropathy, and 
neuropathy [31–33]. Therefore, the institution of strict 
glycemic control during pregnancy may be expected to 
confer a benefit in terms of progression of retinopathy.

Paradoxically, however, rapid normalization of (previous 
uncontrolled) hyperglycemia can cause acute, albeit often 

transient, progression of retinopathy [34]. Similar results 
have been found in pregnancy [6].

In addition to institution of strict glycemic control, 
other changes occurring during pregnancy may affect 
retinopathy. It has been suggested that circulating 
and local factors may contribute to the progression 
of retinopathy. These factors include growth hormone 
[35], insulin-like growth factor-1 [36,37], and various 
other growth factors (eg, vascular endothelial growth 
factor) and other angiogenic factors isolated from 
the vitreous of patients with proliferative retinopathy 
that produce vessel proliferation in vitro [38,39]. The 
relevance of these findings to pregnancy is that the 
placenta also produces angiogenic factors that result 
in vessel proliferation in endothelial cell cultures in 
vitro [40]. The concentration of fibroblast growth 
factor-2, a potent mitogen and angiogenic factor that 
appears in normal maternal serum during pregnancy, 
is substantially elevated in pregnant women with DR 
compared to those without retinopathy [41•].

Progression of retinopathy during pregnancy has also 
been associated with the risk of fetal growth restriction [24], 
suggesting the possibility that worsening microvascular 
disease may be a manifestation of vascular changes during 
pregnancy that may affect not only the retina, but also other 
vascular beds such as the utero-placental unit [24].

Another concern related to pregnancy is that the abrupt 
hypertension during delivery may cause acute retinal 
hemorrhages in mothers with preproliferative changes. This 
concern has led some obstetricians to advocate cesarean 
delivery for these mothers. However, others argue that the 
vascular changes are predominantly postarteriolar and are 
unlikely to be affected by the Valsalva maneuver.

Whether use of insulin lispro during pregnancy increases 
the risk of progression of retinopathy is a subject of some 
debate. In a cohort of 14 women treated with insulin 
lispro during pregnancy, described by Kitzmiller et al. 
[40], three progressed from no background retinopathy to 
bilateral proliferative retinopathy, suggesting an association 
between lispro and progression of retinopathy. The authors 
questioned whether lispro might enhance the production or 
activity of local or systemic vasoproliferative factors during 
pregnancy, and pointed to the fact that lispro is a homologue 
of insulin-like growth factor-1. In contrast, several authors 
have studied larger cohorts of pregnant women with diabetes 
and have found no increased risk of retinopathy associated 
with the use of lispro during pregnancy [40]. Loukovaara 
et al. [41•] concluded that insulin lispro seems to improve 
glycemic control throughout pregnancy in women with  
type 1 diabetes better than regular insulin with no adverse 
impact on progression of DR.

In summary, retinopathy progression during pregnancy 
is related to the severity of any baseline retinopathy: women 
without baseline changes are at relatively low risk of progres-
sion, and women with proliferative retinopathy are at high 
risk. It is also clear that some women who show progression 
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of retinopathy during pregnancy will show regression within 
1 or 2 years postpartum. However, it is not clear to what 
extent the irreversible component of progression observed 
during pregnancy is caused by pregnancy or simply reflects 
the natural history of a progressive disease. Also unclear is 
whether any changes attributable to pregnancy are caused 
primarily by the altered hormonal milieu of pregnancy, by 
the institution of strict glycemic control, by the occurrence 
of hypertensive complications of pregnancy, or by the hemo-
dynamic stresses of pregnancy, labor, and delivery. Most 
important, however, it appears that pregnancy does not alter 
the long-term course of DR and does not affect the long-term 
prognosis of the disease.

Diabetic Nephropathy
Several factors have been implicated in the development 
and progression of diabetic nephropathy (DN), many 
of which may be affected by pregnancy. DN is defined 
by typical biopsy readings, progressive glomerular 
protein leak, and subsequent loss of glomerular filtra-
tion rate (GFR). Overt nephropathy is characterized 
by macroalbuminuria (> 300 mg/d), macroproteinuria  
(> 500 mg/d), and subsequent progressive decline in renal 
function leading to end-stage renal disease (ESRD). DN 
is the most common cause of ESRD in the United States, 
accounting for approximately 45% of new cases [24].

Mogensen et al. [42] described several distinct clinical and 
subclinical stages of the disease. Initially, renal hypertrophy 
and microscopic lesions appear in genetically susceptible 
individuals within a few years of the onset of diabetes. These 
lesions are characterized by scattered sclerosis of glomeruli 
that can be demonstrated on renal biopsy even in the absence 
of clinical findings. Within 5 to 10 years, minute amounts 
of albumin (30–300 mg per 24 hours) and other anionic 
proteins appear in the urine, constituting the phase of 
incipient nephropathy, often associated with development of 
hypertension as well. Within a few years, overt nephropathy 
develops (> 300 mg of albumin per 24 hours) characterized 
by progressive, widespread glomerular sclerosis, resulting 
in excretion of progressively larger amounts of protein and 
then loss of GFR and progressive anemia.

The incidence of DN is related to the duration of 
diabetes and to glycemic control: approximately 15% 
of people with type 1 DM have nephropathy within 15 
years, 30% within 20 years, and 40% within 30 years 
from onset [43]. Once nephropathy is established, renal 
function continues to deteriorate progressively, with the 
GFR declining at an average rate of 10 mL/min each year. 
Progression to ESRD occurs in at least 75% of patients 
within the following 10 years [44], although this can be 
slowed by tight blood pressure control and blockage of 
the renin-angiotensin system.

Although angiotensin-converting enzyme (ACE) 
inhibitor therapy is standard for nephroprotection, both 
ACE inhibitors and angiotensin receptor blockers can lead 

to fetopathy and fatal neonatal acute renal failure when 
used later in pregnancy [45–47].

Pregnancy and diabetic nephropathy
Several factors associated with pregnancy could, hypo-
thetically, increase the risk of nephropathy, including 
renal hyperfiltration and hypertensive complications of 
pregnancy. Gestational glomerular hyperfiltration with 
GFR increments of 40% to 60% are due to balanced 
afferent and efferent arteriolar vasodilation; thus, they do 
not lead to glomerular hypertension or progressive loss of 
renal function. Whether this benign physiology applies in 
kidneys already exhibiting didactic damage is uncertain. 
Hypertension and preeclampsia affect 15% to 20% of all 
women with diabetes, and an even greater proportion of 
those with nephropathy; effects in nephropathy progres-
sion are uncertain. Tight blood pressure control during 
pregnancy will improve maternal and fetal outcomes 
without exacerbating fetal growth restriction, assessing 
whether the choice of antihypertensive agents used in 
gravidas with DN should differ from those used in women 
with chronic hypertension [48], and determining whether 
use of newer markers related to the pathophysiology of 
preeclampsia may allow early and accurate differentiation 
of superimposed preeclampsia from worsened hyper-
tension and proteinuria due to DN alone.

Several studies have attempted to follow women with 
DN during and after pregnancy to assess outcomes. These 
pregnancies often lead to marked increases in proteinuria, 
to nephritic levels, which usually resolve following delivery, 
often returning to prepregnancy levels.

Miodovnik et al. [49] retrospectively studied 182 
women with type 1 diabetes, of whom 46 had overt 
DN. These patients were followed for a period of 3 to 
16 years (median, 9.1 years) after delivery. Of the 136 
women without nephropathy at the time of pregnancy, 
only 13 (10%) eventually developed nephropathy 
later in life, within a mean of 10.1 years following the 
pregnancy. Proteinuria appearing during pregnancy and 
poor glycemic control during pregnancy, but not parity, 
was significantly associated with the subsequent devel-
opment of nephropathy. Of the 46 women who had overt 
nephropathy prior to pregnancy, 12 (26%) progressed to 
ESRD after a median period of 6 years, but again this 
was not associated with parity. Using life-table analysis, 
the investigators found that in this parous population, 
the overall risk of developing nephropathy was 44% 
after 27 years of diabetes, and the risk of progressing to 
ESRD was 30% after 10 years of overt DN.

In a large cross-sectional study [23], 776 nulliparous 
and 582 parous women with type 1 DN were examined and 
found that glycemic control was better in parous women; 
also, that age- and duration-adjusted prevalence of micro-
albuminuria were similar in parous and nulliparous 
women, but macroalbuminuria was lower in parous women 
(6% vs 10%, P < 0.0001). Ultimately, equivalent levels of 
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microalbuminuria and background retinopathy in parous 
and nulliparous women suggest that pregnancy may not 
exacerbate these early complications.

In the EURODIAB PCS [20], results showed that 
hemoglobin A1c was a significant risk factor for progres-
sion to microalbuminuria, but age, duration of diabetes, 
systolic blood pressure, or giving birth were not; also, that 
giving birth was not significantly related to the incidence 
of neuropathy. This is in accordance with the findings of 
the DCCT, which showed that having a first or another 
pregnancy is not a risk factor for long-term progression of 
microvascular complication.

Taken together, most of the studies on DN during 
pregnancy suggest that pregnancy is not associated with 
development of nephropathy or with accelerated progres-
sion of pre-existing nephropathy. Although the incidences 
of worsened hypertension, superimposed preeclampsia, pre-
term birth, and intrauterine growth restriction are all high, 
live births are the norm and renal functional loss is seldom 
accelerated in women whose baseline serum creatinine is 
less than 1.4 mg/dL [50]. This similarity in satisfactory 
outcomes has recently been supported by a report com-
paring outcomes in women with DN, nondiabetic renal 
primary renal disease, and renal allograft recipients, 
all with well-preserved renal function; in these women, 
hypertension was the best predictor of adverse outcomes 
during pregnancy [51]. By contrast, several series of women 
with more severe renal insufficiency have demonstrated 
that approximately 30% to 40% will suffer irreversible 
acceleration of renal insufficiency during pregnancy, with 
many of these women progressing rapidly to ESRD [52–54]; 
further elevations of baseline serum creatinine (> 2.5 or  
2.8 mg/dL) or uncontrolled hypertension each predict 
poorer renal and pregnancy outcomes [54].

Diabetic Neuropathy
Diabetic neuropathy may be focal or diffuse, and affect 
sensory, motor, or autonomic neuropathy. Approximately 
50% of patients with diabetes have some form of neu- 
ropathy, with or without symptoms [19], with increasing 
prevalence, along with extended duration of diabetes, age, 
and poor glycemic control.

Pregnancy and diabetic neuropathy  
Pregnancy effects in neuropathy have been studied less 
than other microvascular complications. There may be 
a short-term increase in the incidence of polyneuropathy 
due to pregnancy [21], but without long-term increases in 
its incidence or progression.

Chaturvedi et al. [21], in a cross-sectional study com-
paring 776 nulliparous and 582 parous women with type 1 
DM, found that autonomic neuropathy was significantly less 
prevalent in parous than in nulliparous women. However, 
the parous women might have been lower risk at baseline. 
In a subsequent prospective study, these same authors 

found no increase in the incidence of diabetic neuropathy 
following pregnancy in the EURODIAB prospective cohort 
[20••]. The presence of gastroparesis is particularly relevant 
to pregnancy in that, with the hyperemesis of pregnancy, it 
could exacerbate nausea and vomiting, leading to irregular 
absorption of nutrients, inadequate nutrition, and aberrant 
glucose control. Rosenn et al. [24] observed exacerbations 
of autonomic neuropathy in association with hypertension 
in pregnancy. By contrast, some have noticed transient 
improvement in symptoms during pregnancy. Overall, it 
seems that pregnancy does not alter the natural course of 
diabetic autonomic neuropathy [25].

Coronary artery disease
CAD prevalence is extremely high (> 50%) in patients with 
diabetes, especially type 2, compared with the general 
population (~ 2% to 4%) [17]. Effects have been linked 
to hyperglycemia and especially to insulin resistance and 
“metabolic syndrome” [16].

Pregnancy and coronary artery disease
Despite the increased risk, diabetic pregnant women are 
relatively young and unlikely to suffer advanced CAD or 
myocardial infarction (MI) [45,55]. There have been 20 
cases reported between 1953 and 1998 of mothers with 
diabetes who suffered an MI or ischemic cardiac event 
before, during, or shortly after pregnancy [38]. Among the 
13 women whose event occurred during pregnancy or in 
the puerperium, seven mothers and seven infants died. Of 
the seven women whose myocardial event occurred prior to 
pregnancy, all of the mothers and infants survived. The dif-
ference in outcome between women who had an MI prior 
to pregnancy, and those who had an MI during pregnancy 
or the puerperium, may reflect the grave consequences of 
having an MI during pregnancy, but might also reflect a 
selection bias, in that this group of women with prior MI 
may have had minimal or no residual cardiac dysfunction 
after an MI and might represent the group that was less 
emphatically discouraged from conceiving or from carrying 
on with a pregnancy.

Historically, women with prior heart disease have 
been at considerable risk of maternal death during 
pregnancy. Prior to 1980, the overall maternal mortality 
rate was 70% (7 out of 10 women); whereas among cases 
reported after 1980, the mortality rate has dropped  
to 0 (0 out of 10) [38]. This may reflect improved care, 
heightened awareness of the risks associated with these 
pregnancies, better counseling for women with diabetic 
CAD, or reporting bias of unexpectedly successful out-
comes despite pre-existing CAD.

Conclusions
Many women with diabetes develop complications, which 
may have a tremendous impact on their quality of life 
and their ultimate prognosis. Because type 1 diabetes 
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often begins at a very early age, it is quite common for 
women in their childbearing age to be affected by these 
complications. As described in this review, diabetic 
vascular complications and pregnancy may significantly 
affect each other, but it is not always easy to predict the 
course of either and to counsel these patients accordingly. 
Nevertheless, it appears that only in rare occasions or 
with more advanced disease should women with diabetes 
be advised against pregnancy, and that in most situations, 
with careful and knowledgeable management, starting 
prior to conception, a favorable outcome can be expected 
both for the mother and her infant.

In summary, even though perinatal mortality of infants 
born to mothers with DM has decreased remarkably and 
now approaches that of the general population, these infants 
still face a multitude of potential complications, both in utero 
and postnatally, many of which are related to poor maternal 
glycemic control. Thus, the key to an improved pregnancy 
outcome lies in preconceptional counseling and specialized 
prenatal and postnatal care, as well as a commitment on 
the part of the mother to adhere to a regimen of meticulous 
glycemic control.

References and Recommended Reading
Papers of particular interest, published recently,  
have been highlighted as:
• Of importance
•• Of major importance

1. Brownlee M: The pathobiology of diabetic complications: 
a unifying mechanism. Diabetes 2005, 54:1615–1625.

2. American Diabetes Association: Standards of medical care 
in diabetes. Diabetes Care 2004, 27(suppl 1):S15–S35.

3. Pregnancy outcomes in the diabetes control and complications 
trial. The Diabetes Control and Complication Trial Research 
Group [no authors listed]. Am J Obstet Gynecol 1996, 
174:1343–1353.

4. Rosenn B, Miodovnik M: Medical complications of diabetes 
mellitus in pregnancy. Clin Obstet Gynecol 2000, 43:17–31.

5. Elman KD, Welch RA, Frank RN, et al.: Diabetic retinopathy 
in pregnancy: a review. Obstet Gynecol 1990, 75:119–127.

6. Phelps RL, Sakol P, Metzger BE, et al.: Changes in diabetic 
retinopathy during pregnancy: correlations with regulation 
of hyperglycemia. Arch Ophthalmol 1986, 104:1806–1810.

7. Axer-Siegel R, Hod M, Fink-Cohen A, et al.: Diabetic 
retinopathy during pregnancy. Ophthalmology 1996, 
103:1815–1819.

8. Effect of pregnancy on microvascular complications in the 
diabetes control and complications trial. The Diabetes Control 
and Complications Trial Research Group [no authors listed]. 
Diabetes Care 2000, 23:1084–1091.

9. Johnston GP: Pregnancy and diabetic retinopathy. Am J 
Ophthalmol 1980, 90:519–524.

10. Moloney JB, Drury MI: The effect of pregnancy on the 
natural course of diabetic retinopathy. Am J Ophthalmol 
1982, 93:745–756.

11. Klein BEK, Moss SE, Klein R: Effect of pregnancy on progres-
sion of diabetic retinopathy. Diabetes Care 1990, 13:34–40.

12. Chew EY, Rand L, Mills JL, et al.: Metabolic control 
and progression of retinopathy: the Diabetes in Early 
Pregnancy Study: National Institute of Child Health and 
Human Development Diabetes in Early Pregnancy Study. 
Diabetes Care 1993, 18:631–637.

13. Horvat M, Maclean H, Goldberg L, Crock GW: Diabetic 
retinopathy in pregnancy: a 12-year prospective survey. 
Br J Ophthalmol 1980, 64:398–403.

14. Lovestam-Adrian M, Agardh CD, Aberg A, Agardh E: 
Pre-eclampsia is a potent risk factor for deterioration of 
retinopathy during pregnancy in type 1 diabetic patients. 
Diabet Med 1997, 14:1059–1065.

15. Lapolla A, Cardone C, Negrin P, et al.: Pregnancy does not 
induce or worsen retinal or peripheral nerve dysfunction in 
insulin-dependent diabetic women. J Diabetes Complications 
1998, 12:74–80.

16. DeFronzo RA, Ferrannini E: Insulin resistance: a multifaceted 
syndrome responsible for NIDDM, obesity, hypertension, 
dyslipidemia, and atherosclerotic cardiovascular disease. 
Diabetes Care 1991, 14:173–194.

17. Zimmerman R: Microvascular complications of diabetes. 
In The Cleveland Clinic Disease Management Project. 
The Cleveland Clinic Foundation; 2005. http://www.
clevelandclinicmeded.com/diseasemanagement/endocrinol-
ogy/microvascular/microvascular.htm.

18. National Institutes of Health (NIH): Diabetic Neuropathies: 
The Nerve Damage of Diabetes [May 2002]. National 
Institute of Diabetes and Digestive and Kidney Diseases 
(NIH Publication No. 02-3185). http://diabetes.niddk.nih.
gov/dm/pubs/neuropathies.

19. Johnston GP: Pregnancy and diabetic retinopathy. Am J 
Ophthalmol 1980, 90:519–524.

20.•• Verier-Mine O, Chaturvedi N, Webb D, et al.: Is pregnancy 
a risk factor for microvascular complications? The EURO-
DIAB Prospective Complications Study. Diabet Med 2005, 
22:1503–1509.

This paper looks at the long-term influences of pregnancy on the devel-
opment and progression of microvascular complications in type 1 DM. 
In accordance with the findings of the DCCT, results of this study 
show that having a first or second pregnancy does not increase the risk 
for long-term progression of any microvascular complication.
21. Chaturvedi N, Stephenson JM, Fuller JH: The relationship 

between pregnancy and long-term maternal complications 
in the EURODIAB IDDM Complications Study. Diabet Med 
1995, 12:494–499.

22. Rosenn BM, Miodovnik M: Pregnancy and complications 
of diabetes mellitus: maternal and fetal complications, 
edn 2. In Diabetes Mellitus: A Fundamental and Clinical 
Text. Edited by Leroith DL, et al.: Philadelphia, PA: 
Lippincott, Williams, and Wilkins; 2000:865–866.

23. Hemachandra A, Ellis D, Lloyd CE, et al.: The influence of 
pregnancy on IDDM complications. Diabetes Care 1995, 
18:950–954.

24. Rosenn B, Miodovnik M, Kranias G, et al.: Progression 
of diabetic retinopathy in pregnancy: association with 
hypertension in pregnancy. Am J Obstet Gynecol 1992, 
166:1214–1218.

25. Alvarsson ML, Grill VE: Effect of long-term glycemic control 
on the onset of retinopathy in IDDM subjects: a longitudinal 
and retrospective study. Diabetes Res 1989, 10:75–80.

26. Klein R, Klein BEK, Moss SE, et al.: Glycosylated hemoglobin 
predicts the incidence and progression of diabetic retinopathy. 
JAMA 1988, 260:2864–2871.

27. American College of Obstetricians and Gynecologists: 
Diabetes and Pregnancy. ACOG technical bulletin no. 200. 
Washington, DC: American College of Obstetricians and 
Gynecologists; 1994.

28. Brinchmann-Hansen O, Dahl-Jorgensen K, Sandvik L, 
et al.: Blood glucose concentrations and progression of 
diabetic retinopathy: the seven year results of the Oslo 
Study. BMJ 1992, 304:19–22.

29. Reichard P, Britz A, Carlsson P, et al.: Metabolic control and 
complications over 3 years in patients with insulin dependent 
diabetes (IDDM): the Stockholm Diabetes Intervention Study 
(SDIS). J Intern Med 1990, 228:511–517.

30. Blood glucose control and the evolution of diabetic retino-
pathy and albuminuria. Kroc Collaborative Study Group  
[no authors listed]. N Engl J Med 1984, 311:365–372.



296 Diabetes and Pregnancy

31. The effect of intensive treatment of diabetes on the devel-
opment and progression of long-term complications in 
insulin-dependent diabetes mellitus. The Diabetes Control 
and Complications Trial Research Group [no authors listed]. 
N Engl J Med 1993, 329:977–986.

32. Dahl-Jorgensen K, Brinchmann-Hansen O, Hanssen KF, 
et al.: Rapid tightening of blood glucose leads to transient 
deterioration of retinopathy in insulin-dependent diabetes 
mellitus: the Oslo Study. BMJ 1985, 290:811–815.

33. Sevin R: The correlation between human growth hormone 
(HGH) concentration in blood plasma and the evolution of 
diabetic retinopathy. Ophthalmologica 1972, 165:71–77.

34. Arner P, Sjoberg S, Gjotterberg M, et al.: Circulating insulin-
like growth factor I in type 1 (insulin-dependent) diabetic 
patients with retinopathy. Diabetologia 1989, 32:753–758.

35. Hyer SL, Sharp PS, Sleightholm M, et al.: Progression of 
diabetic retinopathy and changes in serum insulin-like 
growth factor I (IGFI) during continuous subcutaneous 
insulin infusion (CSII). Horm Metab Res 1989, 21:18–22.

36. Hill CR, Kissun RD, Garner A: Angiogenic factor in vitreous 
from diabetic retinopathy. Experientia 1983, 39:583–585.

37. Presta M, Mignatti P, Mullins DE, et al.: Human placental 
tissue stimulates bovine capillary endothelial cell growth, 
migration and protease production. Biosci Rep 1985, 
5:783–790.

38. Hill DJ, Flvbjerg, A, Arany E, et al.: Increased levels of 
serum fibroblast growth factor-2 in diabetic pregnant 
women with retinopathy. J Clin Endocrinol Metab 1997, 
82:1452–1457.

39. Cousins L: Pregnancy complications among diabetic women: 
review 1965-1985. Obstet Gynecol Surv 1987, 42:140–149.

40. Kitzmiller JL, Brown ER, Phillippe M, et al.: Diabetic 
nephropathy and perinatal outcome. Am J Obstet Gynecol 
1981, 141:741–751.

41.• Loukovaara S, Immonen I, Teramo KA, et al.: Progres-
sion of retinopathy during pregnancy in type 1 diabetic 
women treated with insulin lispro. Diabetes Care 2003, 
26:1193–1198.

This study concluded that insulin lispro seems to improve glycemic 
control throughout pregnancy in women with type 1 DM better 
than regular insulin with no adverse impact on progression of DR.
42. Mogensen CE, Christensen CK, Vittinghus E: The stages in 

diabetic renal disease. With emphasis on the stage of incipient 
diabetic nephropathy. Diabetes 1983, 32(suppl 2):64–78.

43. Andersen AR, Christiansen JS, Andersen JK, et al.: Diabetic 
nephropathy in type 1(insulin-dependent) diabetes: an 
epidemiological study. Diabetologia 1983, 25:459–501.

44. Krolewski AS, Warram JH, Christlieh AR, et al.: The 
changing natural history of nephropathy in type 1 diabetes. 
Am J Med 1985, 78:785–794.

45. Burrows RF, Burrows EA: Assessing the teratogenic 
potential of angiotensin-converting enzyme inhibitors in 
pregnancy. Aust N Z J Obstet Gynaecol 1998, 38:306–311.

46. Podymow T, August P, Umans JG: Antihypertensive therapy 
in pregnancy. Semin Nephrol 2004, 24:616–625.

47. Lip GY, Churchill D, Beevers M, et al.: Angiotensin 
converting enzyme inhibitors in early pregnancy.  
Lancet 1997, 350:1446–1447.

48. Lindheimer MD, Katz AI: Gestation in women with kidney 
disease: prognosis and management. Baillieres Clin Obstet 
Gynaecol 1994, 8:387–404.

49. Miodovnik M, Rosenn BM, Khoury JC, et al.: Does 
pregnancy increase the risk for development and progres-
sion of diabetic nephropathy? Am J Obstet Gynecol 1996, 
174:1180–1191.

50. Bar J, Ben-Rafael Z, Padoa A, et al.: Prediction of pregnancy 
outcome in subgroups of women with renal disease.  
Clin Nephrol 2000, 53:437–444.

51. Jungers P, Chauveau D, Choukroun G, et al.: Pregnancy in 
women with impaired renal function. Clin Nephrol 1997, 
47:281–288.

52. Jones DC, Hayslett JP: Outcome of pregnancy in women 
with moderate or severe renal insufficiency. N Engl J Med 
1996, 335:226–232.

53. Trevisan G, Ramos JG, Martins-Costa S, Barros EJ: 
Pregnancy in patients with chronic renal insufficiency at 
Hospital de Clinicas of Porto Alegre, Brazil. Ren Fail 2004, 
26:29–34.

54. Davison JM: Renal disorders in pregnancy. Curr Opin 
Obstet Gynecol 2001, 13:109–114. 

55. Gordon MC, Landon MB, Boyle J, et al.: Coronary artery 
disease in insulin-dependent diabetes mellitus of pregnancy 
(class H): a review of the literature. Department of Obstetrics 
and Gynecology, Ohio State University, College of Medicine, 
Columbus, Ohio 43210-1228, USA. Obstet Gynecol Surv 
1996, 51:437–444.


