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ABSTRACT 
Insulin resistance syndrome predisposes to occlusive vascular dis- 

orders in nonpregnant subjects. Because preeclampsia, representing 
a pregnancy-specific occlusive vascular disorder, is known to be ac- 
companied by metabolic changes similar to those in insulin resistance 
syndrome, we compared carbohydrate and lipid metabolism in 22 
women who had had a preeclamptic first pregnancy and in 22 control 
women who had had normotensive first pregnancy, both, on the av- 
erage, 17.0 ? 0.7 yr earlier. The study groups were comparable in 
regard to body mass index at the follow-up study. Women with prior 
preeclampsia were normoglycemic (baseline, 3 h oral glucose toler- 
ance), but showed a significant hyperinsulinemia, as seen from ele- 
vated immunoreactive insulin (IRI) levels at the baseline (mean 2 SE, 

7.3 + 0.6 us. 5.5 2 0.5 mu/L, P < 0.03), after 1 h (45.7 Z? 5.5 us. 35.6 
? 3.5 mu/L; P = 0.13), after 2 h (32.4 ? 4.1 us. 23.8 t 2.3 mu/L; P = 
0.08),andafter3h(lO.l 2 1.4~s. 6.4 2 0.6mU/L;P = 0.02)Thearea 
under the IRI curve was larger in the women with prior preeclampsia 
(86.8 ? 9.1 vs. 65.4 t 5.2 mU/hL; P = 0.05). The serum levels of total 
cholesterol, high density lipoprotein (HDL) cholesterol (with its sub- 
fractions HDL, and HDL,), low density lipoprotein cholesterol, tri- 
glyceride, or uric acid did not differ significantly between the study 
groups. In women with prior preeclampsia, the area under the IRI 
curve was negatively related to HDL, cholesterol, but positively re- 
lated to triglyceride and systolic blood pressure. We conclude that a 
history of preeclampsia is associated with mild hyperinsulinemia in 
nonpregnant women. (J Clin Endocrinol Metab 81: 2908-2911,1996) 

E HAVE RECENTLY demonstrated that women with 
preeclampsia and pregnancy-induced hypertension 

(PIH) display hyperinsulinemia, hypertriglyceridemia, and 
low high density lipoprotein (HDL) cholesterol (1). These 
women appear to have a form of insulin resistance syndrome 
(2-4) in the absence of recognized gestational diabetes. We 
reasoned that if the features of the insulin resistance syn- 
drome were only transiently related to pregnancy, they 
would be absent years later. Conversely, persistence of these 
features would suggest that a more causal link between 
preeclampsia and insulin resistance syndrome could exist. 
To determine whether this association persisted, we com- 
pared carbohydrate metabolism and lipid profiles in women 
who had had preeclampsia many years earlier to those who 
had not to better understand the long term natural history of 
this disorder of pregnancy. 

Subjects and Methods 

With the permission of the local ethics committee, we studied 22 
women who had given birth to a first child between 1976 to 1978 (Table 
1). All women had been healthy before their first pregnancy, but 20 
developed preeclampsia during their 32-38 weeks of pregnancy (blood 
pressure constantly >160/110 mm Hg; proteinuria, >0.3 g/24 h) (5). An 
additional woman experienced eclamptic seizures at 29 weeks, and 1 at 
41 weeks. All preeclamptic/eclamptic women delivered healthy babies 
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at 29-41 weeks vaginally (n = 6) or abdominally (n = 16). Six weeks 
postpartum, each woman was normotensive (blood pressure <125/80 
mm Hg), and no protein was excreted into the urine. These women 
formed the preeclamptic group. For each patient we selected an age- 
matched control woman who had given birth to a first child at the same 
time (23-4 months) after an entirely normotensive pregnancy at the 
same hospital (Table 1). 

Protocol 

The study subjects were first interviewed by telephone. Then, the 
patient and her control were invited to the research center during the 
same phase of their menstrual cycles. The cycle phase could not be taken 
into account in nine women, because six had been hysterectomized (four 
patients and two controls) and three (two patients and one control) did 
not menstruate due to the use of a levonorgestrel-releasing intrauterine 
device (IUD; Levonova, Leiras, Finland). In addition two women (one 
patient and one control) received estrogen-progestin replacement ther- 
apy [per woman transdermal estrogen (50 pg/24 h) plus a lo-day course 
of medroxyprogesterone acetate (10 mg/day), per woman oral estradiol 
valerate (2 mg/day), plus a IO-day course of medroxyprogesterone 
acetate (10 mg/day)], and one woman in the control group used lyn- 
estrenol (0.5 mg daily) for progestin-only contraception. The women 
came to the research center at 0800 h after an overnight fast. After the 
physical examination (height, weight, and blood pressure measure- 
ments), blood was drawn for measurement of uric acid, lipids, baseline 
blood glucose, and serum immunoreactive insulin (IRI) concentrations. 
Thereafter, a 3-h oral glucose tolerance test (75.0 g glucose) was started. 

Laboratory methods 

Whole blood glucose was measured with the enzymatic-amperomet- 
ric method (ESAT 6660 analyzer, Eppendorf-Nelheler-Hinz, Hamburg, 
Germany), whereas sera for IRI assessment were stored frozen (-20 C) 
until assayed in the same batch of the assay by RIA (Phadeseph Insulin 
RIA kit, Kabi Fharmacia, Uppsala, Sweden). The antibody assay shows 
less than 0.18% cross-reactivity with C peptide, but 41% cross-reactivity 
with human proinsulin. Basal sera were assayed for uric acid with 
enzymatic calorimetric test (6) and for cholesterol using an enzymatic 
method with a commercial kit (Boehringer Mannheim, Mannheim, Ger- 
many) (7). HDL cholesterol was measured after precipitation of very low 
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TABLE 1. Characteristics of study population 

Women with prior 
preeclampsia or eclampsia 

(n = 22) 

Control women 
(n = 22) 

In association with first pregnancy 
Age (yr) 
Prepregnancy body mass index (kg/ma) 
Gestational week at delivery 
Type of delivery 

Vaginal 
Cesarean section 

Infants birth wt (g) 
At reexamination 

Age (yr) 
Yr since delivery 
Subsequent full-term pregnancies/women 
Body mass index (kg/m? 
Change in body mass index 

since prepregnancy state (kg/ma) 
Smoking 
Systolic blood pressure (mm Hg) 
Diastolic blood (mm Hg) pressure 

24.8 2 0.9 25.0 k 0.9 NS 
20.7 -t 0.6 19.4 i 0.3 NS 
36.2 z 0.5 40.1 k 0.4 0.0001 

0.0001 
6 21 

16 1 
2191 -t 117 3503 i 74 0.0001 

41.8 k 0.9 41.8 2 0.9 NS 
16.9 2 0.1 17.0 ? 0.1 NS 

21115 27119 NS 
23.3 i 0.8 21.9 i 0.4 NS 

2.3 k 0.7 2.3 -i 0.4 NS 

3 5 NS 
127 ? 3 116 -+ 2 0.004 

82 -t 2 75 2 1 0.01 

Values are the mean Ifr SE. 

density lipoprotein and low density lipoprotein (LDL) with heparin and 
manganese chloride (8). Separation of the HDL subfractions was ac- 
complished by adding dextran sulfate to the plasma supernatant to 
precipitate HDL, and HDL, (9). LDL cholesterol was calculated accord- 
ing to the Friedewald formula (10). The triglyceride concentrations were 
analyzed enzymatically (11). 

Statistical analyses 

The areas under the IRI and glucose curves (AUCs) were calculated 
according to the method described by Matthews et al. (12). Data are 
expressed as the mean 2 SE and compared with the Statview II program 
(Abacus Concepts, Berkeley, CA) by unpaired Student’s t test and con- 
tingency table analysis for classified data. As serum triglyceride levels 
showed skewed distributions, statistical analyses of these data were 
carried out after logarithmic transformation. Linear and multiple re- 
gression analyses were used to assess the relationship between meta- 
bolic parameters. 

Results 

With the exception of preeclampsia (or eclampsia in two 
women), the study groups were comparable at the time of the 
first pregnancy. Preeclamptic women gave birth to lighter 
infants and were delivered more often by cesarean section 
than did the control women (Table 1). 

On the average, the women were restudied 17.0 ? 0.7 yr 
after their first pregnancy (Table 1). In the meantime, 15 
women in the patient group had given birth to 21 infants. Of 
the second pregnancies (n = 15), 5 (33%) had been compli- 
cated by preeclampsia, and 4 (27%) by PIH. In their third 
pregnancies (n = 4), 2 developed preeclampsia, and in their 
fourth pregnancies (n = 2), 1 was hypertensive. In the control 
group, 19 women had given birth 27 times, and none had 
developed preeclampsia or PIH. 

At reexamination, the two groups were comparable with 
regard to body mass index (BMI) and any change in it since 
the first pregnancy, but both mean systolic and diastolic 
blood pressures were higher in the preeclamptic women than 
those in the control group (Table 1). Two women in the 
preeclamptic group were hypertensive (blood pressure 155/ 

100 and 150/100 mm Hg, respectively), but took no antihy- 
pertensive medication. 

Blood glucose in the two groups at baseline and during the 
oral glucose tolerance test were comparable (Fig. 1). In the 
preeclamptic group, two women showed elevated 2-h glu- 
cose (8.6 and 7.8 mmol/L, respectively). IRI levels in the 
preeclamptic group were elevated at baseline (7.3 + 0.6 VS. 
5.5 -C 0.5 mu/L; P = 0.03), 1 h (45.7 VS. 35.6 mu/L; P = 0.13), 
2 h (32.4 t 4.1 VS. 23.8 t 2.3 mu/L; P = 0.08), and 3 h (10.1 
2 1.4 VS. 6.4 ? 0.6 mU/ L; P = 0.02; Fig. 1). The AUC for IRI 
was larger in the preeclamptic women than in the control 
group (86.8 ? 9.1 ZK 65.4 + 5.2 mU/h*L; P = 0.05), whereas 
the AUCs for glucose were similar in the two groups (18.2 2 
0.6 VS. 17.6 2 0.4 mmol/h*L). The elevated basal IRI levels in 
the preeclamptic group did not change even when IRI was 
adjusted for BMI. 

Total cholesterol, LDL and HDL cholesterol, triglyceride, 
and uric acid concentrations did not differ significantly be- 
tween the two groups (Table 2). 

In the preeclamptic group, fasting IRI correlated posi- 
tively with serum triglyceride (r = 0.59; P < O.Ol), BMI (r = 
0.54; P < O.Ol), and systolic (r = 0.69; P < 0.001) and 
diastolic (r = 0.47; P < 0.05) blood pressures. All of these 
correlations remained significant even when analyzed in 
a multiple regression model. The AUC for IRI in the pre- 
eclamptic group correlated positively with serum triglyc- 
eride (r = 0.57; P < O.Ol), BMI (r = 0.49; P < 0.05), and 
systolic blood pressure (r = 0.53; P < 0.05) and negatively 
with HDL, cholesterol (r = -0.48; P < 0.05). The AUC for 
IRI did not differ between those who had developed pre- 
eclampsia or hypertension in subsequent pregnancies and 
those who had not. 

Hysterectomized women (n = 6) or women using a 
levonorgestrel-releasing IUD (n = 3), hormone replacement 
therapy (n = 2), or progestin-only contraception (n = 1) 
showed glucose, insulin, and lipid values within the range of 
the other women’s values. In addition, when these women 
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FIG. 1. Blood glucose and serum IRI (mean, SE) before and after 
intake of 75.0 g glucose in women with a history of preeclampsia or 
eclampsia (0) and in control women (0). 

were excluded from the statistical analysis, the differences 
between the two groups did not change. 

Discussion 

We assessed the levels of IRI by RIA, using an antibody 
that cross-reacts with proinsulin. Therefore, it is theoretically 
possible that the elevated IRI levels in our study could also 
have reflected increased proinsulin levels. Both hyperinsu- 
linemia and disproportionately increased proinsulin levels 
are reportedly associated with the insulin resistance syn- 
drome (13). For the sake of brevity, we employ the common 
use of the term hyperinsulinemia in the text, although ele- 

vation of proinsulin levels cannot be excluded with the RIA 
method used by us and others (14, 15). 

Our study showed that women were characterized by 
significantly elevated IRI levels but normoglycemia 17 yr 
after preeclamptic first pregnancy. These concomitant 
changes strongly imply that these patients have insulin re- 
sistance. This did not change even when IRI was adjusted for 
BMI, which is a significant determinant of the circulating 
insulin level (16-19). The elevated IRI levels were not ex- 
plained by the potential confounding variables, such as men- 
strual cycle phase, hormonal contraception, or hormonal re- 
placement therapy, because patients and controls were 
comparable in these regards. Moreover, no measurable 
changes in glucose-IRI or lipid balance were caused by the 
cycle phase (20-22), hormone-releasing IUD (23), progestin- 
only contraception (24), or hormonal replacement therapy in 
menopausal women (25-27). This was also found in our data, 
as hysterectomized women or women using exogenous hor- 
mones had glucose, IRI, and lipid values that fell within the 
range of the same variables in the other subjects. Although 
basal IRI concentrations or the IRI AUC are reasonable in- 
dicators of insulin resistance (15), insulin resistance could be 
more rigorously quantified by employing the euglycemic 
hyperinsulinemic clamp technique (28). 

In the preeclamptic group, the magnitude of hyperin- 
sulinemia (and thus, perhaps, insulin resistance) corre- 
lated negatively with HDL cholesterol, but positively with 
triglyceride and systolic and diastolic blood pressures. 
These relationships are typical of the insulin resistance 
syndrome (2-4). We do not know whether hyperinsuhn- 
emia in our patients is a consequence of previous pre- 
eclampsia or is an inherited feature, but the observation 
that the metabolic features in hypertensive pregnancies 
are similar to those in the insulin resistance syndrome 
supports the latter supposition (1). We can further spec- 
ulate that hyperinsulinemia would be more aggravated if 
our study subjects could be studied between 50-60 yr of 
age. The etiology of preeclampsia is unknown, and our 
data may suggest that insulin resistance could be a factor 
in it. If this were true, preeclampsia should probably have 
reoccurred in subsequent pregnancies. Our data lend some 
support to this speculation; 9 of 15 women (60%) in the 
patient group were preeclamptic or hypertensive during 
their second pregnancies, in contrast to none in the control 
group. Yet, large series of patients must be studied before 
our data on hyperinsulinemia can be used in the treatment 
or follow-up of these patients. 

The impact of prior preeclampsia on the future risk of 
hypertension is controversial (29-33). Most researchers 
agree that acute true preeclampsia does not predispose to 
subsequent hypertension (30-32), whereas the others, who 
had followed preeclamptic subjects as long as we did, 
found elevated blood pressure lo-20 yr after preeclampsia 
(29, 33). Our study subjects with an acute preeclamptic 
first pregnancy had a higher mean blood pressure than our 
control subjects, although only two of the patients were 
actually hypertensive. It was also noteworthy that systolic 
and diastolic blood pressures and the levels of fasting IRI 
correlated closely in the preeclamptic group, suggesting 
an association between IRI and blood pressure in women 
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TABLE 2. Serum concentrations of total cholesterol and its subfractions, triglyceride, and uric acid in women with and without a history 
of preeclampsia 

Total cholesterol (mmol/L) 
HDL cholesterol (mmol/L) 
HDL, cholesterol (mmol/L) 
HDL, cholesterol (mmoVL) 
LDL cholesterol (mmol/L) 
Triglycerides (mmol/L) 
Uric acid (pmol/L) 

Values are the mean -t SE. 

Women with prior preeclampsia or eclampsia 
(n = 22) 

5.24 2 0.14 
1.85 -c 0.08 
0.66 2 0.05 
1.19 2 0.05 
3.01 * 0.12 
0.86 t- 0.05 
275 L 12 

Control women (n = 22) P value 

4.98 -t 0.17 NS 
1.76 2 0.08 NS 
0.65 ? 0.05 NS 
1.10 2 0.05 NS 
2.87 t 0.16 NS 
0.79 t- 0.06 NS 
260 2 11 NS 

with a preeclamptic first pregnancy. Perhaps mild hyper- 
insulinemia, as seen in our study, may contribute to the 
increased risk of ischemic heart disease between 45-90 yr 
of life in these women (34). 
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