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Insulin changes in preeclamptic women during pregnancy
Shohreh Malek-Khosravi, MD; Bijan Kaboudi, MD

BACKGROUND: The etiology of preeclampsia remains obscure. To study the role of 
insulin resistance in preeclampsia, we compared fasting insulin and glucose changes 
during the second and third trimesters in preeclamptic women with a normal control 
group.
PATIENTS AND METHODS: In a nested case-control study, subjects were selected 
from a population-based cohort of 674 pregnant women from whom serum was col­
lected for this study between the 20th and 24th week of gestation. For 16 women 
who developed preeclampsia (cases), 16 women who remained normotensive were 
selected as controls. Controls were matched with each case for pregestational body 
mass index, age, gestational age, and parity. Fasting glucose and insulin levels of 
the second trimester (20th to 24th weeks) of pregnancy were compared based on 
serological data. The comparisons were also carried out in the third trimester when 
preeclampsia occurred.
RESULTS: Fasting insulin levels increased from 15.3±1.3 plU/mL to 25.3±1.4 plU/mL 
between the second and third trimesters in the preeclamptic group (P<0.01) and from 
10.4±0.9 plU/mL to 16.2±1.3 plU/mL in the control group (P<0.01). There was no 
significant change in glucose levels during pregnancy in either group.

CONCLUSION: Women who develop preeclampsia have higher insulin levels before 
clinical evidence of disease than women who remain normotensive during pregnancy. 
The increase in insulin levels in the third trimester was greater in preeclamptic than in 
non-preedamptic women.
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Preeclampsia complicates 6 to 8% of all pregnan­
cies.1 Its etiology remains obscure.2 Although 
uteroplacental hypoperfusion caused by inad­
equate trophoblastic invasion of the spiral arteries 

is a feature of preeclampsia and may be pathogenic,2 ab­
normal placentation is also a feature of intrauterine growth 
retardation when it occurs without preeclampsia.3 This has 
led to the suggestion that maternal factors must interact 
with reduced placental perfusion to result in preeclampsia 
in some cases.2,4 During the last decade many studies have 
found a significant positive association between pregnancy 
induced hypertension and insulin resistance,5,6 but not all 
investigators agree with this conclusion.7-9 Some of these 
studies were cross-sectional and others were flawed due to 
failure to use proper methods, as well as insufficient ad­
dressing of confounders, and insufficient sample size.10 In 
addition there are reports of a higher prevalence of insulin 
resistance in Asia.11,12 According to our review of the litera­
ture, no study has examined changes in the fasting insulin 
of preeclamptic women during pregnancy between the 
second and third trimesters in comparison with uncom­
plicated pregnancies. The objective of this study was to 
determine such changes.

Patients and Methods
Subjects in this nested case-control study, conducted from 
October 1999 to March 2002, were selected from a popu­
lation-based cohort of 674 pregnant women attending 16 
family health centers in Kermanshah, Iran. Women with 
a history of overt or gestational diabetes mellitus, chronic 
hypertension, renal failure, ischemic heart disease, and hy­
perlipidemia were excluded at the first visit as were those 
who had a fasting blood sugar >95 mg/dL, a pre-pregnancy 
body mass index >25 kg/m2, and proteinuria or urinary 
tract infections during the earlier stages of the current preg­
nancy. Between 20 and 24 weeks of pregnancy, fasting blood 
samples were collected at 8 AM and after 10 hours of fasting. 
All women who enrolled in this study provided informed 
consent to obtain a blood sample. After centrifugation sera 
were stored at -30°C until further analysis. All women were 
followed to the end of pregnancy.

Preeclampsia was defined as new onset hypertension with 
blood pressure consistently> 140/90 mm Hg in previously 
normotensive women and new onset proteinuria (defined 
as >300 mg per 24 hours or >2+ by dipstick) occurring 
after the 20th week of gestation and that was observed 6 
hours apart on at least two occasions. During the follow
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up, if blood pressure was raised and 
an obstetrician confirmed a diagno­
sis of preeclampsia, the woman was 
selected as a case. A second blood 
sample was taken and stored. Sixteen 
preeclamptic women were selected as 
the case group. Once a preeclamptic 
case was determined, a normotensive 
woman of the same age and pre-preg­
nancy body mass index was selected 
from the same cohort of the pregnant 
woman. The control and case were 
also matched with regard to gesta­
tional age at the time of the second 
serum sample (when clinical mani­
festation of preeclampsia occurred in 
each case). Then a blood sample was 
taken and stored in the same way as 
in the case group. Blood pressure was 
measured according to the guidelines 
of Canadian Hypertension Society.13 
Glucose was measured using the

Table 1. Demographic characteristics of subjects.

Preeclamptic
(n=16)

Controls
(n=16) P value

Age (years) 24.6 ± 0.8 24.2 ± 0.6 NS (t test)

Body mass index (kg/m2) 24.2 ± 0.3 24.0 ± 0.2 NS

Gestational age (weeks) 33.2 ±0.9* 33.5 ±0.8 NS

Null parity (n, percent) 14(87%) 13 (81%) NS

Mean±SE; * Time of occurrence of preeclampsia in cases; time of selection in controls.

Table 2. Insulin and glucose levels in subjects.

Preeclamptic (n=16) Controls (n=16)

Glucose (mg/dL)

Weeks 20-24 83.7 ± 2.2 84.5 ± 1.9 .8 (t test)

Weeks 29-36 81.6 ± 1.5 80.1 ±2.0 .5

Insulin (pIU/mL)

Weeks 20-24 15.3 ± 1.3 10.4 ±0.9 .011

Weeks 29-36 25.3 ± 1.4 16.2 ± 1.3 .001

Mean±SE

glucose oxidase method and insulin was measured using 
radioimmunoassay (DRG Ins. GmbH, Germany).

In a two-way analysis of variance (group-time interac­
tion) of glucose and insulin levels, the case and control 
groups were analyzed as the between-subjects factor (group) 
and the first and second blood sampling time during preg­
nancy in each group was the within-subjects factor (time). 
To compare the increase in these biochemical parameters at 
the third trimester (second blood sampling) with the levels in 
the second trimester (first blood sampling between the 20th 
and 24th week of pregnancy), a paired two-sided Student t- 
test was used.14 Statistical analyses were performed with the 
SPSS Win9 (SPSS Inc., Chicago, IL) package. Results are 
expressed as mean±SD and were considered significant with
P< 0.05.
Results
The cases and controls were similar with respect to matched 
demographic factors (Table 1). Serum concentrations of 
fasting glucose and insulin by gestational age are presented 
in Table 2. Fasting glucose levels were similar in cases and 
controls both in the second and the third trimesters. The 
glucose level showed no significant changes in either the pre­
eclamptic women or the controls during pregnancy (7^0.5). 
The results of the two-way-ANOVA for insulin changes 
indicate there were significant within-group changes as well 
as between-group differences at the first and second blood 
sampling (Table 3 and 4). There were significant differences 
between the two groups in the first blood sampling (the 20th 
to 24th week of pregnancy) for fasting insulin levels (t=2.98, 
d.f.=30, /^O.Ol). The increase in insulin during pregnancy

was significant in both groups (P<0.01). The increase in 
insulin levels between the second and third trimester in 
the preeclamptic group was more than that in the controls 
(10± 1.5 pIU/mL vs. 5.8±1.4 pIU/mL, P<.03). In statistical 
terms, there was a group-time interaction (Table 3).
Discussion
We found no difference in serum glucose levels in the second 
trimester between women who later developed preeclampsia 
and those who remained normotensive. Other investiga­
tors have come up with the same results.1518 There were no 
changes in glucose levels in preeclamptic or normotensive 
women during pregnancy. According to our knowledge 
no study has previously compared fasting glucose changes 
between preeclamptic and normotensive women during 
pregnancy. Our results suggest that the fasting glucose levels 
in preeclamptic women are similar to those in uncomplicated 
pregnancies.

Our finding indicates that women who developed pre­
eclampsia had higher fasting insulin levels at the second 
trimester, before the appearance of clinical signs of pre­
eclampsia. This finding is supported by previous studies,16,17 
which were cross-sectional or did not determine changes in 
insulin levels before and after clinical manifestation of pre­
eclampsia. In contrast to our results, Grobman et al found 
no relationship between insulin levels at the second trimester 
and the subsequent development of preeclampsia.8 What is 
the explanation for these differences? In Grobmans study 
the interval between the last meal of the subjects and blood 
sampling was about 3 hours. Also, subjects belonged to dif­
ferent races, including white, black, and Hispanic. These
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Table 3. Within-subjects effects in analysis of variance test on serum insulin values.

Effect Value F P value

Insulin* Wilks lambda 0.28 76.3t <0.01

Insulin grouptt Wilks lamda 0.85 5.2 <0.03

*Within-subject factor 
tExact statistic
t+Refers to cases and controls

Table 4. Between-subjects comparison in analysis of variance test on serum insulin 
values.

Source df Mean square F P value

Intercept 1 18070.1 475.2 <0.01

Group 1 781.2 20.5 <0.01

Error 30 38.02 - -

used as a marker of insulin resistance.22 
Insulin resistance may lead to hyperten­
sion by changes in the levels of intra­
cellular cations, sympathetic nervous 
system overactivity and renal sodium 
retention.23 In addition, some studies 
have indicated that preeclamptic women 
have insulin resistance for months after 
delivery,24,25 which suggest a persistent 
maternal factor.

Significant increases in intracellular 
sodium have been observed in hyper­
tensive pregnant women compared with 
normotensive women. This can reduce 
the sodium/calcium exchange and result 
in rising intracellular calcium, which 
could produce an elevation of vascular

factors can result in considerable but statistically insignifi­
cant variance in insulin values. Cioffi et al reported that the 
connection between insulin levels and preeclampsia was 
confounded by obesity.18 In our study, the two groups had a 
similar pre-gestational body mass index.

Although there are some studies of the relationship be­
tween preeclampsia and insulin levels or insulin secretion 
in the third trimester,6,919 21 no study has compared insulin 
changes between preeclamptic and uncomplicated pregnant 
women during pregnancy. In our study, fasting insulin levels 
increased in both groups from the second to the third tri­
mester. Laakso reported that fasting insulin levels should be

smooth muscle tone and hence blood pressure.26 The marked 
reduction of Na-K ATPase activity in hypertensive pregnant 
women could explain the increase in intracellular sodium.27 
Insulin might induce activation of Na-K ATPase and cause 
vasorelaxation in normotensive pregnant women.28,29 We sug­
gest that the resistance of Na-K ATPase activity to insulin effects 
leads to an increase in intracellular calcium and finally ends in 
hypertension. To the best of our knowledge there are no stud­
ies related to this hypothesis, so we have this called the ionic 
insulin resistance model. However, our study does not allow 
us to comment on the predictive value of insulin levels for the 
development of preeclampsia in the second trimester.

References
1. Norwitz ER, Robinson JN, Repke JT. Prevention of pre- 
edampsia: is it possible? Clin Obstet Gynecol. 1999; 42: 
436-454.
2. Roberts JM. Endothelial dysfunction in preeclampsia. 
Semin Reprod Endocrinol. 1998;16:5-15.
3. Khong TY. Acute atherosis in pregnancies complicated by 
hypertension, small for gestational age infants* and diabetes 
mellitus Arch Pathol Lab Med. 1991; 115 722-725.
4. Ness RB, Roberts JM. Heterogeneous causes constituting 
the single syndrome of preedampsia: a hypothesis and its 
implications Am J Obstet Gynecol. 1996; 175:1365-1375.
5. Innes KE , Wimsatt JH. Pregnancy induced hypertension 
and insulin resistance: evidence for a connection. Acta Obstet 
Gynecol Scand. 1999; 78:263-284.
6. Malek Khosravi SH, Rahi H, Kaboudi B. Comparison of 
serum C peptide levels in females with hypertension during 
pregnancy and those witheout hypertension. J Med Coun 
Islamic Rep Iran. 2001 ;19:115-119.
7. Roberts RN, Traub AL, Kennedy AL, Hadden DR. 
Glycosylated haemoglobin and hypertension arising in preg­
nancy. Br J Obstet Gynaecol. 1998;105:1122-1124.
8. Grobman W A Kazer RR. Serum insulin, insulin like growth 
factor and insulin like growth factor binding protein-1 in wom­
en who develop preedampsia. Obstet Gynecol. 2001 ;97: 
521-526.
9. Roberts RN, Henriksen JE, Hadden DR. Insulin sensitivity in 
pre-edampsia. Br J Obstet Gynaecol. 1998;105:1095-1100.
10. Roberts JM. Preedampsia: is there value in assessing 
before dinical evident disease? Obstet Gynecol. 2001 ;98: 
596-599.

11. Hughes LO. Excess insulin secretion: a powerful new predic­
tor of myocardial infarction of particular importance in Asians 
(letters). Br Heart J .1990; 64:82.
12. Farooqi I, Beevers G,LipGY. Insulin resistance, high preva­
lence of diabetes and cardiovascular risk in immigrant Asians 
(Abstract). Br Heart J. 1995,73:584.
13. Montquin JM, Gamer PR, Burrows RF, Rey E, Helewa ME, 
Lange IR, Rabkin SW. Report of the Canadian Hypertension 
Sodety Consensus Conference: 2. Nonpharmacologic 
management and prevention of hypertensive disorders in 
pregnancy. CMAJ. 1997;157:715-725.
14. Hazard Munro B. Statistical methods for health care 
research. 4th ed. Philadelphia: Lippincotf 2001:283-302.
15. Innes KE, Wimsatt JH, Mcduffie R. Relative glucose 
tolerance and subsequent development of hypertension in 
pregnancy. Obstet Gynecol. 2001;97:905-910.
16. Solomon CG, Carroll JS, Okamura K, Graves SW, Seely 
EW. Higher cholesterol and insulin levels in pregnancy are 
associated with increased risk for pregnancy induced hyper­
tension. Am J Hypertens. 1999;12:276-282.
17. Sowers JR, Saleh AA, Skol RJ. Hyperinsulinemia and 
insulin resistance are associated with preedampsia in African 
Americans. Am J Hypertens. 1995;8:1 -4.
18. Cioffi FJ, Amorosa LF, Vintzileos AM, et al. Relationship 
of insulin resistance and hyperinsulinemia to blood pressure 
during pregnancy. J Matem Fetal Med. 1997;6:174-179.
19. Martinez Abundis E, Gonzalez Ortiz M, Quinones Galvan 
A  Ferrickannini E. Hyperinsulinemia in glucose tolerant wom­
en with preedampsia. A controlled study. Am J Hypertens 
1996;9(6):610-614.

20. Kaaja R, Tikkanen MJ, Viinikka L, Ylikorkala 0. Serum lipo­
proteins* insulin, and urinary prostanoid metabolites in normal 
and hypertensive women. Obstet Gynecol. 1995,8:353-356.
21. Lorentzen E, Bir Kelandk I, Endresen MJ, Henriksen T. 
Glucose intolerance in women with preedampsia. Acta 
Obstet Gynecol Scand. 1998;77:22-27.
22. Laakso M. How good a marker is insulin level for insulin 
resistance? Am J Epidemiol. 1993;137:959-965.
23. Kaplan NM. Clinical hypertension. 6th ed. Lippincott 
Williams and Wilkins 1994:90.
24. Kaaja R, Laivuori H, Laakso M, Tikkanen MJ, Ylikorkala 
0. Evidence of a state of increased insulin resistance in pre- 
edampsia. Metabolism. 1999;48:829-836.
25. Fuh MM, Yin CS* Pie D, Shev W H, Jeng C Y , Chen Yl and et 
al. Resistance to insulin mediated glucose uptake and hyperin­
sulinemia in women who had preedampsia during pregnancy. 
Am J Hypertens. 1995; 8:763-771.
26. Seon R, Forrester T. Relationship between leukocyte 
sodium content and high blood pressure during development 
and resolution of preedampsia. Clin Sci. 1989,76:199-203.
27. Tranquili AL, Mazzanti L, Bertoli E, Romannini C. Sodium/ 
potassium adenosine triphosphate on erythrocyte ghosts from 
pregnant women and its relationship to pregnancy induced 
hypertension. Obstet Gynecol. 1988,71:627-630.
28. Well E, Sasson S* and Gutman Y. Mechanism of insulin in­
duced activation of Na-K ATPase in isolated rat soleus muscle. 
Am J Physiol. 1991;261:C224-30.
29. Ang C, Hillier C, Mac Donald A  Cameron A  Greer I, Ann 
lumsden M. Insulin mediated vasorelaxiation in pregnancy. Br 
J Obstet Gynaecol. 2001 ;108:1088-1093.

Ann Saudi Med 24(6) November-December 2004 www.kfshrc.edu.sa/annals 436

http://www.kfshrc.edu.sa/annals

