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Women with preeclampsia, independent of obesity and glucose intolerance, exhibit insulin resistance during pregnancy. The
purpose of the present study is to determine whether early diagnosis of insulin resistance during pregnancy can predict
preeclampsia. Through a case-control study, 675 pregnant women were selected and their first trimester blood was taken. Their
fasting blood glucose and insulin were also measured after diagnosis of preeclampsia by 20 weeks of pregnancy. Based on the
experiments conducted on 675 women who were 20 weeks past their pregnancy, 375 cases with preeclampsia were selected and
assigned to the case group. 35 other pregnant women were put in the control group. Diagnosis criteria for the participants included
blood pressure above 140/90 and proteinuria above 300 mg or above +1. Both groups were matched according to age, parity,
gestational age, and BMI. Homa-Irand rate of insulin resistance was calculated by HOMA-IR and patients were followed up.
Homeostatic model assessments (HOMA-IR) revealed that the average insulin resistance increased during pregnancy among both
the case and control groups. There was a significant difference between insulin resistance of these two groups in both first trimester
and third trimester and after developing preeclampsia (P < 0.001, P = 0.021). Insulin-resistance of the group with preeclampsia was
higher in first trimester prior to diagnosis as well as the third trimester after diagnosis compared to natural pregnancy under similar
conditions. Measurement of insulin resistance in first trimester may be useful in predicting the risk of preeclampsia.

1. Introduction
Insulin is a hormone that facilitates the transport of glucose
from the bloodstream into cells. In response to increased
blood sugar after a meal, pancreas secretes insulin into the
bloodstream. When insulin resistance occurs, the normal
amount of secreted insulin is not sufficient in order to
deliver glucose into the cells. Pancreas subsequently increases
its production of insulin to deliver blood sugar into the
cells. Obesity and pregnancy are among the factors which
can create insulin resistance. For these conditions there
are theories that can explain etiology. Obesity is a cause

of insulin resistance in modern societies. Obesity is often
accompanied by an increase in fat cell size. This causes
changes in adipokines, including a reduction in adiponectin
and an increase in tumor necrosis factor alpha and free
fatty acids which increase insulin resistance [1] (Figure 1).
Many metabolic changes during pregnancy increase adipose
tissue and subsequently insulin resistance. Various placental
hormones, in addition, alter maternal physiology to supply
embryonic requirements. There is also a 30-fold increase in
human placental lactogen (hPL) which leads to the secretion
of insulin from pancreas [2]. Studies show that hPL plays
a role in insulin resistance [3]. 6-fold increase in human
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Table 1: Approval criteria for severe preeclampsia.

Monocyte
Hyperphagia and
lack of exercise

MCP-1
Infiltrated macrophage
(M1)

Resident macrophage (M2)
IL-10 ↑
Adiponectin ↓

Circulating
TNF𝛼↑
IL-6↑
MCP-1 ↑

Hypertrophied adipocytes

Normal adipocytes
(a) Lean state

Insulin resistance

Insulin-sensitive
tissues

(b) Obese state

Figure 1: Effect of obesity on insulin resistance.

Placental ischemia

↑ sFlt and sEng
↓ VEGF

↑ Angiotensin-1
receptor

↑ IL-6, and TNF𝛼
inflammation
T helper and B-cell
activation

↑ Endothelin-1
↓ Nitric oxide (NO)

Maternal HTN
Proteinuria, endothelial
dysfunction, and oxidative stress

Figure 2: The effect of angiogenic and antiangiogenic factors on
endothelial dysfunction.

chorionic growth hormone is another factor causing insulin
resistance [4].
Preeclampsia is a condition unique to human pregnancy occurring after the twentieth week of pregnancy.
Preeclampsia occurs in 2–8% of pregnancies [5, 6] and is
associated with maternal and fetal mortality. Preeclampsia is
defined as increased systolic blood pressure over 140 mmHg
and diastolic blood pressure over 90 mmHg associated with
proteinuria. Symptoms can be excessive edema of hands
and feet, weight gain over 2 pounds a week, epigastric
pain, severe nausea and vomiting, headaches, and vision and
brain problems. Preeclampsia risk factors include previous
history of preeclampsia, obesity, nulliparity, diabetes mellitus, age over 35 years at first pregnancy, and connective
tissue disorders [6]. According to most theories of etiology,
preeclampsia refers to maternal abnormal inflammatory
response to endothelial damage and hemodynamic instability. Preeclampsia is characterized by placental hypoxia
or ischemia, oxidative stress associated with endothelial
dysfunction. Recent studies have shown that endothelial
dysfunction is induced by antiangiogenic factors which are
themselves induced by other factors [6] (Figure 2).

Persistent hypertension over 160/110 mmHg
Thrombocytopenia (platelets less than 103 × 100 𝜇L)
Nephrotic proteinuria (5 g in 24 hr)
Hemolysis (based on analysis of peripheral blood or increased
bilirubin)
Resistant oliguria (less than 500 cc within 24 hours) (oliguria)
Liver dysfunction with an unknown cause
Renal failure (least criteria including increased serum creatinine
mg/dL 1 above the base rate)
Persistent headache
Persistent pain in right upper quadrant or epigastrium
The estimated fetal weight below the fifth percentile for gestational
age
Visual scotoma/blurred vision
Dyspnea with reduced oxygen saturation or pulmonary edema

All these changes lead to maternal hypertension and proteinuria which are main criteria for detecting preeclampsia.
Mild preeclampsia is associated with the lowest maternal
and neonatal mortality and morbidity rate, while severe
preeclampsia before 35 weeks into pregnancy is associated
with significant maternal and prenatal complications [7].
Severe preeclampsia occurs when blood pressure reaches
over 160/110 and proteinuria is above 5 g in 24-hour urine
collection, as shown in Table 1.
In addition to maternal risk factors such as hypertension, type 2 diabetes, antiphospholipid antibody syndrome,
obesity, and aging which have been proved to influence
preeclampsia, recent studies have attested to the role of
genetic factors and immune system in preeclampsia [8].
Reduced uterine-placental blood flow resulting from a combination of hypoxia and imbalances of angiogenic and antiangiogenic factors also exists in preeclampsia [6]. Some other
factors in relation to preeclampsia are also under study [9, 10].
Studies show that women with preeclampsia have increased
risk for developing diabetes later in life [11]. In another
study, blood glucose and insulin levels were measured 2
hours after a 75 g oral glucose use in pregnant women;
results showed that people with high blood insulin levels
have higher risk for preeclampsia [12]. Additional research
in Iran studying the relation between insulin levels and the
risk for preeclampsia shows that fasting insulin levels are
higher in women with preeclampsia during second trimester
before the onset of clinical symptoms compared to normal
pregnancy; fasting insulin level considerably increases when
disease develops [13]. However, other studies found no relationship between elevated insulin and risk of preeclampsia
[14, 15]. Criteria such as multiple pregnancy, prepregnancy
fasting blood sugar, prepregnancy hypertension or before
20 weeks into pregnancy, systemic diseases (diabetes, hypertension, etc.), parity, prepregnancy body mass index (BMI),
and drug use influence insulin resistance or susceptibility
to preeclampsia which were considered in this study. A
research on insulin resistance in the second trimester with
subsequent preeclampsia claims that insulin resistance in
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Table 2: Exclusion criteria.
1
2
3
4
5
6

Fasting blood sugar over 95 mg/dL
Hypertension over 140/90 mmHg before 20 weeks into
pregnancy measured twice
History of renal disease, diabetes, hypertension, and
heart disease
BMI over 25 kg/m2
Receiving drugs other than routine medications which
are used in pregnancy
History of diabetes in previous pregnancy

the second trimester of pregnancy is associated with later
onset of preeclampsia [16]. There is evidence that the rate of
insulin resistance in Asians is different from other races [17].
Considering the serious complications of preeclampsia on the
mother and fetus and value of predicting insulin resistance
in preeclampsia, the present study suggests a process for the
prediction of preeclampsia before the onset of the condition
and its prevention.

2. Materials and Methods
This case-control study was conducted between September
2010 and September 2011 during which 733 pregnant women
who were referred to prenatal care in the time of study were
examined during the first trimester. The project was approved
by the local ethics committee. These women were selected
from 12 clinics in Zanjan which provided prenatal care. The
subjects were asked to test fasting blood sugar; their blood
pressure was measured; they were examined for multiple
pregnancy; they were evaluated for other systemic diseases
including renal failure and cardiac ischemia; their BMI was
calculated; and finally, they were examined for medication
and a family history of diabetes. People with the following criteria were excluded from the study: fasting blood sugar over
95 mg/dL, hypertension over 140/90 mmHg before twenty
weeks into pregnancy, history of diabetes, hypertension, and
heart and renal disease, BMI over 25 kg/m2 , and receiving
drugs other than routine medications which are used in
pregnancy (Table 2).
Finally, 58 women met the exclusion criteria and were
excluded from the study; 675 pregnant women did not
meet the exclusion criteria and remained in the study. 12hour fasting blood samples were taken from these 675
pregnant women during the second trimester of pregnancy.
The samples were kept in −30∘ C for next examinations.
During the followup, hypertension was measured among
the participants who were past 20 weeks into pregnancy.
Preeclampsia is defined as a twice-measured hypertension
which is over 140/90 mmHg as well as a twice-measured
proteinuria rated as above 1+ measured in random urine
sample through dipstick or over 300 mg in a 24-hour urine
collection (Table 3).
During this period, people were followed up for the
risk of preeclampsia. Totally, 35 women were diagnosed
with preeclampsia. They were classified in the case group
and their 12-hour fasting blood samples were taken. Their

Table 3: Diagnosis criteria for preeclampsia.
Systolic hypertension over 140 mmHg or diastolic hypertension
over 90 mmHg measured twice in an interval of at least 6 hours
after 20 weeks of pregnancy
300 mg proteinuria in 24-hour urine collection or over 1+ on two
random samples during an interval of at least 6 hours or less a
week
Table 4: Case and control matching.

Parity (mod)
BMI
Maternal age
Gestational age

Case
2
21/15 kg/m2
33/6
23/2 w

Control
2
21/05 kg/m2
32/1
22/8 w

fasting insulin and fasting glucose were also measured. The
rest of pregnant women with normal blood pressure and
previous blood samples were used for control group. The 35
women were assigned to the control group who were matched
according to parity, BMI, maternal age, and gestational age
after assessing their files in the centre and choosing most
similar woman to from healthy group to preeclamptic group
(Table 4). 12-hour fasting blood samples were taken from
control group to determine blood insulin and glucose.

3. Calculation of Insulin Resistance
Insulin levels were measured initially by radioimmunoassay
from samples taken from mothers in the second trimester
as well as after the twentieth week of pregnancy. Glucose
was also measured by glucose oxidase. Insulin resistance
was measured by hemostasis model assessment (HOMA-IR)
formula [18]. Consider
HOMA-IR
=

fasting insulin (𝜇U/mL) × fasting glucose (mg/dL)
.
405
(1)

Data obtained from samples were analysed using the SPSS
software, version 17. 𝑡-test and analysis of variance were used
to compare mean values among the two groups of the study.
𝑃 values below 0.05 were considered as significant.

4. Results
Of 675 pregnant women, 35 developed preeclampsia. Prevalence of preeclampsia was 5.18 among the population. The
patients with preeclampsia were not significantly different
from the control group in terms of average age, BMI, parity,
and gestational age (Table 5).
Levels of fasting insulin and glucose were substituted into
the formula and resistance to insulin was studied among
the case and control groups both before and after the
development of preeclampsia. The average fasting insulin
increased for both case and control groups. Mean score for
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Table 5: Characteristics of subjects.

Control
2
BMI (Kg/m )
23.70
Number of first pregnancies
23
Age of pregnancy (in weeks)
33.9
Average age of mother
27.1

Preeclampsia
23.79
23
34.24
27.61

𝑃 value
0.788
0.922
0.788

25
20
15

Table 6: The average HOMA-IR.

First trimester
Third trimester

30

Case group

Control group

𝑃 value

3.09
4.76

1.9
2.93

0.021
0.001

the level of fasting insulin among people with preeclampsia
was higher than that of control group (𝑃 < 0.01) (Figure 3).
According to results of 𝑡-test, changes in insulin level were
significant for both groups during pregnancy (𝑃 < 0.01);
therefore, insulin rate increased in both groups. No significant difference was found among fasting glucose among the
two groups (𝑃 = 0.724) (Figure 4).
HOMA-IR was calculated for both groups during the first
and the third trimesters; in both cases, there was a significant
difference between insulin resistances (Table 6).

5. Discussion
Having matched case and control groups, this study calculated resistance to insulin using HOMA-IR index and
found that the case group differed significantly in levels of
insulin resistance both before and after the development of
preeclampsia in comparison to the control group. It was
thus concluded that insulin resistance could be an important
risk factor predicting preeclampsia. Insulin resistance is
described as inability of cells to respond to natural function
of insulin hormone. Rate of insulin resistance naturally
increases during pregnancy. It is believed placenta-derived
hormones are the most important factors with the ability to
change insulin resistance [19]. The golden standard for direct
measurement of insulin resistance is euglycemic glucose
clamp test [20]. However, this technique is time consuming
and expensive requiring a skilled operator. The present study
used indirect HOMA-IR which measures glucose and insulin
after 12-hour fasting. Glucose homeostasis depends on its
production by liver and insulin secretion from pancreatic
beta cells. HOMA-IR shows this dependency in terms of
an equation [18]. Our study suggested that insulin resistance during the first trimester among the members of
the group which consequently developed preeclampsia was
significantly different from the control group. This finding
is consistent with previous findings [13, 16]. Other studies
did not find such relationship [21]. Using three indices,
Parretti et al. measured insulin sensitivity at the early and
late stages of pregnancy. These indices were influential
in predicting preeclampsia [22]. Using HOMA-IR, Sierralaguado et al. identified insulin resistance in women with
gestational hypertension in early pregnancy [23]; however,

10
5
0
First trimester

Third trimester

Case group
Control group

Figure 3: The average fasting insulin level of people with preeclampsia.

84.6
84.4
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83.8
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83.2
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Case group
Control group

Figure 4: Fasting glucose levels in first and third trimester.

this study did not address preeclampsia. Lampinen et al.
also found that early preeclampsia influenced later insulin
resistance disorder [24]. Kaaja considered insulin resistance
as a factor for preeclampsia pathogenesis [25]. According to
this evidence, it seems that preeclampsia is associated with
increased insulin resistance before the onset of the disease.
Most of previous studies suffered problems which influenced
the results. Our findings showed that insulin resistance was
higher than control group prior to onset of preeclampsia
and increased during pregnancy. Little is known on the
relationship between insulin resistance and preeclampsia
in terms of molecules; however, some studies have been
conducted on this regard. Inositol phosphogly can obviously
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increase by preeclampsia. As the secondary messenger of
insulin, this molecule increases metabolic effects of insulin
and it is related to insulin resistance [26]. Metabolic disorders causing insulin resistance syndrome can be seen in
gestational hypertension disorders including increased levels
of plasminogen activator inhibitor −1, leptin, and tumor
necrosis factor alpha [27]. Insulin resistance may last for
years increasing the likelihood of cardiovascular diseases in
these people. These observations suggest that interventions
to reduce insulin resistance may reduce increased risk of
gestational hypertension and cardiovascular disease.
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