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Abstract
The aim of this study is to assess dyslipidemia status among hypertensive pregnant
women and to correlate with preeclampsia in Gaza Strip. A cross sectional study was
conducted on 85 pregnant women attending the Gynecology and Obstetrics Department of
tertiary care in Gaza Strip (49-hypertension pregnant woman as patients and 36 normal
pregnant women without hypertension as a control). Pregnancy induced hypertension (PIH)
was found to be associated with fetus sex and it was higher with male fetus 28.6 % and twins
12.2% compared with control. The majority of the PIH patient were obese BMI (32.9 ±4.6)
compared with control (25.7±3.5) (P < 0.001). Serum cholesterol, triglycerides, LDL-C,
among PIH patients were high (175.3±56.6, 226.9±130.1, 67.4±51.4 mg/dl) respectively,
compared with control (143.8±44.1, 186.3 ±101.3, 48.9±46.5 mg/dl) respectively. Abnormal
lipid profile and low HDL-C levels may add to the promotion of vascular dysfunction during
pregnancy and may induce hypertension and eventually pre-eclampsia and serious
complications of fetus.
Keywords: Dyslipidemia-hypertension-preeclampsia-LDL-cholesterol.
1. Introduction
Pregnancy can at times become complicated when a women develops health problems such
as hypertension. Pregnancy induced hypertension (PIH) are characterized by elevated blood
pressure, proteinuria, and edema (Dutta, D, 2001). Worldwide, 10 % of all pregnancies are
complicated by hypertension, with pre-eclampsia and eclampsia being the major causes of
maternal and prenatal morbidity and mortality (Jayanta D, 2006). PIH is also called
preeclampsia and it occurs most often in young women with a first pregnancy. Hypertensive
disorders of pregnancy, contribute significantly to serious complications for the fetus and
mother. PIH occurs more frequently and can be more severe in women with preexisting
hypertension than in women who are normotensive prior to pregnancy. Metabolic
abnormalities, such as increased circulating leptin, glucose, insulin, and lipids, are likely to
increase the risk for preeclampsia in obese women (National Institute for Health and Clinical
Excellence (NICE), 2006).The hypertensive disorders of pregnancy collectively represent a
significant public health problem in the word.
1.1 Aim of study
To assess dyslipidemia status among hypertensive pregnant women and to correlate with
preeclampsia in Gaza Strip.
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1.1.1 Specific objectives:
1- To determine the level of serum cholesterol, triglyceride, HDL-C) and LDL-C among
hypertensive pregnant woman and non-hypertensive pregnant woman.
2- To determine the level of serum albumin and total protein among cases and control.
1.2 Significance
Hypertension is a major cause of preeclampsia, which is the major cause of maternal and
neonatal morbidity and mortality in Palestine. BMI, cholesterol, HDL-C, cholesterol,
triglyceride, and LDL-C are of the major risk factors of hypertension among pregnancy
worldwide. Early detection of the causes of hypertension among pregnant woman before the
onset of clinical symptoms may lead to the control of hypertension and prevent other
complication to mother and fetus. Understanding the status of hypertension and its risk factors
could provide clear picture of the main complications of this disease and enable us to enhance
policy makers to put new strategies to avoid these complications.
2. Literature Review
2.1 Hypertension
National Institute for Health and Clinical Excellence (NICE) define hypertension as
persistent elevated blood pressure above 140/90 mmHg (Smith et al., 2006). There are two
causes for the development of high blood pressure: First is that the heart pumps blood
forcefully and second is the constriction of arterioles because of which the flow of blood will
exert more pressure. The body stands with hypertension for some time, but finally the heart
size enlarged and this condition of hypertrophy of heart will occur. Cardiac hypertrophy is the
main cause of cardiac failure. This persistent rise in the blood pressure effects arteries and
arterioles in various organs, such as brain, kidneys, heart and retina. In pre-hypertensive type,
the range is 120-139 mmHg/80-89 mmHg, showing a high tendency towards raised blood
pressure (Goldenberg and Rouse, 1998).
2.1.1 Pregnancy Induced Hypertension
The hypertensive disorders of pregnancy affect up to 8% of all gestations and remain major
causes of maternal and neonatal mortality and morbidity in the United States and worldwide
(Barker, 1999). Most adverse events are attributable directly to the preeclampsia syndrome,
characterized by new-onset hypertension with proteinuria during pregnancy. Women with
chronic hypertension also manifest increased maternal and neonatal morbidity and mortality.
In this setting, these adverse outcomes usually are largely attributable to preeclampsia,
because preeclampsia is both more common and more devastating in women with chronic
hypertension (Drife and Magowan, 2004). In developed countries, where maternal mortality
attributable to preeclampsia has been reduced, the condition primarily affects fetal well-being
through intrauterine growth retardation, preterm birth, low birth weight, and perinatal
mortality. The increased infant mortality and morbidity is especially disheartening because at
least part of it is attributable to preterm delivery undertaken to prevent further deterioration in
the fetus and mother (Martin et al., 2013). In fact, 15% of all preterm births are indicated early
deliveries for preeclampsia. Preterm birth is associated with increased mortality and longrange neurologic disability. Preeclampsia also increases the risk of intrauterine growth
restriction (IUGR). These low birth weight babies have not only acute problems but more
alarmingly, IUGR may confer a long-term burden in the form of future cardiovascular risk
(Winkler et al., 2003).
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2.1.2 Pre-eclampsia
When blood pressure rises in pregnancy with significant protein in urine is called preeclampsia. Pre-eclamptic toxemia is actually a syndrome of signs and symptoms in which
placenta releases some substances that cause damage to endothelium of mother’s blood
vessels. High blood pressure is the major sign and that contributes to widespread damage to
mother kidneys, liver and especially endothelium (Robson, 1999). Pre-eclamptic toxemia may
occur from 20 weeks pregnancy; the course of disease is different in different patients.
Majority of cases are diagnosed preterm. When it occurs before 32 weeks, it is supposed to be
associated with high mortality. Delivery of placenta is ultimate treatment, which can be either
to induce the labor, abortion or C-section. It can also occur up to six weeks postpartum.
Among the serious complications of pregnancy pre-eclampsia is the most common; it may
affect both the mother and the fetal survival (Bellany et al., 2007).
2.1.3 Eclampsia
This word originates from the Greek and means to a flash, a word used by Hippocrates to
name a fever of rapid onset (Bellany et al., 2007). Eclampsia is a dangerous complication of
pregnancy with a sudden onset and has the features of developing tonic-clonic fits in a patient
who have developed preeclampsia. Eclampsia without onset of prior pre-eclampsia is
rare.Pre-eclampsia and eclampsia are collectively called hypertensive disorders or toxemia of
pregnancy. Women developing fits and coma with previous history of organic brain lesions
are not eclamptic (Ray et al., 2005).
2.1.4 Risk Factors
Pregnancy induced hypertension is more common in primiparous and women of younger
age. Multiple pregnancies, hydatiform mole in which the placenta is large in size are also risk
for eclampsia. Moreover, women with underlining vascular disorders e.g. diabetes,
hypertension and nephropathy or thrombophilic diseases such as the antiphospholipid
syndrome are at more risk to start pre-eclampsia and eclampsia. In addition, the genetic factor
is also involved; patients who have a family history of pregnancy induced hypertension,
especially in mother or sister are at higher risk (Dutta, 2001).
2.1.5 Lipid Metabolism in PIH
Lipoproteins’ levels increases during pregnancy, but in PIH they increases two times more
(Ahenkorah, et al., 2008). Abnormal lipoproteins’ levels are responsible for damage to
endothelium that leads to high blood pressure and proteinuria; these are important signs of
pregnancy-induced hypertension (Bianco et al., 1998). Changes in lipoproteins cause
atherosclerosis, damage to endothelium and other heart diseases. The major sign of PIH is
hypertension, suggesting that it is due to vasospastic events in the placenta, kidney, uterus and
brain (Sibai et al., 1997).Changes in lipoproteins’ levels have a key role in the pathogenesis of
pregnancy-induced hypertension. In PIH injury to endothelium and resulting endothelium
function are important factors to cause damage to multiple systems of the body (Van Hoorn et
al., 2002).
3. Methodology
3.1 Study Design
The study is a case control study.

19

3.2 Study population
The target population was hypertensive pregnant women diagnosed according to the current
WHO diagnostic criteria for hypertension, from Gynecology clinics in Gaza Strip and
normotensive pregnant women as a normal control.
3.3 Sample size
The Sample size was 49 hypertensive pregnant women and 36 normotensive healthy
pregnant women as a control subject. .
3.4 Ethical consideration
The necessary approval to conduct the study was obtained from the Palestinian Ministry of
Healthy.
3.5 Data collection
3.5.1 Questionnaire interview
The interview include most questions are the yes/no questions, which offer a dichotomous
choice. A questionnaire was piloted with 10 patients. The questionnaire includes questions on
the personal data (name, age, education, family history of hypertensive, number sons, gender
of fetus, stage of pregnancy and diet). Clinical data including duration of hypertension (only
for patients) and the most important complications of hypertension and Body mass index was
calculated as the ratio of body weight in Kg/height in meter square.
3.5.2 Specimen collection and biochemical analysis
Cases were asked to be fasting 12-14 hours and the researcher drew 6 ml of venous blood
into vacationer tubes from the control and hypertensive pregnant women subjects. Fasting
blood samples were collected for: 49 cases of hypertensive pregnant women and 36 samples
of normotensive pregnant women; 2 ml of blood was transferred to EDTA tube and 4 ml was
transferred to a plane tube without anticoagulant. Then serum samples was obtained by
centrifugation at 4000 rpm/10 minutes and serum was stored at -20 °C for further testing.
3.6 Biochemical Parameters
Serum levels of total cholesterol, High Density Lipoprotein Cholesterol (HDL-C),
triglycerides and serum albumin and total protein were explored in pregnant women using
enzymatic methods and the Low Density Lipoprotein Cholesterol (LDL-C) was calculated
using Friedewald calculation (Ahenkorah et al., 2008).
3.7 Statistical analysis
Data obtained was analyzed using SPSS version 21.
4. Results
4.1 Distribution of the study population according to age
The mean age of the control was 23.4±4.2 years and the patients mean age was 29.1±6.9
years (P>0.05) as shown in Figure 1.
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Figure 1:

Illustrates mean age in controls and patients

4.1.1 Self-reported complications
Table 1. Summarized the main self-reported complications among patients and controls. The
percentages of CVD, blood diseases, urinary tract infections and liver disease were higher in
patients compared with the control without statically significant differences.
Table 1:

The main self-reported complications among the study population (n=85).

Complication

Control
(n=36)
n (%)

Patients
(n=49)
n (%)

2

P-Value
*

CVD**

0 (0.0)

1(2.0%)

0,743

0.576

Blood diseases

1 (2.0)

4 (8.0)

0.390

0.291

Urinary tract infections

12
(33.3)

23 (46.9)

0.266

0.150

Liver disease

1 (2.0)

1 (1.2)

1.00

0.576

*P- value for chi – Square Test, **CVD: Cardiovascular diseases.
4.1.2 Fetus sex
Sex of fetus was in relation with PIH; table 2 showed statistically significant relation
between pregnant patients with hypertension who had male and twins compared with the
control (28.6 and 12.2% vs 8.3, 0.0% respectively) with statically significant differences
(22=14.634, P=0.002).
Table 2:

Sex of fetus among the study population (n=85).

Gender

Control
(n=36)
n (%)

Patients
(n=49)
n (%)

Male

3(8.3)

14(28.6)

Female

8(22.2)

13(26.5)

Twines

0(0.0)

6(12.2)

Unknown

25(69.4)

16 (32.0)
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2

P-Value
*

14.634

0.002

4.1.3 Pregnancy stage
Table 3 summarized the stage of pregnancy among patients and controls. The percentages of
increase in blood pressure in first, second, third trimester were higher in patients compared
with control with statically significant differences (2=14.7, P=0.000).
Table 3:

Blood pressure according to the pregnancy stage pregnant among the study population (n=85).

Trimester

Control
(n=36)
N (%)

Patients
(n=49)
N (%)

First

1 (0.023)

2 (4.1%)

Second

2 (0.05)

10 (20.4)

Third

4 (0.11)

37 (75.5)

2

P-Value
*

14.7

0.000

*P- value for chi – Square Test.

Figure 2:

Blood pressure according to the pregnancy stage pregnant among the study population.

4.1.4 Distribution of the study population by education, family history and diet.
Table 4. Illustrated the general characteristics of the study population. Analysis of the
educational status of the control and patients respectively showed that 15(41.7%) and 10
(20.4%) have diploma or university degree, 17 (47.2 %) and 23 (46.9%) have finished
secondary school, 1 (2.8) and 10 (5.6) have finished preparatory school, 2 (5.6%) and 6
(12.2%) have passed primary school, and 1 (2.8 %) and 0 (0.0%) were illiterate, respectively.
The educational level was found to be associated with hypertension (2=10.522, P=0.033).
Regarding family history, 2(5.6%) of controls and 28 (57.1%) of patients reported to have a
family history of hypertension, and found statically significant (2=24.184, P=0.000). In
addition, the number of controls and patients on diet were 3(8.3%) and 33 (91.7%)
respectively and was statically significant (2=8.015, P=0.00).

22

Table 4:

General characteristics of the study population (n=85)

General characteristics of
pregnant women

Controls (n=36)
(%)

Patients
(n=49) (%)

2

P-value

Education
Diploma or University
Secondary school
Preparatory school
Primary school
Illiterate

15(41.7)
17 (47.2)
1 (2.80)
2(5.6)
1 (2.80)

10 (20.4)
23 (46.9)
10 (5.6)
6 (12.2)
0 (0.0)

10.5
22

0.033*

Family history
Yes
No

2(5.6)
34(94.9)

28 (57.1)
21(42.9)

24.1
84

0.000

Diet
Yes
No

3(8.3)
33(19.7)

33(3.73)
93 (3.7.)

8.01
5

0.004

*p-value of 2 (corrected) test.
4.1.5 Number of children and pregnancy of patients and controls.
Table 5. showed that the average number of children and number of pregnancy were higher
among patients (3.7 ±3.19 and 5.1 ±3.70) compared with the control (1.8±1.99 and 2.2±2.21,
respectively) with mean differences of 2.91 and 10.4, respectively. This elevation was
statically significant (t=9.2, P=0.000 and t=29.2, P=0.000, respectively).
Table 5.

Number of children and number of pregnant of controls and patients

Variable

Controls
(n=36)
mean±S
D

Number of children
Range (min-max)

1.8±1.99
(0 - 8)

3.7 ±3.19
(0 - 11)

Number of pregnancy
Range (min-max)

2.2±2.21
(0 -9)

5.1 ±3.70
(0 - 17)

patients
(n=49)
mean±SD

mean
differenc
e

T

Pval
ue

2.91

9.2

0.0
00

10.4

29.
2

0.0
00

4.1.6 Serum lipid profile of patients compared with control
Table 6. illustrate serum lipid profile, including cholesterol, triglycerides, HDL-C and LDLC for patients and control. The average levels of cholesterol, triglycerides and LDL-C were
found to be higher among patients (175.3±56.6, 226.9±130.1 and 67.4±51.4 mg/dl,
respectively) compared with controls (143.8±44.1, 186.3 ±101.3 and 48.9±46.5 mg/dl,
respectively) with a mean differences (161, 209 and 65, respectively). This elevation was
statically significant (t=27.7, P=0.000; t=16.1, P=0.000 and t=11.9, P=0.000, respectively),
however the reported results of cholesterol and LDL-C among patients and control were
within the normal level; and TG level was over the normal value among patients. In contrast,
HDL-C was significantly lower in patients than in controls (52.3±14.6 vs 57.6±14.5 mg/dl,
mean difference=54, t=34.5, P=0.000) as shown in figure 3.
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Figure 3:
patients.
Table 6.

Illustrates mean Serum cholesterol, triglycerides, HDL-C and LDL-C of controls and

Total cholesterol, triglycerides, HDL-C and LDL-C of controls and patients.

Lipid Profile
(mg/dl)

Controls
(n=36)
mean±SD

patients
(n=49)
mean±SD

mean
difference

t

Pvalue

Cholesterol
Range (min-max)

143.8±44.1
(60-297)

175.3±56.6
(73-319)

161

27.7

0.000

Triglycerides
Range (min-max)

186.3
±101.3
(42-486)

226.9±130.1
(31-511)

209

16.1

0.000

HDL-C
Range (min-max)

57.6±14.5
(32-78)

52.3±14.6
(21-84)

54

34.5

0.000

LDL-C
Range (min-max)

48.9±46.5
(44-198)

67.4±51.4
(12-190)

65

11.9

0.000

Reference range: cholesterol ≤200 mg/dl, triglyceride ≤150 mg/dl, HDL-C>60 mg/dl and LDL-C
<130 mg/dl.

4.1.7 Body mass index of patients and control
Body mass index of patients and control illustrated in Table 7. The average BMI was found
to be higher in patients 32.9 ±4.6 compared with the control (25.7±3.5) with mean differences
= 1.6. This elevation was statically significant (t=29.2, P=0.000).
Table 7.

Body mass index of controls and patients

Body mass index
(kg/m2)

Controls
(n=36)
mean±SD

Patients
(n=49)
mean±SD

mean
difference

t

Pvalu
e

BMI
Range (min-max)

25.7±3.5
(20.3 -32.7)

32.9 ±4.6
(24.1- 42.7)

1.6

29.2

0.00
0

Reference range of BMI: 18.5–24.9 normal weight, 25.0–29.9 overweight, ≥30.0 obese.
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4.1.8 Serum protein and albumin of patients and controls
Serum protein and albumin of patients and controls is illustrated in Table 8. The average
levels of protein and albumin were found to be higher in patients (..2 ±1.2 and 673±1.4 g/dl
respectively) compared with the control (6.1±1.5 and 4.0 ±1.2 g/dl, respectively) with mean
differences of ..2 and 6.3 respectively. This elevation was statically significant (t=42.6,
P=0.000 and t=25.3, P=0.000).
Table 8:

Serum protein and albumin of controls and patients.

Parameters

Controls
(n=36)
mean±SD

patients
(n=49)
mean±SD

mean
difference

t

Pvalu
e

protein
Range (min-max)

6.1±1.5
(3.1 -9.0)

7.2±1.2
(3.6-9.2)

7.2

42.6

0.00
0

Albumin
Range (min-max)

4.0 ±1.2
(2.0-5.0)

5.2±1.4
(2.2-8.5)

673

25.3

0.00
0

Reference range: Total protein 4-7 g/dl and albumin 2.5-5.0 g/dl.

Figure 4:

Illustrates mean serum protein and albumin of controls and patients.

5. Discussion
Pregnancy-Induced Hypertension continues to be the main obstetric problem in present-day
healthcare practice in Gaza Strip. It affects not only maternal health but also puts fetal
development at risk. The high blood pressure problems of pregnancy are very frequent. In
PIH severe maternal and fetal complications, such as the HELLP syndrome, eclampsia,
preterm delivery, abruption placenta, intra-uterine fetal death or fetal growth restriction may
take place (Spradley, 2017). High blood pressure in pregnant women is related with incidence
of large placental infarcts and decreased placental growth (Allen et al., 2004). In the Gaza
Strip, data on hypertensive pregnant woman is limited to annual reports emerged from the
Palestinian Ministry of Health. In addition, there is no data available on the development of
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the disease towards different stages of hypertensive pregnant woman. However, Serum lipid
profile of hypertensive pregnant women may help in the disease management.
5.1 Serum lipid profile of patients and controls
The increase of serum lipids through pregnancy in general and during pregnancy-induced
hypertension in particular is described in a number of studies. Worldwide diverse studies have
reported elevated lipid levels in pregnancy induced hypertension patients (Wang et al., 2016).
Some earlier studies reported that the striking changes in the lipid profile in normal pregnancy
is serum hypertriglyceridemia, which may be as high as two to three folds in the third
trimester over the levels in normotensive pregnant women (Drife and Magowan, 2004).
In our study also this observation holds true, and the rise in serum triglycerides was
statistically significant (P<0.000) in pregnancy induced hypertensive patients when compared
to women with normal pregnancy. Cholesterol level; triglycerides and LDL-C concentration
were increased in the pregnancy induced hypertension patients. The average level of
cholesterol, triglycerides and LDL-C were found to be high in patients (175.3±56.6,
226.9±130.1 and 67.4±51.4 mg/dl, respectively) compared with the normal control
(143.8±44.1, 186.3 ±101.3 and 48.9±46.5 mg/dl, respectively) as shown in Figure 3; this
elevation was statically significant.
Our results are consistent with the findings reported in studies conducted in other
populations (Spradley, 2017, Wang et al., 2016 ). However, some of researchers have found
considerable rise in serum cholesterol in toxemia of pregnancy. It was reported in the Finnish
and Peruvian population (Magnussen et al., 2007) that patients with pregnancy-induced
hypertension had higher mean triglyceride and lower mean serum HDL-C concentrations than
the control group. In our study, the mean value of HDL-C was 52.3±14.6 lower in the
pregnancy induced hypertensive patients over the pregnant women with normal pregnancy
(57.6±14.5) statistically the variation was highly significant (P<0.001).
Increased BMI found in the present study as well, could partially clarify the significant
increase in triglycerides because increase in weight and body mass index is associated with
increase in body fats. The major modulator of this hypertriglyceridemia is estrogen as
pregnancy is linked with hyperoestrogenaemia.
Estrogen induces hepatic biosynthesis of endogenous triglycerides, by rising the hepatic
VLDL-TG synthesis, secretion and plasma triglyceride concentration (Magnussen et al.,
2007). This process may be modulated by hyperinsulinism established in pregnancy. During
gestation, these interactions along with increased endothelial triglyceride accumulation may
result in endothelial cell dysfunction. In PIH, increased triglyceride found, is probably
deposited in predisposed vessels, such as the uterine spiral arteries and contributes to the
endothelial dysfunction, both directly and indirectly through generation of small, dense lowdensity lipoprotein cholesterol. Moreover, this hypertriglyceridemia may be linked with
hypercoagulability (Jennifer et al., 2004).
Several investigators have hypothesized that the relation between a disordered lipid profile,
endothelium cell and oxidative stress is of major importance to the patho-physiology of
pregnancy-induced hypertension and it is reported that PIH is a widespread inflammatory
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state where a number of plasma factors that control endothelial functions are changed
(Maxwell et al., 2001). According to reported literature, an endothelial hyper stimulation is
originally provoked, finally leading to severe endothelial dysfunction and resulting in
distributed microangiopathic disease with hyper coagulation and vasospasm (Jennifer et al.,
2004).
A study conducted on Ghanaian women with pregnancy-induced hypertension reported that
there was a significant increase in triglycerides and LDL-C in the patient groups compared to
the control (Maxwell et al., 2001). The lipid peroxidation marker Malondialdehyde (MDA),
among the pregnancy induced hypertension subjects was significantly increased as compared
to the normotensive pregnant women (Maxwell et al., 2001). A significant positive correlation
between MDA and systolic and diastolic blood pressure was also observed. The study
obviously indicated that Ghanaian women presenting with pregnancy-induced hypertension
are very prone to dyslipidemia as well as lipid peroxidation (Jennifer al., 2004).
5.2 Body mass index of patients and controls.
In our study, the mean of the BMI of PIH pregnant women was higher as compared with
healthy pregnant women. The average BMI pregnant women with PIH was 32.9 ±4.6
compared with control 25.7±3.5. This elevation was statically significant (t=29.2, P=0.000).
Although six different studies that determined body mass index (BMI) before pregnancy used
different ranges, they all illustrated similar effects, signifying two fold increase in the threat of
PIH with an elevated BMI (Smith et al., 2006). One cohort study showed that women with a
BMI > 35 kg/m2 prior to pregnancy had over four folds risk of PIH in contrast to women with
a pre- pregnancy BMI of 19 -27 kg/m2 (Allen et al., 2004). Confounding factor can influence
the relation between BMI and PIH, as women with elevated BMI may be older and at higher
threat of chronic hypertension. In our study also, the more risk of PIH was gradually
increasing with the increase of BMI develop pregnancy induced hypertension. Several studies
reported that women with hypertensive disorders were more expected to increase BMI (Allen
et al., 2004).
5.3 Serum protein and albumin of patients and controls.
The average mean serum protein and albumin of patients and controls were found to be
higher in patients (7.2 ±1.5 and 5.2±1.4 g/dl respectively) compared with control (6.1±1.2
and4.0 ±1.2 g/dl, respectively) as shown in Figure 5.This elevation was statically significant
(t=42.6, P=0.000 and t=4.1, P=0.000). According to cohort study, average mean serum
protein and albumin of patients and controls were found to be higher in patients with PIH.
This indicate to edema in PIH pregnant woman and agree with increase lipid profile, which
need to increase lipoprotein in serum (Odegard et al., 2000). Relation of abnormal
lipoproteins’ levels in pregnancy with hypertension and protein in urine is highly suggestive
to show some new diagnostic tools.

5.4 Maternal age.
Maternal age is one of the essential risk factors of dyslipidemia in women with pregnancyinduced hypertension. According to our study the the mean age of PIH patients were 29±6.9
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and the mean age of the control was 23.42±4.2 years, The difference in the age of PIH
patients was significant (P < 0.05); therefor women age ≥29 years had high threat of having
pregnancy induced hypertension, whether they were having the first pregnancy or multiple
pregnancy. The US nationwide data(4) proposed that the danger of pregnancy induced
hypertension increases by 30% for each additional year of age past 34. Young age of pregnant
women did not appear to influence the danger of developing PIH, whichever cut off age was
used. In the other studies (Jennifer et al., 2004), the threat of PIH is greater when the age of
pregnant women is less than 25 years. Women age greater than 40 years had nearly two fold
high threat of having pregnancy induced hypertension, whether they were having first
pregnancy or multiple pregnancy (Allen et al., 2004).
5.5 Distribution of the study population by education, family history and diet.
In literature, family history, education and diet of hypertension, diabetes or ischemic heart
diseases were each associated with a doubling in occurrence of pregnancy-induced
hypertension. Our results were over-represented for family history of hypertension. 57.1%
patient and 5.6% control gave subjects family history of hypertension. Women with a family
history of hypertension were ten times more at risk to develop pregnancy induced
hypertension as compared to those having no family history of hypertension and Family
history of hypertension was statically significantly (2=8.015, P=0.00). Our study results is
consistent with different cohort studies that women will be seven to ten times more at risk of
PIH in a second and third pregnancy who had pregnancy induced hypertension in first
pregnancy (Magnussen et al., 2007).
Pregnancy induced hypertension is a multifactorial disease ; it has a general affinity towards
familial clustering, suggesting that genetic factors might play an essential role. In our study, a
woman with a family history of PIH was ten times more at risk to develop pregnancy induced
hypertension as compared to those having no such family history. Different cohort studies
reported (Maxwell et al., 2001) that a family history of pregnancy induced hypertension
increases the risk of PIH almost three times. The education level in patient lower than control
were diploma or university degree and secondary school 20.4, 47.2% respectively in patient
but 10 and 46.9% in control The educational level among patient was found to be associated
with hypertensive, and was statically significant (2=10.522, P=0.033). In addition, the
percentage of patients and controls on diet were 91.7 and 8.3 % respectively, and was
statically significant (2=8.015, P=0.00).
5.6 Self-reported complications.
The finding the main self-reported complications among patients more than control. The
percentages of CVD, blood diseases, urinary tract infections and liver disease were higher in
patients compared with the control (0.0, 2.0, 3373 and 1.0% vs 2.0, 8.0, 46.9 and 1.2 %,
respectively) no statically significant differences (2=0.743, P=0.576; 2=0.390, P=0.291;
2=0.266, P=0.0.150; and 2=1.00, P=0.567 respectively). According to the finding of
different cohort studies women main self-reported complications among PIH patients were no
statically significant differences with CVD, blood diseases, urinary tract infections and liver
disease, so PIH is not complicated from this disease (Spradley, 2017).
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5.7 Fetus, pregnancy stage, Number of children and pregnant of patients and controls.
In our study the male fetus and twins were in relation with the increase percent of PIH
compared with the control (8.3 and 22.2% vs % 8.3, 22.2, respectively) without statically
significant differences (2=14.634, P=0.00). In the other hand the percentages of increase
Hyperion in first, second, third trimester were higher in patients compared to controls (4.1,
20.4 and 75.5 vs 5.6, 41.7 and 52.8% respectively), without statically significant differences
(2=4.192, P=0.086). The average number of children and number of pregnant of patients
were found to be higher in patients (3.7 ±3.19 and 5.1 ±3.70) compared to controls (1.8±1.99
and 2.2±2.21, respectively) with mean differences of 2.91 and 10.4, respectively. This
elevation was statically significant (t=9.2, P=0.000 and t=29.2, P=0.000, respectively).
According to different cohort studies (Van Hoorn et al., 2002), that woman pregnant with
twins and have increase number of children and increase number of pregnant, her threat for
pregnancy induced hypertension nearly triples. Neither the zygosity nor chronicity of the
pregnancies could change this increased risk (Maxwell et al., 2001 and Jennifer et al., 2004).
A study reported that a triplet pregnancy almost triples 181 the risk of PIH in contrast to a
twin pregnancy. In the present study, 6 (12.2%) women were pregnant with twins in the
patient group vs. none in the normotensive women.
6. Conclusions:
1. Pregnancy induced hypertension (PIH) was found to be associated with age, education,
family history and diet compared to normotensive pregnant women.
2. PIH was found to be associated with the sex of fetus were higher and statically significant
in patients pregnant with hypertension who pregnant in male 28.6 % and twins 12.2%
compared to compared to normotensive women who pregnant in male 8.3 % and twins 0.0% .
3. Pregnancy induced hypertension was found to be not statically associated with selfreported complications such as CVD, blood diseases, urinary tract infections, liver disease
and stage pregnant compared to normotensive pregnant women.
4. The majority of pregnancy induced hypertension patient were obese compared with
normotensive pregnant women.
5. Serum cholesterol, triglycerides, low density lipoprotein cholesterol, Serum protein and
albumin were significantly higher in PIH patients compared to normotensive pregnant
women, in contrast serum high density lipoprotein cholesterol were significantly lower in PIH
patients.
6. The results of our study propose that an abnormal lipid metabolism and predominantly low
HDL-C and high TG concentrations, may add to the promotion of vascular dysfunction.
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Abstract
The morphology and the mechanical properties of the polymer networks have been
investigated under UV and electron beam irradiation based on the molecular weight distribution
of the polymer chains. It has been observed that the molar mass and the length of the polymer
chain have a major effect in determining the morphology and mechanical properties of the
polymer. The morphology and the architecture of the polymer chains can be controlled by
varying the intensity of the UV and electron beam doses during the photopolymerization.
Keywords: Photopolymerization; electron beam; irradiation dose; gel fraction; molecular
weight distribution; dynamic properties.
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1. Introduction
Radiation curing based on free radical photopolymerization has found increasing interest
in the industrial applications of preparing polymer composites due to the ease of control the
reaction rate (Reiser, 1989 & Fouassier, 1995), the morphology and the final properties of
the polymer matrix. The rapid development of radiation curing technology is due to its
distinct commercial, technical and environmental advantages (Mehnert & Pincus, 1998).
The acrylic polymers have increasing interest ranging from simple adhesives to
sophisticated industrial applications in the field of automotive and electronic devices.
Poly(2-ethylhexyl acrylate) in particular have been a briefly studied due to its unique
properties ranging from optical clarity, high conversion, and oxidation stability, low toxicity,
low cost and ease of control (Tobing, 2001 & Jovanovic, 2004).
The molecular architecture of the polymer is the major factor that determines the polymer
properties and the industrial applications; this will affect the glass transition temperature Tg
of the polymer. The molecular weight distribution MWD of polymer chains during freeradical polymerization can lead to the formation of highly branched polymers with
significant consequences on the its final properties (Burchard, 1999). The presence of
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intramolecular has an effect on the melting point, glass-transition temperature and hardness
as well as the degree of crystallinity of polymers. In contrast, intermolecular branching
affects rheological properties such as sedimentation behavior, intrinsic viscosity, and the
viscosity and elasticity of polymer melt. Long chain branching may also directly affect the
final application properties such as the adhesive nature of pressure-sensitive adhesives
(Filipe, 2008). However, in the free radical photopolymerization of acrylic monomers the
molecular weight distribution and the gel fraction are related to each other based on
polymerization condition (Plessis, 2001). The gel fraction is defined as the non-soluble
fractions of polymer called and is usually formed by a highly branched or cross-linked
polymer and largely affect the properties and applications acrylic of polymer.
The intermolecular chain transfer to polymer with termination by combination may lead
to gel formation (Ahmad et al, 2009). The level of branching increasing for free radical
polymerization than for controlled radical polymerization (Lovell, 1991 & Heatley, 2001).
Generally, characterization and understanding the polymer structure can be obtained by
characterizing the physical properties of polymer, kinetics analysis and molecular
distribution of polymer chains.
The main methods commonly discussed in the literature to determine the degree of
branching are 13C nuclear magnetic resonance (NMR) spectroscopy, gel permeation
chromatography (GPC) and infrared (IR) spectroscopy (Helmstedt, 2000).
The use of 13C NMR spectroscopy for quantification the level branching and the intermolecular chain
transfer is well developed for some polymers, such as polyolefins. Whereas NMR spectra For
poly(alkylacrylates) are more complex and thus only the total degree of branching quantified
(Heatley & Lovell, 2001). In contrast, GPC and rheology are more sensitive to low chain branching
(Vittorias & Wilhelm, 2007). Thus in order to fully describe the molecular architecture

information from spectroscopic, chromatographic and rheological techniques must be
combined (Vittorias & Parkinson, 2007).
The main objective of this work is to perform a comparative study about the effect of
preparation condition under ultraviolet UV and electron beam EB curing on the molecular
structure of the polymer matrix. We focus on understanding the effect of radiation dose,
reaction rate and the concentration of photoinitiator on the chain structure and the molecular
weight distribution in polymer matrix. This knowledge can be exploited to fabricate new
highly selective polymer composites for industrial applications.
2. Experiment
2.1 Materials
The monoacrylate monomer used in this study was 2-ethylhexyl acryalte 2EHA provided
by (Aldrich). The polymerization process was induced by a photoinitiator 2-hydroxy-2methyl-1- phenylpropan-1-one photoinitiator also known as Darocur1173 obtained from
(CIBA Rueil Malmaison, France).

32

3. Sample preparation
To prepare polymer samples, mixtures of 2EHA, photoinitiator (Darocure1173) were
prepared with different photoinitiator concentrations and stirred mechanically until they
became homogeneous. Few drops of the reactive mixture were placed on a glass slide and
rolled to a uniform thickness using wire rod and then covered with a polyester flat films
(PET 50 μm thick). The slide is then exposed to UV or EB beam using. The ultraviolet
irradiation device is Minicure MC4-300 Primarc UV Technology. The intensity of the UV
dose on the sample has been adjusted by controlling the speed of the conveyor belt of the
UV device. The UV doses used in this study have been varied between 60, 120, 240, 300,
400 mJ/cm2 to cover wide range of the irradiation intensity. UV doses were measured using
UV radiometer. The UV curing was induced by a photoinitiator at a concentrations varied
between 0.5 to 6 wt % with respect to the amount of monomer. The EB curing has been
performed by high voltage electron accelerator Electrocurtain Model CB 150 (Energy
Sciences Inc.) with a voltage of 175 kV. The electron beam dose was controlled by varying
the conveyer speed and the current intensity. The polymerization for all samples has been
carried out under normalized conditions for the monomer mixtures under UV or EB
irradiation. The reactive mixture has been uniformly placed on glass plates with about 100
µm film thickness. The maximum monomer conversion has been confirmed by infrared IR
spectroscopy analysis based on the disappearance of the acrylate double bond.
4. Analysis by gel permeation chromatography GPC
The GPC analysis was carried out at room temperature in tetrahydrofuran (THF) as solvent
using a Waters apparatus including a Waters 515 pump, a Waters 717 plus autosampler, a
differential refractometer Waters 410 and Stryragel columns HR3 and HR 3E (5 µm
particles). The polymer samples were purified and dissolved in THF and characterized at
flow rate of 1mL/min. The different peaks obtained from the GPC measurements appear as
a function of the retention time of the sample components, the molar mass of each polymer
sample and the polydispersity of the polymer chains have been estimated based on the
polynomial equation extracted from the calibration curve of the device.
5. Dynamic mechanical properties analysis
The dynamic mechanical properties of the UV and EB curable films were conducted using
Rheometrics dynamic mechanical analyzer type Physica MCR 301 instruments. The
temperature dependence of the viscoelastic properties such extension storage moduli E' =3G'
or shear storage moduli G', extension loss moduli E" =3G" or shear loss moduli G", and
dynamic loss tangent tanδ were measured at 1 Hz and 5C/min heating rate. An amount of
0.5g polymer sample was used to perform the analysis. Measurements were performed at a
temperature between 25°C and 100°C.
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6. Differential scanning calorimetry DSC analysis
DSC measurements were performed were performed using a SEIKO DSC-220C type
instrument Perkin Elmer Pyris Diamond calorimeter equipped with nitrogen at a rate of
50ml/min at a heating rate of 10°C with a temperature range between -72°C to 100°C the
same heating and cooling ramps during the measurements. The reproducibility of the results
has been confirmed by repeating the analysis for at least three samples using a program
consists of three heating and cooling cycles for each sample.
7. Gel fraction
The free radical polymerization of alkyl acrylate may produce a polymer containing a
significant gel fraction [9 10]. The fraction content was measured by soaking the samples in
tetrahydrofuran THF for 1 day at room temperature. The sample amount was about 50 mg
in 20mL THF. The soluble part was removed by filtration and dried at 60◦C to a constant
weight. The gel fraction was calculated using the following equation:
Gel fraction (%) = (W1/W0) × 100

(1)

where W0 is the weight before filtration and W1 is the weight after filtration.
8. Results and Discussion
8.1 Molecular weight
8.1.1 distribution
The effect of the UV irradiation dose on the molar mass of polymer is presented in figure1.
A series of samples with the same monomer concentration were exposed to different UV
doses ranging from low to high irradiation doses. The obtained polymer films were analyzed
by GPC and the results of the retention time and the molecular weight distribution were
compared for the selected doses. The molar mass of the polymer in terms of weight average
molecular weight Mw and number average molecular weight Mn have a sharp drop when
the irradiation doses increases. This results means that the at low UV dose, the propagation
step continuous at the same polymer chain than at higher doses at which the probability of
more radical sites increasing in the mixture which results in low molar mass of polymer.
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Figure 1:

Variation of the molar mass of PEHA as a function of UV curing dose.

In (figure 2) the presented the variation of the molecular weight distribution with
concentration of the photoinitiator. B y increasing the weight percents of the
photoinitiator in the reactive mixture result in sharp decrease of the polymer molar mass.
The presence of larger amounts of the photoinitiator raise the probability of formation
more free radicals in the mixture, which result in propagation reaction on larger amount
of radicals, and low molar mass chains are formed.
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Figure 2:

Variation of the molar mass of PEHA as a function of concentration of the photoinitiator.
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The effect of electron beam dose on the molar mass of polymer is shown in figure 3. In
this work, the reactive mixture is exposed to EB irradiation until maximum conversion and
the GPC has been conducted, the same samples were exposed again to the same irradiation
dose and the GPC analysis has been made for those samples with double dose. The weight
average molecular weight Mw for the samples of double doses show a sharp drop of Mw of
polymer by more than half the Mw of the samples with normal doses at maximum
conversion. The drop in the molar mass of the polymer at higher dose can be due to the
degradation at the polymer chains and formation of new radical sites.
Furthermore, Mw for the polymer prepared by EB irradiation much lower the previous
results in figure 1 for the polymer films prepared by UV irradiation. This result can be
explained by the presence of photoinitiator in the UV curing photopolymerization, that
increase the probability of the propagation step on the same polymer chain than in the EB
irradiation in which large amount of initiating radicals may exist and the propagation step
proceed at those site
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Figure 3:

Variation of the molar mass of PEHA as a function of EB curing dose.

9. Dynamic mechanical properties
The dynamic mechanical analysis was performed to investigate the dynamic mechanical
behavior of the UV and EB cured films of PEHA and study the crosslinking density of a
polymer based on the behavior of elastic modulus in its rubbery state. The relationship
between the concentration of the photoinitiator and the dynamic mechanical properties
such as storage moduli G' and dynamic loss tangent tanδ are shown in figures 4. From the
investigated experiments it can be observed that the increase of amount of the photoinitiator
corresponds with the decreasing the storage moduli G', while on the other hand it shows a
considerable increase in the dynamic loss tangent tanδ. The storage moduli G' isdecreasing
by increasing the temperature. While the tanδ temperature curve shift to higher temperature
range for the UV curing of PEHA with remarkable decrease with increasing the
concentration of photoinitiator. For the UV cured PEHA, by increasing the weight percent
of the photoinitiator in the reactive mixture, we clearly observe the increase of the
viscoelastic properties of the polymer film which can be explained by decreasing the molar
mass of the polymer chains by UV irradiation. At 25°C, the G' value for 0.1wt-%
photoinitiator is about 17·103 Pa and decreases to about103 Pa at 4 wt-% photoinitiator.
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Figure 4:

The temperature dependence of (a) storage moduli G' and (b) dynamic loss

Tangent tanδ for the UV curing of PEHA at 240mJ/cm2 irradiation dose with different
wt-% of the photoinitiator.
In the system of photopolymerization of 2EHA with fixed weight percents of
photoinitiator at different UV irradiation doses is presented in figure 5, it is observed that
the viscoelastic properties of the polymer films decease with increasing the UV irradiation
doses. The value of storage moduli G' drop from 4·103 at UV dose of 90mJ/cm2 to about
2·103 at dose of 400mJ/cm2. The peak of Tan δ increases with increasing the UV
irradiation dose, which indicates that the Polymer networks for the samples at higher dose
are of low molar mass.
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Figure 5: The temperature dependence of (a) storage moduli G' and (b) dynamic loss tangent tanδ for the
UV curing of PEHA at prepared at different UV irradiation doses with 2 wt-% photoinitiator.
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The behavior of the electron beam curing of 2EHA is presented in (figure 6); it shows that
the viscoelastic properties of the polymer films decease with increasing the EB irradiation
dose. The storage moduli G' drops sharply from 2·103 Pa at EB dose of 11kGy to about 400
Pa at a dose of 92kGy. Furthermore, the dynamic loss tangent tanδ which represents the
material damping for the EB curing shows a different behavior from UV curing. In the EB
curing tanδ decreases with increasing the temperature in contrast to the UV curing case which
shows an increase of tanδ with increasing the temperature. In addition, tanδ have lower values
ranging between 0,5 and 2 in average. This can be explained by the highly branched polymer
chains of the EB curing film compared to low branching in the UV system.
It is hard to compare directly the properties of the EB and UV films. However, a remarkable
drop of the viscoelastic properties is observed between the polymer films prepared by EB
curing compared to the EB curing polymer. This behavior can be explained by the
considerable difference of the molecular weight distribution of polymers prepared by UV and
EB irradiation. In general, the UV curing mechanism allows higher molecular weight
distribution during the propagation step, while the EB mechanism accelerates the termination
and combination step for lower molecular weight polymers. It is expected that the differences
in the viscoelastic properties and the glass transition temperatures of the polymers have direct
correlation the internal structure of the polymer chains in terms of its molecular weight
distribution.
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Figure 6:

The temperature dependence of (a) storage moduli G' and (b) dynamic loss tangent tanδ for
the EB curing of PEHA prepared at different EB irradiation doses.

For the system of PEHA, the effect of the irradiation dose and weight percents of the
photoinitiator on the glass transition temperature Tg can be elaborated by the DSC analysis.
Figure7 shows the DSC thermograms of PEHA films prepared at different irradiation doses and
weight percents of the photoinitiator
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DSC thermogram of PEHA prepared by (a) different weight percent of the photoinitiator
(b) different UV irradiation doses.

Figures 7a shows that the glass transition temperature Tg of PEHA decreases from -65°C to
- 67°C with increasing the weight percent of the photoinitiator from 2 wt-% to 4 wt-% in the
initial mixture. On the other hand, increasing the UV irradiation dose during the photo
polymerization process resulted in a remarkable decrease in the glass transition temperature.
The drop in the glass transition temperature can be explained by the formation of lower
molecular weight polymer chains, which have more mobility segment than the higher
molecular weight polymer chains.
Conclusion and Future Work
The effect of the UV and EB irradiation doses on the degree of branching, gel fraction and
molecular weight distribution MWD was investigated
The molar mass of polymer was found to decrease with increasing the irradiation doses for
both films prepared by UV and EB curing. A comparison have been made between the molar
mass of polymer in both methods shows the formation of low molar mass of polymer prepared
by EB compared to UV curing.
The viscoelastic properties of acrylic polymer PEHA were investigated. The dynamic
storage moduli G' is decreasing dramatically with temperature, while the value of the material
damping tanδ increasing with temperature in the UV curing polymer. On the other hand, tanδ
deceasing gradually in the EB curing systems. Further investigations on the glass transition
temperature of the polymer films have been performed for the UV and EB curing polymer
films. The glass transition temperature Tg decreases with increasing the irradiation dose for
both EB and UV curing and decreases with increasing the weight percent of the photoinitiator
due to the formation of low molar mass polymer chains.
UV and EB irradiation rate and the weight percent of the photoinitiator have a considerable
influence on the mechanical and physical properties of the polymer films. The change of the
mechanical and physical properties can be explained by the change of the molecular weight
distribution of the polymer chains. Finally, the molecular weight distribution of the polymer
can be largely controlled by varying the weight of photoinitiator and the irradiation rate.
Further investigation will be made to study the behavior of diacrylate polymer system and
compare the molecular weight distribution with the monoacrylate polymer films.
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