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ABSTRACT
Introduction: During pregnancy, the female’s body undergoes
many adaptations, including changes in the number and survival
of White Blood Cells (WBCs). Programmed deaths of the cells
are an important regulatory process that happens under a
variety of physiological and pathological conditions.
Aim: To measure the percentage of apoptosis of lymphocytes in
peripheral blood of pregnant females and healthy non pregnant
females, and to compare lymphocytes apoptosis between them
in term of blood pressure and blood sugar. Also, to relate this
apoptosis to blood sugar levels and blood lead levels.
Materials and Methods: Fourty two pregnant females in their
third trimester had been enrolled in the prospective study and
were considered as the patients group. They were recruited from
the labour room of the Baghdad Teaching Hospital, Baghdad,
Iraq. The control group consisted of 15 healthy non pregnant
women with matched age. Blood samples were collected from
both groups and subjected to lymphocytes apoptosis estimation;

blood sugar level and blood lead level measurements. Blood lead
level was measured using blood lead analyser kit. Lymphocytes
examination and separation was done. Data analysis was done
using SPSS version 20.0. ANOVA test, Independent sample t-test
and Pearson correlation test were also used.
Results: There was no significant difference in age and blood
lead level between patients and control groups. Lymphocyte
apoptosis was significantly higher in the patients group than the
control group (3.50±2.24 vs. 1.49±0.66). Lead level correlated
positively and significantly with lymphocyte apoptosis in both
groups. Apoptosis level was not significantly higher in hypertensive
patients however, it was significantly higher in diabetic patients.
Conclusion: Lymphocytes apoptosis is significantly higher
in third trimester of pregnancy and it is higher in diabetic and
hypertensive pregnant women than healthy non pregnant
women. The increase in blood lead level may cause a significant
increase in lymphocytes apoptosis in pregnant and non pregnant
women.

Keywords: Diabetes, Hypertension, Lead

Introduction

Normal pregnancy involves a mixed and complicated activity of
many immunoregulatory processes that protect the foetus from the
action of the mother’s immune system [1], and it is characterised by
a lot of haematological changes, which may seem to be pathological
in the non pregnant conditions [2].
The mother immune system responses to foetal antigens actually
play an essential role. There is evidence showing that T lymphocytes
play an important role in stopping foetal rejection [3].
In haematopoietic system, the cells that undergo programmed cell
death or apoptosis shrink and have nuclear destruction, and then
they are engulfed by a phagocyte, without arousing the inflammatory
response [4].
Lymphocyte apoptosis is important for good immune function. It
clears away developing lymphocytes that cannot show an antigen
receptor, and it removes lymphocytes with antigen receptors
that perceive autoantigens. Apoptosis also arranges the size and
duration of immune reactions; stimulated lymphocytes are killed
when an infection is abolished successfully [5]. The dysregulation
of apoptosis can cause different immune alterations, including
immunodeficiency and autoimmunity [6].
Environmental lead exposure is considered a public health problem
worldwide especially in the developing countries [7]. In pregnant
women, a blood lead level of 5 µg/dL or more needs counselling,
follow up, and advice to be away from the source of lead in the
environment [8]. Physiological stress occurring in pregnancy can
raise bone turnover of lead causing shift of lead to maternal blood;
thus, pregnant women are susceptible to have higher blood lead
level compared to non pregnant women [9].
Increasing evidence shows that the immune system plays an
important role in the pathogenesis of cardiovascular diseases
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including hypertension [10]. It was suggested that improper
activation of the immune system can result in pre-eclampsia [3].
High blood sugar level was claimed to affect WBCs apoptosis due
to the fact that there is impairment of the immune system during
diabetic state [11].
Studies showed inconsistent results regarding lymphocytes
apoptosis in pregnancy, since some studies observed an increase
in lymphocytes apoptosis during pregnancy [1,12], whereas another
evidence suggested that lymphocytes proliferation overcomes
apoptosis in pregnancy [13]. This study was done to reach further
understanding about factors affecting this process in pregnancy.
The aim of the study was to measure the percentage of apoptosis
of lymphocytes in peripheral blood of young pregnant females
during their third trimester and healthy non pregnant females, and
to compare lymphocytes apoptosis between them in term of blood
pressure, and blood sugar. Also, to relate apoptosis to blood sugar
levels and blood lead levels.

Materials and Methods
A total of 57 women participated in this prospective study and were
randomly selected regarding their age, occupation and residency.
They were divided into two groups (patient group and control
group). Fourty two pregnant women (considered as the patients
group) aged 26±5.40 years were compared to the control group
which comprised 15 non pregnant healthy women with matched
age (25±4.81 years). Participants were recruited from the labor
room of Baghdad Teaching Hospital (the patients group) and from
the staff of the Medical College, University of Baghdad (control
group), in the period between September 2017 and April 2018. The
study was approved by the Ethical Committee of Medical College
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of University of Baghdad and Baghdad Teaching Hospital. It was in
accordance with the Helsinki Declaration of 1975 that was revised
in 2000. Informed consents of the women participated in this study
were taken. All pregnancies were singleton.
The patient group was further subdivided into those having
hypertension, those having diabetes mellitus and those who had no
hypertension or diabetes. The blood pressure was considered high
when it exceeded 140/90 mmHg [14]. And the blood sugar was
considered high when fasting and pre-meal glucose levels were
above 105 mg/dL and HbA1c above 6% [15].
Thorough history was obtained from the women and careful
examination was done by an Obstetrics and Gynaecology specialist.
Blood samples (5 milliliter) were taken from them by venipuncture in
sterile states and put in heparinized tubes. Blood sugar and whole
blood lead levels were measured. Blood lead was measured using
lead care analyser which contains the lead care kit and the (lead
care analyser device) version 3.3 (ESA, INC, USA). Blood lead levels
of less than 10 µg/dL in adults and less than 5 µg/dL in children are
usually not causing poisoning, but it can be harmful if the exposure
continues for long time [16].
About 2 millilitres of blood was withdrawn in the tubes supplied by
the kit. The tubes were covered and the blood was mixed with the
reagent, until the colour of the mixture became brown. Then they
were left in upright position for a minute permitting the mixture to
drain down to the bottom of the tube. Using pipette, a 35 µL of
the mixture was drawn and placed to the sensor of the device after
calibration, and then analysis was started.
Total WBCs count was measured using haemocytometer counting
chamber and special pipette for the procedure. The blood was
diluted with WBCs solution (glacial acetic acid and gentian violet or
methyl blue). Then the mixture was put on the chamber and WBC
was counted under the light microscope.
Lymphocyte examination and separation was done through
the following method: About 2 millilitres of blood was withdrawn
in Ethylene Diamine Tetraacetic Acid (EDTA) tubes and diluted 1:1 in
freshly prepared phosphate buffer saline (pH-7.2). Then 2 millilitres
of mixture were carefully layered over the 4 mL ficoll 400 (Pharmacia
fine chemicals) which was disposed in 10 millilitres siliconised glass
centrifuged tubes, then it was centrifuged in cold centrifuge (2100 rpm),
for 25 minutes. After centrifugation, the lymphocytes forms a white
buffy coat at the interface between plasma and separating media,
which was aspirated by Pasteur pipette and transferred into another
tube. The aspirated lymphocyte layer was washed by phosphate
buffer solution and centrifuged (2500 rpm) until a pellet was formed.
The supernatant was discarded and this procedure was repeated
for three times. Finally the lymphocyte pellet was resuspended in 0.5
mL of phosphate buffer. The number and morphology were detected
using haemocytometer counting chamber.
Trypan blue exclusion test was done to assess cell viability. The
viable cells exclude the trypan blue dye, while the dead cells accept
it. A known volume of the suspension (100 microliter) was mixed
with same volume of the dye and examined immediately under light
microscope [17].

STATISTICAL ANALYSIS
Statistical analysis was done by using SPSS version 20.0. All values
were presented in Mean±Standard Deviation (SD) and unpaired
t-test and ANOVA test were used wherever appropriate. A p-value
of <0.05 was considered significant. The correlations were tested
using Pearson correlation test [18].

Results
The mean age of the patients group was 26±5.40 years ranging
between 18 and 35 years. The mean age of the control group was
25±4.81 years ranging between 17 and 33 years. The mean age
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of hypertensive and diabetic patients group was 23.61±2.92 years
and 21.5±3.24 years respectively. There was no statistical difference
between the groups (p>0.05).
The number of hypertensive (blood pressure >140/90 mmHg)
pregnant women was eight and the number of diabetic (fasting and
pre-meal glucose levels >105 mg/dL and HbA1c >6%) pregnant
women was 11.
Lead levels in the blood were measured in patients group, control
group, hypertensive group and diabetic group and it was noticed that
there was no significant difference between the groups [Table/Fig-1].

Variables

Patients
(=42)

Control
(n=15)

Hypertensive
patients group
(n=8)

Diabetic
patients group
(n=11)

p-value

Age (years)

26±5.40

25±4.81

23.61±2.92

21.5±3.24

>0.05

Blood
Lead level
(µg/dL)

5.03±3.62

4.93±1.66

6.21±2.3

6.55±4.1

>0.05

[Table/Fig-1]: Comparison of age and lead level between patients and control
groups.
ANOVA test was used for data analysis

Total WBC count was measured, finding that their count was not
statistically different between patients and control group. On the
other hand, the lymphocyte count was higher in patients than
control group with a significant difference. After processing and
measuring the percentage of lymphocyte apoptosis, it was obvious
that the apoptosis was significantly higher in patients group than
control group [Table/Fig-2]. ANOVA test was used for data analysis
in [Table/Fig-1] and Independent sample t-test was used for data
analysis in [Table/Fig-2].
Variables

Patients (n=42)

Control (n=15)

p-value

Total white blood cells (number/dL)

10671±2513

8440±1557

>0.05

Lymphocyte number (number/dL)

3310±1440

2200±770

≤0.05

Lymphocytes apoptosis (%)

3.50±2.24

1.49±0.66

≤0.05

[Table/Fig-2]: Comparison of total white blood cells number, lymphocytes number
and lymphocytes apoptosis between patients and control group.
Independent sample t-test was used for data analysis

A significant positive correlation was found between blood lead level
and lymphocytes apoptosis in both the groups [Table/Fig-3].
The increase in blood sugar was associated with an increase in
apoptosis of lymphocytes and this correlation was significant only
for patients group [Table/Fig-4]. Pearson correlation test was used
for data analysis in [Table/Fig-3,4].
Comparing the lymphocytes apoptosis in hypertensive pregnant
patients and control groups showed that there was no significant
difference between them, although the percentage was higher in
hypertensive group [Table/Fig-5].
Group
Patient
Control

Apoptosis

Lead level (µg/dL)
r

p-value

0.84

≤0.05

0.91

≤0.05

[Table/Fig-3]: Correlation between lead level and lymphocytes apoptosis in
patients and control groups.
Pearson correlation test was used for data analysis

Group
Patient
Control

Apoptosis

Blood sugar (mg/dL)
r

p-value

0.69

≤0.05

0.31

>0.05

[Table/Fig-4]: Correlation between blood sugar level and lymphocytes apoptosis
in patients and control groups.
Pearson correlation test was used for data analysis
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Group
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Hypertensive patients (n=8)

Control (n=15)

p-value

4.94±2.42

1.49±0.66

>0.05

Lymphocytes
apoptosis (%)

[Table/Fig-5]: Comparison of lymphocytes apoptosis between patients with
hypertension and control groups.
Independent sample t-test was used for data analysis

Lymphocyte apoptosis was also compared between hypertensive
and non hypertensive patients and there was no significant difference
[Table/Fig-6].
Group

Hypertensive patients
(number=8)

Non hypertensive
patients (number=34)

p-value

4.94±2.42

3.21±2.12

>0.05

Lymphocytes
apoptosis (%)

[Table/Fig-6]: Comparison of lymphocytes apoptosis between patients with
hypertension and patients with no hypertension.
Independent sample t-test was used for data analysis

Concerning diabetic patients, they had significantly higher lymphocyte
apoptosis than the control group [Table/Fig-7]. Comparing diabetic
group to the non diabetic group revealed no significant difference
[Table/Fig-8]. Independent sample t-test was used for data analysis
in [Table/Fig-5-8].
Group

Diabetic patients
(number=11)

Control
(number=15)

p-value

Lymphocytes apoptosis (%)

6.04±1.79

1.49±0.66

≤0.05

[Table/Fig-7]: Comparison of lymphocytes apoptosis between patients with
diabetes and control groups.
Independent sample t-test was used for data analysis

Group

Diabetic patients
(number =11)

Non diabetic patients
(number =31)

p-value

Lymphocytes apoptosis
(%)

6.04±1.79

2.93±1.88

>0.05

[Table/Fig-8]: Comparison of lymphocytes apoptosis between patients with
diabetes and patients with no diabetes.
Independent sample t-test was used for data analysis

Discussion
Lymphocytes apoptosis in pregnancy (third trimester) was measured
in this study, evaluating the effects of blood sugar levels, blood lead
levels and hypertension on this state.
Lead is highly polluting the environment of Iraq (mean of blood lead
level in Iraq is 7.3±2.8 µg/dL and the toxic level is >10 µg/dL) [19].
Lead exposure may cause blood changes to people at any age.
Studies found that apoptosis may result in oxidative stress and DNA
destruction [20]. To eliminate the differences in the effect of lead
on patients and control groups, we compared the blood lead level
in all groups and there was of no significant difference since the
participants are all living in the same environment.
Total WBC count was of no significant difference between patients
and control groups although it was slightly higher in patients’ group.
This result goes with other studies which found that WBC-count
is raised in pregnancy with the lower limit of the reference range
being about 6,000/dL. The physiological stress during pregnancy
is thought to be the cause of this slight leukocytosis [2]. Another
study found a significant increase in WBC count in pregnant women
compared with non pregnant women [21].
Lymphocyte count was significantly higher in pregnant women, which
had agreement with other studies who also found that the percentage
of lymphocytes was elevated during the third trimester of pregnancy
[21,22], but this result was not shown by some studies since that the
behavior of various types of lymphocytes during pregnancy has not
yet been determined with any precision. There were studies showing
decreased numbers of lymphocytes [13,23] and studies which
observed slight increase of lymphocytes [2,24,25].
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In this study, lymphocytes apoptosis in pregnant women was
found to be significantly higher than non pregnant women. This
result is consistent with other studies which reported that the total
lymphocytes apoptosis was significantly higher in pregnant women
(in all trimesters) when compared to non pregnant women [3]. It
had been revealed that exosomes of placenta are important in
controlling T cell activation by stimulating lymphocyte apoptosis
[26]. In pregnancy, it has been documented that the regeneration
and tolerance factor are manifested during T lymphocyte activation
and it has a role in T lymphocyte apoptosis [27].
In pregnant and non pregnant women, apoptosis has been shown
to correlate positively with the lead level, which goes with the results
found by Zhao D et al., who postulated that exposure to lead
can induce apoptosis of lymphocytes as seen in chicken splenic
lymphocytes [28]. Also, other researchers found that lead stimulates
oxidative stress in blood lymphocytes and oxidative stress plays an
essential role in apoptosis due to the high production of free radicals
[29,30]. It has been observed that lead causes structural nuclear
and cytoplasm abnormalities to WBCs [9].
The lymphocytes apoptosis was non significantly higher in
hypertensive pregnant women than non pregnant women.
Some studies showed that apoptosis is abnormally enhanced in
animals and humans with arterial hypertension [31-33]. Active T
lymphocytes regulate blood pressure through the release of reactive
oxygen species and activated vessels' cytokines, thus changing the
inflammatory state in the wall of the vessel and the kidney, so mice
who do not have T lymphocytes are resistant to blood pressure
increase, which explains that lymphocytes apoptosis to some extent
associated with hypertension [10]. While other studies showed
a low percentage of apoptosis in patients with hypertension and
cardiovascular pathology [34,35].
Diabetic pregnant women demonstrated a significant higher
apoptosis than non pregnant women. This was in agreement with
other studies which have reported that the elevation of oxidative
stress in diabetic patients induces lymphocyte apoptosis [36,37].
Other studies also found that T lymphocytes were reduced mainly
in diabetic patients with poor control [38].
In diabetes, there is decrease in lymphocytes count which is
possibly a clinical consequence of apoptosis [11]. In a study done
by Lien E and Ingalls RR, blood peripheral lymphocytes taken from
poorly controlled diabetic pregnant had higher DNA fragmentation
in comparison to cells collected from healthy people [39].

Limitation
A relatively small sample size was used in the study. However, we
should have worked on fresh blood samples for measuring apoptosis
which made it difficult to increase sample size in a limited period.

Conclusion
Lymphocytes apoptosis is significantly higher in third trimester of
pregnancy and it is higher in diabetic and hypertensive pregnant
women than healthy non pregnant women. The lead levels correlate
positively and significantly with lymphocytes apoptosis in both
patients and control groups.
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