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Abstract: Background: Hypertensive disorders are among the most serious complications of pregnancy and
diagnosing them early is an important part of prenatal care. Using the hemoglobin test results along with any risk
factors seen in the patient’s history and physical examinations, including blood pressure measured early in
pregnancy, may be effective in forming a predictive model for women likely to develop preeclampsia (PE). This
study aimed to investigate the association between fetal Hemoglobin (HbF) and PE in the first and early second
trimester of pregnancy. Subjects and Methods: This control case study, carried out at the Department of Obstetrics
and Gynecology at King Abdulaziz University Hospital, Jeddah, Saudi Arabia, between March and October 2015,
included 80 pregnant women at 11-16 weeks of gestation (40 women with normal pregnancies and 40 women who
subsequently developed preeclampsia). Patient data including age, blood pressure, and HbF concentration were
recorded. Results: Analysis of venous maternal blood found elevated serum HbF levels in a significant number of
women with PE compared to the control group. There was a significant difference in blood pressure measurements
(diastolic) between the groups and a significant positive association between HbF and blood pressure parameters
(both systolic and diastolic) existed in the case group only. Conclusion: As expected, this study found a significant
difference in gestational length at the time of delivery, with shorter gestation in the preeclamptic women than in the
women with normal pregnancies. Antenatal care clinics can carry out important risk assessment for the prediction
and early diagnosis of preeclampsia by including fetal Hb in their screening tests.
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1, Introduction which is reliable and cost effective for use in the

Preeclampsia (PE) is a disorder specific to developing world [7].
pregnancy characterized by hypertension and The existing clinical and biochemical tests for
proteinuria arising after the 20" week of gestation in a diagnosing PE in women at high risk are expensive
previously non-hypertensive woman. [1,2]. Edema and and have been shown to have little value in early
headache are also associated with the condition, and in diagnosis of the condition [10-12]. Numerous studies
severe  cases, seizures (eclampsia), clotting have looked at maternal hemoglobin (Hb)
abnormalities, hepatic and renal dysfunction, acute concentration and  fetal hemoglobin  (HbF)
respiratory distress syndrome and restricted fetal concentration as an early PE predictor [13-18].
growth can occur [3,4]. Preeclampsia is one of the Measuring hemoglobin isroutinelydoneas part of
major contributors to maternal death and morbidity antenatal care, with PE prediction in mind. Using the
worldwide, with the World Health Organization hemoglobin test results along with any risk factors
(WHO) estimating the incidence of PE in developing seen in the patient’s history and physical
countries to be seven times higher than it is in examinations, including blood pressure measured
developed countries [5,6]. early in pregnancy, may be effective in forming a

PE is a condition of unknown etiology, and predictive model for women likely to develop PE.
delivery of the fetus and placenta is the only known Therefore, this study aimed to assess the effectiveness
cure. Therefore, preventing PE is a significant of routine measurements of maternal Hb and HbFin
obstetrical goal. The challenge is to identify women at the first trimester and early second trimester in
a higher risk of PE early on in their pregnancies so that predicting the risk of PE.
they can be monitored more closely.

Several studies have focused on using various 2. Subjects and Methods
clinical and biochemical tests to predict or detect PE The current case-control study was carried out
early in pregnancy [7,8,9]. For most developing from March to October 2015 and involved80 pregnant
countries, however, these methods are impractical for women in their 11-16™ weeks of pregnancy. Subjects
general use. Currently, no screening test for PE exists were selected from women attending the Obstetrics

and Gynecology Department at King Abdulaziz
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University Hospital (KAUH), Jeddah, Saudi Arabia
for a routine antenatal care visit. Based on the last
menstrual period, gestational age (GA) was calculated
and verified by ultrasound measurement of crown-
rump length. After undergoing tests to measure their
Hb and HbF levels, all subjects were followed until
they delivered, with the presence of preeclampsia
being the main outcome studied. The Biomedical
Committee at the Faculty of Medicine, KAUH
approved the protocol for the study, and all
participants gave their written informed consent after
receiving comprehensive explanation of the procedure
involved.

All subjects involved in this study met the
following inclusion and exclusion criteria:

Inclusion criteria

Primigravida, singleton pregnancy, certain last
menstrual period, confirmation of pregnancy by serum
BHCG and first trimester crown rump length
measurements and gestational age (GA) between 11-
16 weeks.

Exclusion criteria:

Diabetes, pre-pregnancy hypertension,
cardiovascular disease, chronic renal disease, and
multiple pregnancies.

The 80 pregnant women of the study group were
subdivided into two groups:

1¥ group (control group): 40 women with normal
uncomplicated pregnancies.

2" group (case group): 40 women who
subsequently developed PE.

Following the guidelines of the International
Society for the Study of Hypertension in Pregnancy,
we defined PE thus: 2 separate measurements of BP
greater than 140/90 mmHg taken at least 4 hours apart,
and proteinuria concentration> 300mg in 24-hour
period or, if 24-hour urine collection is unavailable,
two readings with a value of at least 2+ on dipstick
analysis of urine specimens taken midstream or
through a catheter [15,19]. For this study, we
classified as normal any pregnancy in which the
woman had normal blood pressure and delivered after
GA of 37 + 0 weeks. The control samples were chosen
as consecutive cases from the same time period as the
cases who met the selection criteria.

All the women were informed about the nature of
the study and anyone who did not agree to participate
was excluded. Demographic data and medical
information was recorded for each participant as well
as vital signs including blood pressure, pulse,
temperature, weight, general condition and chest
cardiac examination. Additionally, each subject
underwent a physical examination including
abdominal obstetric ultrasound to confirm gestational
age and normality of pregnancy and to rule out any
complications which may result in hypertension. The
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following investigations were also carried out on each
participant: complete blood count; complete urine
analysis, serum BHCG, and random blood sugar.
Sample collection

Five ml of maternal venous blood samples were
collected at a GA of 11-16 weeks under complete
aseptic technique for analysis of total Hb and HbF.
The venous blood was in Vacutainer tubes, without
additives to allow clotting and centrifuged at 2000 g at
room temperature for 10 minutes. The serum was
stored at -20c after the careful labeling till the time of
analysis. HbF was measured with a sandwich enzyme
linked immunosorbent assay (ELISA) using kits from
Glory Science Co., Ltd with cat number MBS702332.
The sensitivity was 5 ng/mL, with an inter-assay
coefficient of variation (CV) of <7.99% and an intra-
assay CV of <2.22%. The total Hb concentration in
serum was measured by a competitive enzyme linked
immunosorbent assay using antibodies against adult
Hb. The sensitivity was 40 ng/mL, with an inter-assay
CV 0of <5.5% and an intra-assay CV of <2.04%.
Statistical Analysis

Data were analyzed using SPSS for Windows
version 17.0 (SPSS, Chicago, IL. USA). Continuous
data were presented as mean values # standard
deviation (SD) or median (range) as appropriate. For
categorical variables, percentages were calculated.
Characteristics of the control group and the PE group
were compared using the unpaired T-test. Results were
considered statistically significant if two-sided P
values were less than 0.05.

3. Results

Eighty women were included in this study, 40 of
whom were preeclamptic (study group) and 40 of
whom were normotensive (control). Out of the 40
preeclamptic women, 36 women (40%) and 4 women
(10%) developed mild and severe preeclampsia,
respectively.

Tablel: Percentage of control and preeclampsia cases:

N (%)
Control 40 (50)
Preeclamptic 40 (50)
Mild preeclamsia 36 (90)
Severe preeclamsia 4 (10)

As shown in Table 2, women in the study group
had a mean age of 25.4+4.313 years, whereas those in
the control group had a mean age of 29.28+6.552
years (P<0.05). The two groups differed significantly
in terms of maternal age, with the preeclamptic
women being significantly younger than those in the
control group.
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As illustrated in Table 3, the mean GA at
sampling of the control group was 14.365+0.6562
weeks (wks), while the preeclamptic group was
14.53340.6036 wks (P>0.05). At the time of sampling,
the two groups did not differ significantly with respect
to GA. However, GA at delivery did show a

statistically significant difference between the study
and control groups. At the time of delivery, the mean
GA of the control group was 38.9+0.7107 wks,
whereas the mean GA of the preeclamptic group was
37.895+0.4145wks (P<0.05).

Table 2: Characteristic of maternal age in the two groups

Control (n=40) Study (n=40)
Mean £SD Mean £SD P value
Age (years) 29.3 +£6.552 25.4+4.313 0.003*
* Significant difference at p<0.05
Table 3: Characteristics of GA at sampling and delivery in the two groups
Control Study Independent test Sig.
(n=40) (n=40) T P
GA sampling (week) Mean £SD 14.365 + 0.6562 14.533 + 0.6036 -1.188 0.23 NS
GA delivery (week) Mean £SD 38.9+0.7107 37.895+0.4145 7.726 0.012* S
* Significant p<0.05

The mean SBP at sampling in the control and
preeclamptic group was 104.25+ 6.25833mmHg and
107+7.90975mmHg; respectively. This difference in
sampling SBP did not reach statistical significant
difference. The mean DBP at sampling in the control

and preeclamptic group was 68.5+6.62164mmHg and
72+4.64095mmHg; respectively. Significant
differences existed between the two groups with
respect to sampling DBP (P<0.05).

Table 4: Characteristics of SBP and DBP at sampling time of the two groups

Control Study Independent test Sig.
(n=40) (n=40) T P
SBP sampling (mmHg) Mean £SD | 104.25 + 6.25833 107 +7.90975 —-1.724 0.089 NS
DBP sampling (mmHg) Mean £SD | 68.5 +£6.62164 72 +4.64095 —2.738 0.008* S

* Significant p<0.05

The mean SBP at diagnosing time in the control
and preeclamptic group was 107.75+ 6.975mmHg and
148.125+6.951mmHg ; respectively. The mean DBP
at diagnosing in the control and preeclamptic group

was 70.75+5.256mmHg and 94.25 + 6.751mmHg ;
respectively. Significant differences existed between
the two groups with respect to SBP and DBP at the
diagnosing time in the two groups (P<0.05).

Table 5: Characteristics of SBP and DBP at diagnosing time of the two groups

Control Study Independent test Sig.
(n=40) (n=40) T P
SBP diagnosis (mmHg) Mean £SD | 107.75 £+ 6.97523 148.125 £ 6.9512 -25.931 ]0.001* |S
DBP diagnosis (mmHg) Mean £SD | 70.75 £ 5.25625 94.25 +6.75107 -17.371 ]0.006* |S

* Significant p<0.05

The concentration of total Hb and HbF were
analyzed in all plasma samples from women with the
controls and the study (Table 6). No significant
difference existed between the two groups with respect
to Hb-T (P>0.05), while a significant increase of the
HbF concentration was seen in the study group as
compared to the controls (P<0.05).
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On performing a Spearman correlation test for
existing correlation between HbF and the studied
variables (maternal age, GA at time of sampling or
delivery, SBP and DBP at time of sampling and
diagnosing with PE), no significant correlation
between HbF and any of the studied variables was
found in the control (normotensive) group (P>0.05).




Life Science Journal 2018;15(1)

http://www.lifesciencesite.com

Table 6: Characteristics of Hb-T and HbF of the two groups

Control Study Independent test Sig.
(n=40) (n=40) t p
Hb-T (gm/dL) Mean £SD 10.383 +0.7327 10.34 + 0.8205 0.244 0.808 NS
HbF (ng/ml) Mean £SD 83.887 +31.625 387.763 + 146.035 —12.862 0.001* S
* Significant p<0.05

When subdividing the PE group into mild and
severe PE, a statistically significant increase in HbF

concentration was observed in women with severe PE
as compared to mild PE (P<0.05) (Table 7).

Table 7: Comparison between mild and severe PE regarding HbF

HbF Mild preeclampsia Severe preeclampsia Independent t-test
No. =36 No. =4 t P-value
Mean + SD 346.55 + 74.02 758.67 +£97.50 "
Range 220.76 — 572.88 694.44—902.97 10270 0.001
*Significant p <0.05
Table 8: Association between HbF and all the studied variables among the control group
r p Sig.

Age (year) —-0.001 0.996 NS
GA sampling (week) 0.061 0.707 NS
GA delivery (week) —-0.131 421 NS
SBP sampling (mmHg) 0.009 0.955 NS
DBP sampling (mmHg) 0.235 0.144 NS
SBP Diag (mmHg) 0.106 0.516 NS
DBP Diag (mmHg) -0.174 0.282 NS
HB (g/dL) 0.188 0.246 NS

*Significant p <0.05

On the other hand, a statistically significant direct correlation between HbF and BP (both systolic and diastolic)

at diagnosing of PE was observed (P<0.05).

Table 9: Association between HbF and all studied variables among the preeclamptic group.

r p Sig.

Age (year) 0.075 0.644 NS
GA sampling (week) 0.277 0.084 NS
GA delivery (week) 0.048 0.767 NS
SBP sampling (mmHg) -0.019 0.909 NS
DBP sampling (mmHg) 0.092 0.573 NS
SBP Diag (mmHg) 0.639 0.001* S

DBP Diag (mmHg) 0.692 0.008* S

HB (g/dL) 0.173 0.284 NS

*Significant p <0.05.

4. Discussion

Preeclampsia is the third most common cause of
mortality in pregnant women and detecting it early is
important in diagnostic medical research. To that end,
the current study investigated the effectiveness of
measuring maternal Hb and HbF in the first and early
second trimester of pregnancy as a predictor of PE.
Research has shown the PE risk assessment carried out
at antenatal care clinics can play a valuable role in
predicting the condition [17]. To be effective, PE
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screening should be simple, safe, inexpensive, fast,
and reproducible. Screening tests should also allow the
possibility of intervention, ideally to avoid the
development of PE completely, or at least reduce the
risk of serious morbidity and mortality [14].

Since PE is such a serious condition affecting
pregnant women, a great deal of research has focused
on investigating the contributing factors for PE, which
include advanced maternal age, multiple pregnancies
and chronic hypertension [20,21]. In the present study,




Life Science Journal 2018;15(1)

http://www.lifesciencesite.com

a significant difference in maternal age between
normal pregnant and preeclamptic women existed. The
mean maternal age of the preeclamptic group was
significantly lower than that of the control group.
Previous studies found that the incidence of PE was
high in women aged 20-29 years [21,22, 23]. In their
study of pregnant women in Riyadh, Saudi Arabia,
Siddiqui et al. reported an average age of preeclamptic
women of 29.0+ 6.1 years [23]. Similarly, Hassan et
al. reported an average age of 28.6 + 7.4 years
inpreeclamptic women in Abha, Saudi Arabia [21].

In the present study, the investigations for
maternal Hb and HbF concentration levels fulfilled the
criteria for effective screening tests for PE, as
mentioned above [14]. The difference between
maternal Hb levels of normal pregnant women and
those of preeclamptic women was not statistically
significant. There is research to suggest preeclamptic
women have higher Hb concentrations than their
normal counterparts [24]. Some studies investigating
the measurement of maternal Hb as a screening tool
for PE reported a significant difference between mean
Hb levels in preeclamptic and non-PE women in the
first trimester [18,25,26]. However, several other
studies found no significant differences between Hb
concentrations in preeclamptic women and those with
normal pregnancies [21, 27,28]. In terms of maternal
Hb levels, the findings of our study are in line with
results reported by Makuyana et al. [27], who
measured hematological parameters including Hb
levels in 38 preeclamptic women and 72 women with
normal pregnancies and found no significant
differences between the two groups. Likewise,
Hershkovitz et al. [28] found no significant differences
in Hb levels of the 21 preeclamptic and 19 normal
pregnant women in their study. Similarly, in their
study, Monteiro et al. found comparable Hb levels in
both preeclamptic and normotensive women [29].
Anderson et al., also reported no significant difference
in Hb levels between the study group (n=60) and the
control group (n=36), although both groups of women
had a high concentration of Hb [15].

The fetal hemoglobin molecule is highly
reactive. It can damage cell membranes and lead to
vasoconstriction by binding and inactivating nitric
oxide [30].The elevated levels of HbF found in the
blood of women with preeclampsia highlight the
potential of HbF as a predictor of PE [31]. In our
study, the mean serum HbF level was significantly
higher in women in the PE group (387.76+146.03) as
compared to the control group (83.887 + 31.625), and
as the severity of PE increased, HbF levels increased
significantly, implying that the level of HbF in
maternal circulation plays an important role in
prediction of this disorder. Our results are in
accordance with previous reports about HbFandPE. In
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their 2010 study, Olsson et al. [32] found an
association between PE and maternal plasma levels of
HbF. Levels of HbF were nine times higher in pre-
eclamptic women as compared to normal control
women. In addition, a strong positive correlation was
found between fetal hemoglobin and the severity of
the disease. In our study, there was a 5-fold increase of
fetal hemoglobin in preeclamptic cases as compared to
normal uncomplicated control women. Similarly,
Anderson et al. reported significantly higher mean
HbF levels in the PE group compared to controls [15].
Our findings, then, are in line with those of previous
studies.

Measuring BP is a routine part of antenatal care,
and hypertension is the main characteristic of PE and
its related symptoms. In the present study, BP
measurements taken at sampling time showed higher
SBP and DBP in women who later developed PE
compared to women with normal pregnancies;
however, the difference reached significance only with
DBP. Sibai et al. reported an association between
elevated SBP and DBP measurements at first antenatal
visit and a higher incidence of PE [33].

At the time of PE diagnosis, significant
differences between the study and control groups were
observed for both SBP and DBP values, which is
consistent with the findings of previous studies.
Siddiqui et al. (2011) reported that preeclamptic
patients had higher mean SBP and DBP values than
their counterparts in the control group [23]. In their
meta-analysis, Cnossen et al. (2008) examined 34
studies on a total of 60,599 women, 3,341 of whom
had PE [34]. They focused on the diastolic average,
not on the systolic pressure. Their analysis suggested a
predictive relevance for diastolic blood pressure over
75mmHg in the period of 13-20 weeks of gestation
[34]. In the study done by Nijdam et al. on 2,334
pregnant women during their antenatal visit prior to 16
weeks of gestation, they found that SBP and DBP
were the main predictors for pregnancy-induced
hypertension [35]. Similarly, Reiss et al. reported
significantly higher SBP and DBP in the first trimester
for women with subsequent PE [36].

Some research has indicated an association
between higher SBP and DBP and increasing Hb
levels [37]. In the present study, we found a positive
correlation between SBP and DBP and Hb Flevelsin
women with PE. Correlation analysis between HbF
and other variables studied indicated a significant
positive association between HbF and blood pressure.
The higher the blood pressure, either systolic or
diastolic, the higher the level of serum fetal Hb in
maternal blood. Likewise, Anderson et al. (2015) [31]
suggested that HbF levels in combination with blood
pressure measurements could play a role in
determining PE severity in term pregnancies. On the
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other hand, we observed no significant difference
between fetal hemoglobin levels with regard to
maternal and gestational age, results which are
consistent with previous research [15,38,39].
However, other studies reported that as gestational age
increased, HbF levels decreased [40]. As expected,
this study found a significant difference in gestational
length at the time of delivery, with shorter gestation in
the preeclamptic women than in the women with
normal pregnancies, a finding consistent with previous
studies [15,41].

Recommendations:

Based on our findings, we recommend measuring
maternal HbFin the first trimester of pregnancy as a
screening test to diagnose or predict preeclampsia.
More studies on the effectiveness of HbF and other
biomarkers in the prediction of preeclampsia should be
carried out to improve screening for this serious
condition.
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