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Abstract

Following the different kinds of treatment of Preeclampsia (PE) that have challenged clinical regimens, it seems expedient to find ways of preventing PE. Cortisol
might be the best factor and marker to provide the baseline information, hence the focus.

The aim was to determine cortisol levels in preeclampsia.

STROBE consensus checklist was utilized for this case-control study. Clinical information on 125 subjects (50 controls, 30 PE, 50 pregnant normotensive; with 5
lost by attrition) was obtained after ethical consideration (MS-Et/M.3 — P.3.2/2013 - 2014) and informed consent. Full blood count, lipid profile, and cortisol levels were
analyzed after venipuncture and blood processing from subjects. SPSS version 20 was used to analyze data.

The mean cortisol level in PE was 149.37ng/mL and this was statistically significant when compared with non-pregnant normotensive (controls) only (p = 0.004); and
likewise, with both pregnant normotensive and controls (p = 0.008). During cortisol stratification, the odds ratio between PE and controls was 0.0927 (p = 0.0001) while
the odds between pregnant normotensives and controls was 0.0374 (p < 0.0001). A significant finding was seen between cortisol levels and lesser gestational weeks.

The fewer the weeks of gestation, the higher the cortisol level of the preeclamptic patient.

Introduction

Preeclampsia (PE) is defined as a multisystem disorder
characterized by hypertension and proteinuria [1-4] and a
leading cause of maternal mortality/morbidity worldwide.
According to WHO, the maternal mortality ratio in Ghana is
350 per 100,000 live births and this is unacceptably high [5].
Among the factors that threaten neonatal survival due to early
preterm delivery and prematurity [6] expectant management

and placenta delivery (the rescue medical intervention) are of
no exception.

Other factors have also been cited to be responsible for the
pathogenesis of PE [5-11]. The most prominent factors as far
as this research is concerned, are stress and cortisol levels.
Determination of cortisol levels may provide an additional
platform (Figure 1) for data support. This is because cortisol
is a stress mediator in the body and a possible instigator [7]
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Figure 1: Potential mechanism.

of the major outcomes of preeclampsia but limited data exist
worldwide.

Elevated cortisol levels during pregnancies have been
suggested to be associated with unsuccessful pregnancies
than successful ones [12]. Higher cortisol levels seem to be
present in maternal circulation during pregnancy since it has
been shown to control fetal pre-and postnatal development,
affecting organ systems during cortisol programming [13].
If cortisol degradation is affected by an 118 - hydroxysteroid
dehydrogenase type 2 (118-HSD2) activity, then birth weight
is lowered. Placental 118-HSD2 is upregulated during the
differentiation of cytotrophoblasts into syncytiotrophoblasts.
However, if 118-HSD2 activity is decreased first, a transfer of
high cortisol levels into the fetal circulation would be achieved,
thereby overwhelming the ability to degrade and adjust cortisol
levels for current needs [14-18].

Our working model of cortisol’s influence on the
hypothalamic (HPA) axis (Figure 1) of preeclampsia might
provide evidence for policymakers. However, the specific role
played by cortisol is not yet confirmed due to evolutionary
influence e.g. heritable traits over successive generations and/
or changes in maternal sensitivity to the environment that
occur with advancing gestation. Additionally, there is evidence
that maternal stress during pregnancy is related to decreased
gestational length [18]. We explored the latter and asserted the
notion that cortisol might be an additional marker to provide
baseline information in the prevention and management of
preeclampsia and its complications in Ghana.

Aim

To determine cortisol levels in the pathogenesis of
preeclampsia

Method
Inclusion criteria

Patients diagnosed with Preeclampsia (PE) were recruited
after informed consent. Non-pregnant women and pregnant

normotensives who provided informed consent were also
included.

Exclusion criteria

Any subject with a history of diabetes, chronic hypertension,
urinary tract infection, renal disease, cardiovascular disease,
molar pregnancy, multiple pregnancies, infectious diseases,
and thyroid dysfunctions were excluded. Less than 18 years
females were also excluded.

Clinical information was obtained after informed consent
and ethical review (MS-Et/M.3 — P.3.2/2013 — 2014) for the
case-control and prospective study situated at the Obstetrics
and Gynecology unit, Korle-Bu Teaching Hospital, Accra.
The sample consisted of 125 subjects (50 controls, 30 PE, 50
pregnant normotensive; with 5 lost by attrition).

Four milliliter (4 ml) of blood was obtained (in the morning)
from an antecubital vein by means of a plastic syringe and
dispensed into EDTA (for complete blood count) and gel tubes
taking careful precautions. Sysmex auto analyzer was used to
quantify complete blood count whilst RANDOX auto analyzer
was used for the determination of lipid profile.

Cortisol levels were determined using an ELISA kit from
GenWay Biotech, Inc. (6777 Nancy Ridge Drive, San Diego, CA
92121).

Five mL spot urine was obtained to determine proteinuria
and to categorize subjects into normotensives and PE.

PE in this study, was defined based on American College
of Obstetricians and Gynecologist criteria. Accordingly, PE
is defined as diastolic blood pressure of > 90 mmHg and or
systolic blood pressure of 2140 mmHg with proteinuria 2300
mg/dl occurring after 20 weeks of gestation.

Data was created on a spreadsheet, corrected for errors,
three (3) different backups were created and SPSS version 20

was used for analysis.
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Results

In preeclampsia, the average blood pressure ranged from
early onset (141/90 mmHg; 20 weeks to < 34 weeks) to late
onset (157/94 mmHg, > 34 weeks) respectively. The average
blood pressure for pregnant normotensive was 111/74 mmHg.

Systolic blood pressure (SBP), Diastolic blood pressure
(DBP), neutrophil count, white blood cell count, cholesterol,
and LDL cholesterol were significant after both t-test and
ANOVA analysis (Table 1). Early morning cortisol levels and
other remaining parameters in Table 1 were only significant in
the t - test analysis.

From Table 2, during cortisol stratification, the odds
ratio between PE and controls was 0.0927, with a Confidence
Interval (CI) being 0.0272 to 0.3152, a z score of 3.808, and a
p = 0.0001. Even though the odds between PE and pregnant
normotensive were not significant; the odds between pregnant
normotensives and controls gave 0.0374, a CI being 0.0082 to
0.1717, z score of 4.228 and this was highly significant (p <
0.0001).

A significant finding was seen between cortisol levels and
lesser gestational weeks (Table 3).

Inferences from cortisol levels stratification to control
confounding clinical variables indicated how cortisol correlated
with SBP, DBP, and glucose under normal conditions; however,
results were not indicated here. This was partly due to low
numbers obtained after stratification as some data was lost to
attrition.

Table 1: Clinical variables in the study.
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Discussion

In this study, a report on specific differences in cortisol
levels in Ghanaian subjects was presented alongside our
potential mechanism (Figure 1).

In agreement with the current finding, cortisol has been
demonstrated to rise progressively during pregnancy with a
peak during the second and third trimesters [19]. In this study,
higher cortisol levels were found in preeclampsia patients
with fewer weeks of gestation (around the second trimester)
whereas the reverse was true in the third trimester for pregnant
normotensive. With preeclampsia diagnosis at 20 weeks of
gestation, it seems expedient to sample data from the second
and third trimesters.

The study adds to the existing knowledge elsewhere that
distress conditions during pregnancy, increase cortisol levels
thereby altering the hypothalamic axis (HPA) [8-11,20],
causing associated changes in cellular immunity and adverse
pregnancy outcomes. Pregnancy outcomes due to abnormal
cortisol levels could lead to fetal programming of organ systems
[12] including metabolic and cardiovascular components. It
suffices to say that cortisol correlated with SBP, DBP, and LDL
cholesterol (Supplementary Table 1, though, there seemed to be
data lost to attrition) as well as significant findings from the
odds ratio (Table 2). It is also, possible that cortisol stimulated
pro-inflammatory cytokines and elicited high blood pressure.

As pregnancy progressed, PE patients were less
physiologically and psychologically reactive to stress, an
indication of a dampening effect [20]. It is also not surprising

PE x
Variables Pregnant normotensive Control Pre?:;)::'LTo * PE x control 3‘:::;'
p - value P - value Normo
p - value

Age (years) 29.97 + 5.15(49) 29.65 + 5.55(25) 40.00 +10.70(38) 0.000 0.000 0.806 0.000

BMI (kg/m2) 28.90 + 5.61(38) 29.00 + 6.38(21) 28.40 + 6.58(38) 0.723 0.736 0.950 0.915

SBP (mmHg) 109.00 + 12.14(40) 137.00+22.93(24)  121.00 + 18.41(38) 0.001 0.004 0.000 0.000

DBP (mmHg) 71.00 + 11.17(40) 90.00 + 14.26(24) 79.00 +11.81(38) 0.003 0.002 0.000 0.000

Neu (%) 68.93 + 6.19(49) 74.23 +9.81(20) 47.79 + 8.61(50) 0.000 0.000 0.009 0.000

Whbc (10°/L) 7.75+1.76(49) 9.60 £ 3.61(20) 5.45 +1.47(50) 0.000 0.000 0.006 0.000

Hb (g/dL) 11.10 £ 2.5(49) 12.17 £1.74(20) 12.81 £ 1.38(50) 0.000 0.109 0.085 0.000

Cholesterol (mmol/L) 5.10£1.16(42) 5.98 +1.61(22) 3.33+2.03(34) 0.000 0.000 0.015 0.000

Triglycerides (mmol/L) 1.90 £ 0.59(42) 2.06 £ 0.86(22) 0.68 +0.49(34) 0.000 0.000 0.384 0.000

HDL (mmol/L) 1.28 £ 0.35(42) 1.59 + 0.44(22) 1.10 £ 0.69(34) 0.145 0.005 0.003 0.003

LDL (mmol/L) 3.95+1.08(42) 4.72 +1.34(22) 2.80 +1.28(34) 0.000 0.000 0.015 0.000

Cortisol (ng/mL) 104.38 + 86.6(16) 149.37 £229.10(29)  40.14 £ 37.15(40) 0.000 0.004 0.455 0.008
Gestational weeks 31.60 + 5.10(45) 32.30 +4.80(21) - 0.599
Birth weight (g) 2885.63 + 480.94(24) 1892.31 +1057.09(13) - 0.000
APGAR (1min) 7.29 £ 0.91(24) 5.63 % 1.69(13) - 0.000
APGAR (5min) 8.45 1 0.72(24) 7.25+1.83(13) - 0.007

BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; Neu:

LDL: Low Density Lipoprotein

Neutrophil; Wbc: White Blood Cells; Hb: Hemoglobin; HDL: High Density Lipoprotein;
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Table 2: Numbers of subjects with normal and abnormal cortisol levels.

Abnormal cortisol level 8rx*

3** 37*

Normal Cortisol level 14 13 6

*Only lower levels of cortisol were obtained. **Only one higher level of cortisol was
obtained. **** Only two higher levels of cortisol or outliers were obtained.

Table 3: Cortisol levels and gestational weeks of clients.

Gestational weeks Pregnant normotensive PE p - value

< 34 weeks 91.10 + 32.80(25) 181.80 + 83.70(15) 0.000
> 34 weeks 118.00 + 98.45(24) 54.80 + 26.20(6) 0.135
p - value 0.202 0.013

that the study had a significant finding between cortisol levels
and lesser gestational weeks (Table 3). In term PE patients,
cortisol levels seem to be low before delivery and this was
consistent with the literature [21,22]. This finding indicates
that higher 11pHSD2 activity or lower 11BHSD1 activity in
women with PE [20], perhaps, occurred before the clinical
presentation. The inflammatory response and the associated
stress in PE might increase cortisol secretion. However, this
secretion does not constitutively increase in PE; and there is
limited evidence that cortisol exerts a feedback inhibition or
stimulates 11BHSD2 activity or whether other factors play a role
- much work is needed in this regard.

Several investigators have suggested lower birth weight in
the presence of decreased 11-HSD2 enzyme activity [21-24].
This is very possible since a decrease in 113-HSD2 could pave
the way for higher cortisol levels to have a negative correlation.
Even though patients were followed up until the delivery of
babies, 113-HSD2 enzyme activity was not explored due to
logistics.

It is worth indicating that, pregnant normotensives and
controls fairly filled out the stress-related questionnaire but
only a handful of PE patients managed to complete that part
of the questionnaire making the analysis a bit biased since PE
was the main target. Thus, psychosocial parameter analysis
was intentionally omitted in this article.

Conclusion

The fewer the weeks of gestation, the higher the cortisol
level of preeclamptic patients and the need for mind-body
intervention during preeclampsia. Further studies are needed
in exploring the psychosocial relationship to cortisol/cortisone
levels as well as addressing the effects of abnormal cortisol
levels on hemodynamic states as an important modulator of
118-HSD2 activity in preeclampsia, to inform decisions and the
management of preeclampsia.

Recommendation

It is important to conduct longitudinal and intervention
studies to improve maternal outcomes of PE.
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