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Abstract

Pregnancy-induced hypertension represents a significant public health issue due to its potential adverse
effects on both maternal and fetal outcomes. Adrenocorticotropic hormone (ACTH), a key regulator of
various physiological processes including blood pressure, has been proposed as a possible contributor to
the development of gestational hypertension when present at elevated levels during pregnancy. This study
explored the relationship between ACTH concentrations and blood pressure in pregnant women, with the
aim of assessing its influence on maternal health. Thirty pregnant women were enrolled, from whom blood
samples were obtained to determine ACTH levels, while blood pressure was monitored throughout
pregnancy. The results demonstrated a significant association between elevated ACTH concentrations and
increased systolic and diastolic blood pressure. Participants with higher ACTH levels consistently
exhibited greater blood pressure values compared to those with normal levels. Additional factors such as
age, body mass index, and gestational age were incorporated into the analysis to enhance reliability.
Although elevated ACTH appears to be a potential contributor to gestational hypertension, no statistically
significant differences were observed in liver function or other biochemical parameters between the
comparison groups.

Keywords: ACTH, Plasma biomarkers, Hormonal imbalance, Immunoassay analysis, Systolic
variation

Introduction

Adrenocorticotropic hormone (ACTH), also known as corticotropin, is a peptide hormone predominantly
synthesized and secreted by the anterior pituitary gland. It is a major component of the hypothalamic-
pituitary-adrenal (HPA) axis and an important mediator for stress responses, metabolism modulation,
immune system homeostasis regulation and inflammatory pathway control [1, 2]. The immune system
must change during pregnancy to accommodate and not reject the fetus. Immunomodulatory effects of
ACTH, which participates in this immune tolerance. Together with cortisol, ACTH also has
immunosuppressive effects via controlling cytokine expression and reducing the inflammatory response,
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which serve to maintain pregnancy [3, 4]. In addition, ACTH has an indirect effect on fetal development.
ACTH stimulates the production of cortisol, which goes through the placenta. Cortisol is involved in the
maturation of the fetal HPA axis, organogenesis, and immune system functioning [5-7]. Changes in ACTH
and cortisol levels are correlated with the beginning of HPA. High levels of ACTH and cortisol are found
in women with pre-eclampsia in observational clinical trials [8]. Inadequate production of ACTH can
result in hypocortisolemia, which is associated with underactive cortical hormone production in the body,
particularly where the fetus is concerned, resulting in stunted growth and underdeveloped organs,
especially the lungs [9-11]. The changes in ACTH concentration could also decline the immune function
of the body, which may increase the risk of maternal and neonatal infections [12]. Therefore, while ACTH
is important for the protective mechanism during the course of pregnancy, its dysregulation may in theory
result in both positive and negative consequences at the same time, which could lead to excessive
inflammation or immunosuppression resulting in consequential impact on the mother and fetus [13-15].
This study aims to investigate the effect of increased adrenocorticotropic hormone (ACTH) levels on
blood pressure in pregnant women, examine the correlation between elevated ACTH levels and the
development of gestational hypertension, and assess whether ACTH level monitoring can serve as a
predictive marker for hypertensive complications during pregnancy.

Materials and Methods

2.1 Materials

The equipment and apparatus employed in this study are presented in Table 1, whereas the materials and
kits used are outlined in Table 2.

Table 1: Equipment and apparatus used in the current study.

No. | Equipment & instrument Company and Origin

1 Plastic Petri-dishes Marienfeld (Germany)

2 Refrigerator BIOMERIEUX (France)

3 Pipette and tubes Almalak Company (Iraq)

4 Pipette tip Almalak Company (Iraq)

5 Syringes and tourniquet Novel(China)

6 Holder for tubes for freezing sample Almalak Company (Iraq)

7 Centrifuge Shanghai Cheer Instrument (China)
8 Sphygmomanometer Rossmax CH155F | Rossmax (Swiss)

Table 2: Materials and Kits used in the current study.

No. | Materials and Kits Company and Origin
1 A diagnostic kit for the quantification of [ NIPIGON Health corp
ACTH in blood (Canada)

2.2 Methodology

2.2.1 Data Collection

This study was conducted from July 21 to September 9, 2024, in Fallujah city, Al-Anbar, Irag, involving
30 pregnant outpatient women at Fallujah Teaching Hospital for Maternity and Children and private
laboratories. Participants were divided into two groups: 15 hypertensive pregnant women and 15
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normotensive pregnant women without pregnancy complications. Data including age, symptoms, and
gestational diabetes were collected via questionnaire. Blood pressure measurements were taken, and blood
was collected into EDTA tubes which were centrifuged at 3800 rpm for 5 minutes to separate the plasma.
In order to avoid stress related fluctuations in ACTH, plasma was stored at -20 degrees Celsius. ACTH in
plasma was measured with a specific device, and results were produced after 30 minutes of incubation,
which is the time required after thawing for 15 minutes. ACTH was measured during the periods of
gestational hypertension, taking into account some external stressors which could artificially elevate the
ACTH concentration because of gestational hypertension.

2.2.2 Measurement of ACTH Hormone

The evaluations of plasma levels of ACTH are useful in the assessment of the pituitary-adrenal axis
functions and the tests were done using a device and a kit from Nipigon Company which does in vitro
quantification of ACTH using enhanced chemiluminescence immunoassay (eCLIA).

2.2.3 Principles of the Testing Method (Sandwich Principle)

Employing a sandwich immunoassay format, the total time needed for the test is nine minutes. This
procedure forms a sandwich complex using the sample, a biotinylated monoclonal antibody, and
ruthenium conjugated monoclonal antibody around the target analyte. The biotin-streptavidin bond
interaction subsequently enables the monoclonal antibody attached to the analyte to be adsorbed to the
solid phase of the test by the addition of streptavidin-coated microparticles. After that, the reaction
mixture is sucked into the measurement cell, where the microparticles are drawn to the electrode surface
by magnetic attraction. Washing with the system reagent removes unbound materials. Chemiluminescent
emission is activated and detected by a photomultiplier when a voltage is applied to the electrode.
Quantitative results are obtained by referencing a calibration curve generated specifically by the
instrument using a 20-point calibration and a master curve supplied via RFID.

2.2.4 Specimen Collection, Handling, and Storage

Human plasma anticoagulated with EDTA-K3 or EDTA-K2 is recommended for testing. Blood samples
should be collected via standard venous puncture procedures. Following complete coagulation, the plasma
component should be separated by centrifugation. Care must be taken to avoid bubble formation during
testing. Any lipid layer floating on the surface of the sample should be carefully removed. Samples
exhibiting severe hemolysis are not recommended. For storage, samples can be kept for up to 8 hours at
18°C-28°C, 3 days at 2°C—8°C, and up to 4 weeks at —15°C or below. Samples may be frozen once only.
Prior to measurement, samples must be brought to room temperature (18°C-28°C). To minimize
evaporation effects, samples and calibrators loaded onto the analyzer should be analyzed within 2 hours.
2.2.5 Testing Procedure

The ACTH test is initiated by setting up the assay according to the operational manual. The ACTH reagent
pack is placed into the designated analyzer slot to allow automatic suspension of magnetic beads at least
30 minutes before testing. The recommended ambient conditions are 10°C-30°C temperature and 80%
relative humidity. The kit is identified within the device, and sufficient buffers are confirmed to be
available in the system. Pre-warmed serum samples brought to room temperature are loaded into the
device using can tubes. Sample information is entered into the device, and the reaction is started by
pressing “Start.” The test results are generated by the analyzer approximately 20 minutes after initiation.
2.2.6 Statistical Analysis

For statistical analysis, SPSS software (version 27) was used. Using mean + standard deviation, the data
were presented. Using one-way ANOVA and chi-square tests, comparative analyses were performed.
Also used were receiver operating characteristic (ROC) curve analysis and regression analysis.
Technically, statistical significance was determined at a significance level of p < 0.05 and p < 0.01.
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Results And Discussion

3.1 Results

The first table presents the distribution of patients based on specific characteristics. Among the patients,
50.9% suffer from high blood pressure, while 36.8% have normal blood pressure; data for 12.3%
were unavailable. Additionally, 12.3% of women had gestational diabetes, indicating that the majority of
the sample (87.7%) had no history of this condition. Regarding swelling in the feet and the presence of
albumin in the urine, 50.9% exhibited these symptoms, which may suggest kidney problems or pregnancy-
related disorders. The most common age group was 25-35 years (52.6%), while the least represented
group was those over 40 years old (1.7%), as shown in Table 3.

Table 3: Distribution of Patient Groups According to Study Characteristics.

Characteristics Frequency Percent
No data 7 12.3
Hypertension no 21 36.8
yes 29 50.9
Total 57 100.0
Yes 7 12.3
Gestational diabetes [no 50 87.7
Total 57 100.0
No data 7 12.3
Albumin and feetino 21 36.8
swelling yes 29 50.9
Total 57 100.0
No data 7 12.3
<25 18 31.6
Age group 25-35 30 52.6
>35 1 3.5
Total 57 100.0

The average age of the patients was 26.38 + 5.76 years, indicating that most of the sample belonged to a
young age group. The mean gestational age was 7.65 = 2.14 weeks. The average number of previous
pregnancies was 2.42 + 2.05, suggesting that most women were not experiencing their first pregnancy.
The mean systolic blood pressure was 12.13 + 1.52, while the diastolic pressure was constant at 8.00
0.00, which may reflect missing data or uniform measurements for some patients. The average ACTH
concentration was 14.82 + 12.91, indicating substantial variability among the patients, as shown in Table
4.

Table 4. Means and Standard Deviations of Study Parameters in the Study Group.

Patient characteristics [N Minimum [Maximum [Mean Std. Deviation
age 50 13 40 26.38 5.764
Gestational age 49 1 10 7.65 2.136

No. recent pregnancy 50 0 7 2.42 2.051

Systolic pressure 23 10 16 12.13 1.517
Diastolic pressure 23 3 3 3.00 .000

ACTH 30 0 53 14.82 12.909
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Among the 57 patients with foot swelling and albumin in the urine, 22 had high blood pressure, a
statistically significant association (P = 0.000), indicating that patients with hypertension are more likely
to exhibit these symptoms. The age group of 25-35 years was the most common among patients with high
blood pressure, while older age groups (>35 years) were underrepresented. Notably, none of the patients
with gestational diabetes had high blood pressure, suggesting no direct correlation between the two
conditions within this sample, as shown in Table 5.

Table 5: Distribution of Patient Characteristics According to the Presence of Hypertension.

. - Hypertension
Patient characteristics No data_ NG - T P value
o INo data |7 0 0 7
A TR T ———
yes 0 7 22 29
Total 7 21 29 57
No data 7 0 1 3
<25 [0 10 8 18
fAge group D535 |0 11 19 50 0%
>35 2 2
Total 7 21 29 57
Gestational diabetes |yes 7 0 0 7 000
Total no 0 21 29 50 '
Total 7 21 29 57

Patients with hypertension had greater ACTH concentrations (15.50 + 9.19) than those without
hypertension (5.88 £ 5.00); however, this difference was not statistically significant (P = 0.179), indicating
that ADTH levels may be influenced by other variables, such as age. Patients with hypertension had a
substantially higher mean age (28.10 + 5.52) than those without (24.00 + 5.34) (P = 0.01). Furthermore,
there was a statistically significant difference (P = 0.016) in the average systolic blood pressure between
individuals with and without hypertension, with the former having a substantially higher value (12.83)
than the latter (11.36). Other variables, such as the number of prior pregnancies, did not show any
significant variations. Table 6 presents these results, and Figure 1 shows them.

Table 6: Means and Standard Deviations of Study Parameters in the Study Group According to the
Presence of Hypertension.

hypertension age Gestational [No. recent|Systolic  [Diastolic ACTH
age pregnancy |pressure [pressure
N Mean 20.14
©  [Std. Deviation 22.954
data
N 6
Mean 24.00 [7.80 2.71 11.36 8.00 5.88
no Std. Deviation [5.339  [1.765 1.901 .809 .000 5.004
N 21 20 21 11 11 5
yes  |Mean 28.10 [7.55 2.21 12.83 8.00 15.50
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Std. Deviation [5.518  [2.384 2.161 1.697 .000 9.191

N 29 29 29 12 12 19

Mean 26.38 [7.65 2.42 12.13 8.00 14.82

Total [Std. Deviation [5.764  |2.136 2.051 1.517 .000 12.909

N 50 49 50 23 23 30

0.011 |0.694 0.394 0.016 - 0.179
Ili | ii
Gestational | No recent ' Syslolic Diastolic
\ age age | pregnancy | pressure |  pressure ‘ ACTH ‘

Figure 1: Means and Standard Deviations of Study Parameters in the Study Group According to the
Presence of Hypertension.

Women in the 25-35 age group were 29.10 years old on average, compared to 20.56 years old in the <25
age group. There was no discernible variation in the mean gestational age across the various age groups.
Although systolic blood pressure tended to be higher in the older age groups (>35 years), the difference
was not statistically significant. The highest ACTH concentration was observed in the >40 years group,
which may suggest a potential influence of age on this hormone, as shown in Table 7.

Table 7: Means and Standard Deviations of Study Parameters in the Study Group According to Age
Groups.

Age group Age Gestational [No.  recent|Systolic  |Diastolic ACTH
age pregnancy |pressure [pressure
Mean 40.00 18.00 6.00 20.09
No data [Std. Deviation|. ) : 20.955
N 1 1 1 7
Mean 20.56 [7.00 1.44 11.29 8.00 14.01
<25 |Std. Deviation[2.895 [2.716 1.199 .756 .000 11.612
N 18 17 18 7 7 7
Mean 36.00 [8.00 .00 15.43
>35 Std. Deviation|. ) : )
N 1 1 1 1
b5 35 Mean __ 29.10 [8.00 2.97 12.50 8.00 12.70
Std. Deviation|3.595 [1.762 2.173 1.633 .000 8.954
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N 30 30 30 16 16 15

Mean 40.00 [8.00 6.00 19.81
> 40 Std. Deviation|. . . )

N 1 1 1 1

Mean 26.38 [7.65 2.42 12.13 8.00 14.82
Total [Std. Deviation/5.764 |2.136 2.051 1.517 .000 12.909

N 50 49 50 23 23 30

.000 .500 .010 .076 ) .681

The average age of patients with foot edema and albumin in their urine did not differ statistically
significantly from that of individuals without these symptoms (P = 0.063). However, systolic blood
pressure was significantly higher in patients exhibiting these symptoms (13.08 vs. 11.09; P = 0.000),
indicating a strong association with elevated blood pressure. There was no discernible variation in the two
groups' ACTH concentrations. Table 8 presents these results, and Figure 2 provides illustrations.

Table 8: Means and Standard Deviations of Study Parameters in the Study Group According to the
Presence of Foot Swelling and Albumin in Urine.

Study characteristics N Mean  [Std. Deviation [Minimum |Maximum [P value
es 27 28.00 6.361 13 40 063
Age no 19 24.74 4.605 17 34 '
Total 46 26.65 5.874 13 40
es 26 7.85 2.130 1 10 306
gestational.age no 19 7.16 2.292 3 ) '
Total 45 7.56 2.201 1 10
es 27 2.67 2.075 0 6 386
no.recent.pregnancy|no 19 2.58 1.953 0 7 '
Total 46 2.63 2.004 0 7
es 12 13.08 1.379 11 16 000
Syst.pressure no 11 11.09 831 10 12 '
Total 23 12.13 1.517 10 16
es 12 8.00 .000 8 8
diast.pressure no 11  [8.00 .000 8 8 I
Total 23 8.00 .000 8 8
es 16 12.92 10.995 0 37 844
ACTH no 4 11.79 2.977 7 14 '
Total 20 12.70 0.852 0 37
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Figure 2: Means and Standard Deviations of Study Parameters in the Study Group According to the
Presence of Foot Swelling and Albumin in Urine.

The ACTH test demonstrated low discrimination between cases of hypertensive pregnancy and normal
blood pressure, with a low area under the curve (AUC = 0.224), which was not statistically significant (P
= 0.055), as shown in Figure 3.

ROC Curve

[

04

00 02 04 08 o8 10
1-Specificity
Figure 3: ROC Curve Analysis ot ACTH tor Hypertension (Area Under the Curve = 0.224; P = 0.055).
However, as Figure 4 illustrates, the area under the curve was modest (AUC = 0.490) and the difference
was not statistically significant (P = 0.951), despite the fact that the ACTH test demonstrated greater
discriminating between subjects with albumin in urine and foot edema during pregnancy and normal cases.
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Figure 4: ROC Curve Analysis of ACTH for Albumin in Urine and Foot Swelling (Area Under the Curve
=0.490; P = 0.951).

A linear correlation with a P-value of 0.983 showed that there was no significant relationship between age
and ACTH levels. Gestational age and ACTH levels showed a positive but non-significant association (P
= 0.555). Regression analysis also revealed a positive, non-significant association between ACTH values
and systolic blood pressure (P = 0.677) and a negative, non-significant association between ACTH values
and the number of recent pregnancies (P = 0.626). Figure 5 provides an illustration of these interactions.
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Figure 5: Regression analysis of the correlation between ACTH values and: (a) age (P = 0.983), (b)
gestational age (P = 0.555), (c) number of recent pregnancies (P = 0.626), and (d) systolic blood pressure
(P =0.677).

Discussion

This study identified a positive correlation between elevated adrenocorticotropic hormone (ACTH) levels
and increased blood pressure in pregnant women. Blood pressure measurements were noticeably higher
in those with greater ACTH concentrations than in those with normal levels, indicating that ACTH may
be important for controlling blood pressure during pregnancy. These results emphasize the necessity for
more investigation to clarify the physiological effects and underlying processes of ACTH in this situation.
The findings align with what has been published by [1] reviewing the pathophysiology of adrenal
insufficiency and noting the roles of ACTH with cortisol secretion, as well as blood pressure via sodium
and water retention. During pregnancy, CRH and ACTH levels were noted as elevated [16], which likely
influences blood pressure as well. Our results also align with those of [17] where increased cortisol and
plasma ACTH levels were noted in both fetal and maternal blood, suggesting the possibility of hormonal
influences on the mother's blood pressure.

Nevertheless, [18] pointed out the need for further research regarding the interplay CRH has, and the blood
pressure during pregnancy, which seems to be multifaceted. On the other hand, we differ from the findings
of [19] who noted the absence of a relationship between ACTH and blood pressure control during
pregnancy. This difference could stem from study design, sample size, or other factors that were controlled
for in the analyses.

The correlation that has been noted with blood pressure and ACTH levels might be because of the ACTH's
role in cortisol synthesis, which increases blood pressure by causing the retention of sodium and water in
the kidneys, as shown in [19]. As noted in [20] and [3], maternal anxiety and the HPA axis activation
during pregnancy may elevate cortisol which can, in turn, elevate blood pressure. Moreover, it has been
suggested that HPA axis activation during pregnancy might exacerbate hypertension by the stress response
causing vasoconstriction and increased blood pressure from the sympathetic nervous system.

This study employed accurate and standardized measurement techniques for both ACTH and blood
pressure, enhancing the reliability and validity of the results. The inclusion of a comparison group with
normal ACTH levels provided a more robust assessment of ACTH’s effect on blood pressure. The results'
applicability to broader groups, however, could be constrained by the very small sample size. Moreover,
external factors such as maternal diet, physical activity, and psychological stress were not fully controlled,
which may have influenced blood pressure outcomes. Additionally, the study did not assess the long-term
effects of elevated ACTH levels on blood pressure in the postpartum period.

The effect of ACTH on albuminuria in pregnant women has been examined indirectly through studies
involving related conditions such as hypertensive disorders, diabetic nephropathy, and Cushing’s
syndrome. In our study, a non-significant elevation in ACTH levels was observed among patients
presenting with albuminuria and peripheral edema (feet swelling), indicating a possible but inconclusive
link.

The study by [21], although not involving pregnant women, explored ACTH’s potential role in modulating
glomerular permeability a pathway relevant to albuminuria in pregnancy by suggesting podocyte repair
mechanisms through melanocortin receptor activation.

In a case report by Xu et al. (2023) [22], a 26-year-old pregnant woman was diagnosed with ACTH-
independent Cushing’s syndrome due to an adrenal adenoma. The patient presented with severe
albuminuria (24-hour urinary cortisol: 1,190.5 pg/24 h), hypertension, and hypokalemia. Surgical
resection of the adenoma effectively resolved hypercortisolism and its associated complications, resulting
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in a successful pregnancy outcome. This case highlights that excessive cortisol independent of ACTH
elevation can contribute to albuminuria and preeclampsia-like symptoms during pregnancy.
Additionally, the study by [23] on hypertensive pregnancies noted that ACTH stimulates aldosterone
secretion, which may exacerbate hypertension and renal stress. Although albuminuria was not directly
measured, this mechanism suggests that ACTH-induced aldosterone production may indirectly contribute
to endothelial dysfunction and glomerular damage, potentially increasing albuminuria in hypertensive
pregnancies.

A significant correlation between the incidence of hypertension and the presence of albuminuria observed
in our study is consistent with findings by [24], which reviewed 26 studies and concluded that elevated
albuminuria in early pregnancy (measured via the urine albumin-to-creatinine ratio) is strongly associated
with preeclampsia risk. Although ACTH was not evaluated in that study, it reinforces the clinical
importance of albuminuria as a biomarker for pregnancy complications and provides a context for
exploring hormonal influences, such as ACTH.

Additionally, according to the Centers for Disease Control and Prevention (CDC), albuminuria is closely
associated with hypertensive disorders of pregnancy (HDPs), which include preeclampsia and impact
around 15.9% of births in the US. While ACTH was not investigated in the CDC report, it underscores
the urgent need for reliable biomarkers and interventions targeting endothelial dysfunction a physiological
pathway potentially influenced by ACTH [25].

Conclusion

This study demonstrates a positive correlation between elevated ACTH levels and increased blood
pressure in pregnant women, suggesting a significant role of ACTH in blood pressure regulation during
pregnancy. The effect of rising ACTH levels was more pronounced with advancing maternal age.
Hypertension was found to be significantly associated with albuminuria; however, despite this association,
ACTH levels did not differ significantly between patients with positive and negative albuminuria.
Furthermore, the ACTH test showed poor discriminatory ability in distinguishing pregnant women with
hypertension and albuminuria from those with normal blood pressure and urine findings.
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