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Abstract 

Background:  Hypertensive disorders of pregnancy including preexisting (or chronic) hypertension are the most 
common complication encountered during pregnancy that contribute significantly to maternal and perinatal mor‑
bidity and mortality. Brain natriuretic peptide (BNP) and copeptin have been investigated as biomarkers in various 
hypertensive disorders, but studies of their clinical value in chronic hypertensive pregnant women are sparce. This 
study aimed to assess the levels of BNP and copeptin in chronic hypertensive pregnant women and investigate their 
correlation with blood pressure (BP) in chronic hypertensive pregnant women in South Western Nigeria.

Methods:  One hundred and sixty consenting pregnant women in their third trimester of pregnancy, grouped into 
those with chronic hypertension (n = 80) and normotensive (n = 80), were recruited for this cross-sectional study. Age 
and clinical characteristics were obtained, and blood was aseptically drawn for BNP and copeptin measurement using 
enzyme-linked immunosorbent assay. Data was analyzed with IBM SPSS ver. 20.0. Data was analyzed using Student 
t-test, chi-square, and Pearson correlation test as appropriate. Statistical significance was set at P < 0.05.

Results:  The mean systolic BP (SBP) and diastolic BP (DBP) were significantly higher in pregnant women with chronic 
hypertension (158.30 ± 3.51 and 105.08 ± 2.47 mmHg, respectively) compared with normotensive pregnant women 
(100.72 ± 3.02 and 70.29 ± 1.96 mmHg, respectively). The mean levels of BNP and copeptin were higher in preg‑
nant women with chronic hypertension (57.26 ± 3.65 pg/mL and 12.44 ± 1.02 pmol/L, respectively) compared with 
normotensive pregnant women (49.85 ± 2.44 pg/mL and 10.25 ± 1.50 pmol/L, respectively) though not statistically 
significant. Correlations observed between SBP and DBP with levels of BNP (r = 0.204, P = 0.200; r = 0.142, P = 0.478) 
and copeptin (r = − 0.058, P = 0.288; r = 0.045, P = 0.907) were not statistically significant.

Conclusions:  There was no association between BP and the levels of BNP and copeptin in pregnant women with 
chronic hypertension who were already on antihypertensive treatment, with the implication that antihypertensive 
treatment may modulate BNP and copeptin release despite significantly elevated BP levels.

Keywords:  Brain natriuretic peptide, Copeptins, Hypertension, Pregnancy

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Hypertensive disorders of pregnancy rank as the sec-
ond most common cause of direct maternal mortality 
[1], with hypertension identified as the most common 
medical complication encountered during pregnancy [2]. 
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Hypertensive disorders of pregnancy include preexist-
ing (or chronic) hypertension, gestational hypertension, 
preeclampsia, and eclampsia. Together, these hyper-
tensive disorders of pregnancy contribute significantly 
to maternal and perinatal morbidity and mortality, and 
account for over 30,000 global maternal deaths annu-
ally and 10 to 15% of maternal deaths in low-income and 
middle-income countries [3, 4].

The American College of Obstetrics and Gynecology 
defined chronic hypertension in pregnancy as systolic 
blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood 
pressure (DBP) ≥ 90 mmHg before pregnancy or, in rec-
ognition that many women seek medical care only once 
pregnant, before 20 weeks of gestation, use of antihyper-
tensive medications before pregnancy, or persistence of 
hypertension for > 12 weeks after delivery [5]. Chronic 
hypertension is estimated to affect 3% of pregnancies 
with an increased risk of superimposed preeclampsia 
among pregnant women with chronic hypertension com-
pared to the general pregnant population [6, 7]. Adverse 
perinatal outcomes such as stillbirth, fetal growth restric-
tion, and prematurity are also more common in women 
with chronic hypertension [8, 9].

Chronic hypertension is primary in approximately 80 
to 90% of cases, and in 10 to 20% of cases, secondary to 
collagen vascular disease, renal, endocrine, or vascu-
lar disorders [10]. There has been a trend of increasing 
prevalence of chronic hypertension in pregnancy, with 
this increasing prevalence attributed to growing rates of 
obesity and delay in childbearing ages [11]. Blacks have 
been reported to have a higher prevalence of chronic 
hypertension [12] with the onset of the condition occur-
ring at even younger ages in blacks than in Caucasians 
[13]. The burden of cardiovascular disease continues to 
be enormous in most countries, hence it is important 
to identify individuals at higher risk using highly sensi-
tive and specific biomarkers in a bid to prevent morbid-
ity or mortality more so in pregnancy with its attendant 
complications.

Several biomarkers have shown potential for use in 
risk prediction and stratification, diagnosis, prognostica-
tion, and treatment monitoring in various clinical condi-
tions [14]. Brain natriuretic peptide (BNP) and copeptin 
have been previously associated with adverse pregnancy 
outcomes in women with hypertensive disorders of 
pregnancy [15, 16]. It has been shown that plasma BNP 
concentrations are progressively elevated with increas-
ing severity of hypertension particularly in patients with 
left ventricular hypertrophy and hence, may be a marker 
for hypertensive ventricular hypertrophy [17]. Copeptin, 
on the other hand, is an important marker for identify-
ing high-risk patients and for predicting outcomes in a 
variety of diseases including advanced heart failure [18], 

critically ill patients suffering from hemorrhagic and 
septic shock [19], and acute exacerbations of chronic 
obstructive pulmonary disease [20]. It is used as a sur-
rogate marker for arginine vasopressin release and rou-
tine use was encouraged by the development of a suitable 
assay.

A previous study demonstrated that median BNP val-
ues are < 20 pm/mL and remain stable throughout nor-
mal pregnancy but are elevated in severe preeclampsia 
[21]. Santillan and associates also demonstrated that ele-
vated maternal plasma copeptin is a significant predictor 
of preeclampsia as early as 6 weeks of pregnancy, improv-
ing care and potentially leading to the development of 
preventive measures [22]. Serum copeptin level in the 
third trimester was also shown to predict preeclampsia 
and its elevation was associated with adverse perina-
tal outcome [23]. In these previous studies, the levels of 
these potential biomarkers were not investigated in rela-
tion to chronic or preexisting hypertension in pregnancy 
to understand how sustained management of hyperten-
sion prior to or during pregnancy may affect their levels.

This present study was aimed at assessing levels of BNP 
and copeptin in chronic hypertensive pregnant women 
and to investigate the correlation between blood pres-
sure (BP) and the levels of BNP and copeptin in chronic 
hypertensive pregnant women in South Western Nigeria.

Methods
Participants
This cross-sectional study was conducted at the ante-
natal clinic of the University College Hospital, Ibadan, 
Nigeria and involved pregnant women in their third tri-
mester of pregnancy (27–40 weeks gestational age). This 
study was approved by the Research Ethics Committee 
of the University of Ibadan/University College Hospital 
(No. UI/EC/16/0452). Written informed consent was also 
obtained from study participants before inclusion in this 
study.

One hundred and sixty consenting pregnant women 
aged 18 years and above were recruited over a 7-month 
period between June and December 2017. They com-
prised of 80 pregnant women with chronic hyperten-
sion and 80 normotensive pregnant women. Pregnant 
women with congestive heart failure, stroke, known his-
tory of renal insufficiency, smoking, thyrotoxicosis, or 
evidence of superimposed preeclampsia at time of enroll-
ment were excluded from this study. Pregnant women in 
the third trimester of pregnancy attending the antenatal 
clinic at the University College Hospital, Ibadan, Nigeria 
were consecutively recruited for this study. An attending 
nurse took their BP reading, and an attending physician 
obtained their clinical history, paying particular atten-
tion to history of hypertension or any other hypertensive 
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disorder. Pregnant women with known history of hyper-
tension and/or antihypertensive drug use were recruited 
into the chronic hypertension group where as pregnant 
women with no history of hypertension and BP reading 
< 140/90 mmHg were recruited into the normotensive 
group. BP was measured using a mercury sphygmoma-
nometer (Shanghai Healthcare International Trading, 
Shanghai, China) with the participant seated in a com-
fortable position and the arm resting at the level of the 
heart. The American College of Obstetrics and Gynecol-
ogy recommends that in women with chronic hyperten-
sion in pregnancy who are on antihypertensive therapy, 
BP should be maintained between 120/80 mmHg and 
160/105 mmHg. BP 160/105 mmHg was used as the cut-
off to classify chronic hypertensive pregnant women 
with BP < 160/105 mmHg as good BP control and those 
≥160/105 mmHg as poor BP control.

Sample collection and analysis
A total of 6 mL of blood was drawn from each partici-
pant after obtaining written informed consent. Of the 
6 mL, 2 mL was carefully dispensed into a plastic ethylen-
ediaminetetraacetic acid (EDTA) bottle (for BNP estima-
tion), 2 mL into a plain bottle (for copeptin estimation), 
and 2 mL was dispensed into a lithium heparin bottle 
(for creatinine estimation). Blood specimen bottles were 
transported to the laboratory immediately, centrifuged at 
3000 g for 15 minutes, and plasma and serum respectively 
were obtained. In addition, 5 mL of random midstream 
urine was collected for urinalysis using dipstick method 
(Rapid Labs, Colchester, UK). Plasma and serum samples 
were stored at − 20 °C before analysis. Serum copeptin 
and plasma BNP levels were measured using enzyme-
linked immunosorbent assay (Elabscience Biotechnology, 
Houston, TX, USA) while estimation of serum creatinine 
was done using the creatininase enzymatic method.

Statistical analysis
Statistical analysis was done using IBM SPSS ver. 20.0 
(IBM Corp., Armonk, NY, USA) and data was presented 
as mean ± standard error of the mean. Student t-test was 
used for mean comparison of variables between groups. 
Chi-square and Pearson correlation were used to test the 
association between qualitative and quantitative variables 
respectively. A P-value less than 0.05 (two-tailed) was 
considered to be statistically significant.

Results
History of hypertension in the chronic hypertensive 
pregnant women dated back to an average of 2 years 
prior to pregnancy and they had all been on antihy-
pertensive drugs (Table  1). None of the participants 

had a history of gestational diabetes mellitus or stroke 
prior to index pregnancy, nor history of smoking. One 
participant (1.3%) had a history of excessive sweating; 
however, other features were not in keeping with thy-
roid dysfunction. Thirty-seven women (23%) had pro-
teinuria ranging from trace to one plus, but these were 
likely transient as the test read negative at a subsequent 
repeat 1 week later (Table 1).

The mean ages were 34.51 ± 0.72 years and 32.87 ± 0.88 years 
for chronic hypertensive and normotensive pregnant women, 
respectively (P = 0.152) (Table  2). The mean SBP and DBP 
were significantly higher in women with chronic hyperten-
sion compared to normotensive pregnant women (P < 0.05) 
(Table 2). There was no statistically significant difference in the 
mean levels of creatinine in chronic hypertensive compared 
with normotensive pregnant women (P = 0.203) (Table  2). 
The mean levels of BNP and copeptin were higher in pregnant 
women with chronic hypertension compared to normotensive 
pregnant women though not statistically significant (P = 0.093 
and P = 0.230, respectively) (Table 2).

Thirty-eight women (47.5%) with chronic hyperten-
sion had BP ≥ 160/105 mmHg (Table  3). Comparison 
of the mean levels of creatinine, copeptin, and BNP 
showed no significant difference between chronic hyper-
tensive pregnant women with BP ≥ 160/105 mmHg 
compared to chronic hypertensive pregnant women 
with BP < 160/105 mmHg (Table 4). There was a statisti-
cally insignificant positive correlation between SBP and 
DBP with levels of BNP (r = 0.204, P = 0.200; r = 0.142, 
P = 0.478) (Table 5). There was a statistically insignificant 
negative correlation between SBP with levels of copeptin 

Table 1  Clinical characteristics of chronic hypertensive and 
normotensive pregnant women

* P < 0.05

Characteristic Chronic 
hypertensive

Normotensive P-value

History of hypertension 80 (100.0) – < 0.001*

  1–2 Yr before pregnancy 26 (32.5) –

   > 2 Yr before pregnancy 54 (67.5) –

Antihypertensive use 80 (100.0) – < 0.001*

History of leg swelling 1 (1.3) – 0.316

Known diabetic – – > 0.999

Gestational diabetes mellitus – – > 0.999

History of stroke – – > 0.999

Excessive sweating 1 (2.0) – 0.316

Smoking – – > 0.999

Urinary protein 36 (45.0) 1 (1.3) < 0.001*

  Trace 9 (11.3) 1 (1.3)

  + 27 (33.7) –
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(r = − 0.058, P = 0.288) (Table 5) and a statistically insig-
nificant positive correlation between DBP with levels of 
copeptin (r = 0.045, P = 0.907) (Table 5).

Discussion
Pregnancy has been associated with substantial decrease 
in peripheral resistance as early as 5 weeks of gestation, 
with many women with prepregnancy chronic hyperten-
sion reported to have normalization in their BP inde-
pendent of antihypertensive treatment [24]. However, 
there is evidence of raised BP (SBP > 140 mmHg and/or 
DBP > 90 mmHg) among chronic hypertensive pregnant 
women on antihypertensive medication [25]. This present 
study showed significantly higher SBP and DBP in preg-
nant women with chronic hypertension compared with 
controls. This supports the findings of Nzelu et  al. [25] 
who reported elevated BP in 28.5% of the chronic hyper-
tensive pregnant women studied. Increased BP observed 
in these pregnant women puts them at significant risk of 
development of severe hypertension and other pregnancy 
complications. Hence, there is a need for close monitor-
ing of BP levels in pregnant women with chronic hyper-
tension in a bid to foster proper BP control.

It is recommended that in women with chronic hyper-
tension in pregnancy who are on antihypertensive ther-
apy, BP should be maintained between 120/80 mmHg 
and 160/105 mmHg [5], However, this study revealed 
that about 47.5% had BP ≥ 160/105 mmHg despite anti-
hypertensive treatment suggesting poor control of BP. 
The reason for this is unclear as all the women indicated 
compliance with medications. A possible explanation is 
that genetic factors or influences may play a role in the 
suboptimal response to antihypertensive treatment in 
this environment, although poor compliance may not 
be completely ruled out. Furthermore, poor BP control 
observed could also be due to the type and class of anti-
hypertensive medication used by these women. This also 
buttresses the need for personalized care to achieve more 
efficient management of medical conditions.

There was no statistically significant difference in the 
levels of plasma BNP between chronic hypertensives 
and normotensive pregnant women. This agrees with 
the study by Whitcomb et  al. [26] who found that BNP 
levels were equivalent between normal and chronic 

Table 2  Comparisons of mean values of chronic hypertensive pregnant women with normotensive pregnant women

* P < 0.05

Variable Chronic hypertensive Normotensive P-value

Age (yr) 34.51 ± 0.72 32.87 ± 0.88 0.152

Gestational age (wk) 32.80 ± 0.50 31.96 ± 0.43 0.205

Systolic blood pressure (mmHg) 158.30 ± 3.51 100.72 ± 3.02 < 0.001*

Diastolic blood pressure (mmHg) 105.08 ± 2.47 70.29 ± 1.96 < 0.001*

Creatinine (mg/dL) 0.85 ± 0.07 0.74 ± 0.05 0.203

Copeptin (pmol/L) 12.44 ± 1.02 10.25 ± 1.50 0.230

Brain natriuretic peptide (pg/mL) 57.26 ± 3.65 49.85 ± 2.44 0.093

Table 3  Classification of blood pressure of chronic hypertensive 
pregnant women based on American College of Obstetrics and 
Gynecology recommended blood pressure target

Blood pressure level (mmHg) Frequency (%)

< 160/105 42 (52.5)

≥160/105 38 (47.5)

Table 4  Comparison of biochemical parameters between 
chronic hypertensive pregnant women with BP ≥ 160/105 mmHg 
and those with BP < 160/ 105 mmHg

BP Blood pressure

Variable BP ≥ 160/105 mmHg BP < 160/105 mmHg P-value

Creatinine 
(mg/dL)

0.81 ± 0.05 0.75 ± 0.06 0.405

Copeptin 
(pmol/L)

12.15 ± 0.91 11.88 ± 1.00 0.843

Brain natriuretic 
peptide (pg/mL)

59.48 ± 3.34 55.94 ± 4.21 0.518

Table 5  Correlation of blood pressure with serum copeptin and 
plasma brain natriuretic peptide of participants

SBP systolic blood pressure, DBP Diastolic blood pressure

Variable Chronic hypertensive Normotensive

SBP DBP SBP DBP

Brain natriuretic peptide

  r 0.204 0.142 0.165 −0.060

  P-value 0.200 0.478 0.352 0.774

Copeptin

  r −0.058 0.045 0.297 0.198

  P-value 0.288 0.907 0.076 0.300
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hypertensives. This observation may be explained by the 
fact that these women have been on antihypertensive 
medications which possibly have modulatory effects on 
BNP release. Again, chronic hypertensives without super-
imposed preeclampsia would most likely not have acute 
stress to the heart, hence no significant increase in BNP 
release as demonstrated in a previous study [27]. Also, 
no significant difference in mean plasma copeptin levels 
was observed between women with chronic hypertensive 
and the normotensive controls. The pathophysiology is 
unclear but modulation of the hypothalamic-pituitary-
adrenal axis by antihypertensive agents could be a factor. 
The hypothalamic-pituitary-adrenal axis has been sug-
gested as one of the mediators of the association between 
copeptin and hypertensive disorders [28].

We observed that there was no statistically significant 
correlation between the BP levels and plasma BNP lev-
els in women with chronic hypertension. This disagrees 
with the findings of Estrada et al. [29] and Eguchi et al. 
[30], who found a significant positive correlation between 
BP levels and BNP levels, and proposed that BNP lev-
els may be used as a marker of BP control. In this study, 
patients with chronic hypertension who were on antihy-
pertensives did not show elevated BNP levels as would be 
expected for their levels of BP which does not support the 
potential clinical application of BNP in the monitoring of 
the adequacy of treatment as demonstrated in a previous 
study [29]. This finding suggests that antihypertensive 
treatment may possibly have modulatory effect on BNP 
release, and is in agreement with the findings of Esunge 
et al. [31] as well as Resnik et al. [21] who demonstrated 
that antihypertensive treatment lowers plasma BNP lev-
els. The fact that some antihypertensive medications may 
cause neurohormonal modification, left ventricular ejec-
tion fraction improvement, arrhythmia prevention, and 
ventricular rate control [32], which may culminate in 
reduction of cardiac wall stretch thereby reducing BNP 
release, may proffer an explanation for this observation.

This study has implications for the clinical manage-
ment of chronic hypertensive pregnant women. It dem-
onstrates that third trimester levels of BNP and copeptin 
in chronic hypertensive pregnant women already on anti-
hypertensive medication are not indicative of BP control 
nor do they distinguish the chronic hypertensive preg-
nant women from normotensive pregnant women.

Conclusions
There was no association between BP and the levels of 
BNP and copeptin in pregnant women with chronic 
hypertension who were already on antihypertensive 
treatment, with the implication that antihypertensive 
treatment may modulate BNP and copeptin release 
despite significantly elevated BP levels.

This study has significant limitations including its small 
sample size and the cross-sectional study design. A lon-
gitudinal study design would have allowed the authors 
assess pregnancy outcomes and its associations both 
with the levels of BNP and copeptin as well as the third 
trimester BP levels. In addition, patient’s self-report of 
antihypertensive medication compliance may have intro-
duced some recall bias. Future studies with a larger pop-
ulation are encouraged to validate these findings as well 
as to unravel the pathophysiology and possible genetic 
mechanisms behind the association between the levels of 
BNP and copeptin with BP control in pregnant women 
with chronic hypertension.

Abbreviations
BP: Blood pressure; BNP: Brain natriuretic peptide; DBP: Diastolic blood pres‑
sure; SBP: Systolic blood pressure.

Acknowledgements
We highly appreciate the Department of Chemical Pathology and the Depart‑
ment of Obstetrics and Gynaecology of University College Hospital, Ibadan, 
Nigeria. The resident doctors in the Department of Chemical Pathology and 
all the study participants are also very well appreciated for their cooperation 
in this study.

Authors’ contributions
CJO: conceptualization, research design, data collection, draft manuscript 
preparation, approval of final draft; KSA: research design and oversight, draft 
manuscript preparation, approval of final draft; OOB: research design and 
oversight, participant recruitment, review of draft, approval of final draft; 
IAM: draft manuscript preparation, approval of final draft; VCO: management 
and coordination responsibility for the research; CZU: data collation and 
analysis, approval of final draft; CEN: draft manuscript preparation, approval 
of final draft; UAN: draft manuscript preparation, approval of final draft; CEU: 
Draft manuscript preparation, approval of final draft; EJA: draft manuscript 
preparation, approval of final draft. The author(s) read and approved the final 
manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was approved by the Research Ethics Committee of University of 
Ibadan/University College Hospital (No. UI/EC/16/0452). Written informed con‑
sent was also obtained from study participants before inclusion in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Chemical Pathology, University College Hospital, Ibadan, 
Nigeria. 2 Department of Obstetrics and Gynaecology, University College Hos‑
pital, Ibadan, Nigeria. 3 Department of Chemical Pathology, University of Nige‑
ria Teaching Hospital, Enugu, Nigeria. 4 Department of Radiation Medicine, 
University of Nigeria Teaching Hospital, Enugu, Nigeria. 5 Department of Medi‑
cal Biochemistry & Molecular Biology, University of Nigeria, Enugu, Nigeria. 



Page 6 of 6Okwor et al. Clinical Hypertension           (2022) 28:37 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 31 March 2022   Accepted: 1 August 2022

References
	1.	 Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D, et al. 

Saving mothers’ lives: reviewing maternal deaths to make motherhood 
safer: 2006–2008. The eighth report of the Confidential Enquiries into 
Maternal Deaths in the United Kingdom. BJOG. 2011;118(Suppl 1):1–203.

	2.	 Vest AR, Cho LS. Hypertension in pregnancy. Cardiol Clin. 2012;30:407–23.
	3.	 Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, et al. 

Preeclampsia and future cardiovascular health: a systematic review and 
meta-analysis. Circ Cardiovasc Qual Outcomes. 2017;10:e003497.

	4.	 Hafez SK, Dorgham LS, Sayed SA. Profile of high risk pregnancy among 
Saudi women in Taif-KSA. World J Med Sci. 2014;11:90–7.

	5.	 Task Force on Hypertension in Pregnancy. Hypertension in pregnancy. 
Washington, DC: American College of Obstetricians and Gynecologists; 
2013.

	6.	 Bateman BT, Bansil P, Hernandez-Diaz S, Mhyre JM, Callaghan WM, Kuklina 
EV. Prevalence, trends, and outcomes of chronic hypertension: a nation‑
wide sample of delivery admissions. Am J Obstet Gynecol. 2012;206:134.

	7.	 Bramham K, Parnell B, Nelson-Piercy C, Seed PT, Poston L, Chappell LC. 
Chronic hypertension and pregnancy outcomes: systematic review and 
meta-analysis. BMJ. 2014;348:g2301.

	8.	 Allen VM, Joseph K, Murphy KE, Magee LA, Ohlsson A. The effect of hyper‑
tensive disorders in pregnancy on small for gestational age and stillbirth: 
a population based study. BMC Pregnancy Childbirth. 2004;4:17.

	9.	 Chappell LC, Enye S, Seed P, Briley AL, Poston L, Shennan AH. Adverse per‑
inatal outcomes and risk factors for preeclampsia in women with chronic 
hypertension: a prospective study. Hypertension. 2008;51:1002–9.

	10.	 Sibai BM, Ghulmiyyah LM. Controlling chronic hypertension in preg‑
nancy. OBG Manag. 2006;18:41.

	11.	 Mustafa R, Ahmed S, Gupta A, Venuto RC. A comprehensive review of 
hypertension in pregnancy. J Pregnancy. 2012;2012:105918.

	12.	 Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treat‑
ment, and control of hypertension, 1988-2008. JAMA. 2010;303:2043–50.

	13.	 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, 
et al. Seventh report of the joint National Committee on prevention, 
detection, evaluation, and treatment of high blood pressure. Hyperten‑
sion. 2003;42:1206–52.

	14.	 Chan D, Ng LL. Biomarkers in acute myocardial infarction. BMC Med. 
2010;8:34.

	15.	 Akinlade KS, Adediji IO, Rahamon SK, Fawole AO, Tongo OO. Serum 
copeptin and pregnancy outcome in preeclampsia. Niger Med J. 
2015;56:362–8.

	16.	 Tanous D, Siu SC, Mason J, Greutmann M, Wald RM, Parker JD, et al. B-type 
natriuretic peptide in pregnant women with heart disease. J Am Coll 
Cardiol. 2010;56:1247–53.

	17.	 Takeda T, Kohno M. Brain natriuretic peptide in hypertension. Hypertens 
Res. 1995;18:259–66.

	18.	 Adamu YM, Salihu HM, Sathiakumar N, Alexander GR. Maternal mortality 
in northern Nigeria: a population-based study. Eur J Obstet Gynecol 
Reprod Biol. 2003;109:153–9.

	19.	 Tukur J, Umar BA, Rabi’u A. Pattern of eclampsia in a tertiary health 
facility situated in a semi-rural town in northern Nigeria. Ann Afr Med. 
2007;6:164–7.

	20.	 Lanre-Abass BA. Poverty and maternal mortality in Nigeria: towards 
a more viable ethics of modern medical practice. Int J Equity Health. 
2008;7:11.

	21.	 Resnik JL, Hong C, Resnik R, Kazanegra R, Beede J, Bhalla V, et al. Evalua‑
tion of B-type natriuretic peptide (BNP) levels in normal and preeclamptic 
women. Am J Obstet Gynecol. 2005;193:450–4.

	22.	 Stoiser B, Mörtl D, Hülsmann M, Berger R, Struck J, Morgenthaler NG, et al. 
Copeptin, a fragment of the vasopressin precursor, as a novel predictor of 
outcome in heart failure. Eur J Clin Investig. 2006;36:771–8.

	23.	 Lipinski MJ, Escárcega RO, D’Ascenzo F, Magalhães MA, Baker NC, 
Torguson R, et al. A systematic review and collaborative meta-analysis to 
determine the incremental value of copeptin for rapid rule-out of acute 
myocardial infarction. Am J Cardiol. 2014;113:1581–91.

	24.	 Longo LD. Maternal blood volume and cardiac output during preg‑
nancy: a hypothesis of endocrinologic control. Am J Phys. 1983;245(5 Pt 
1):R720–9.

	25.	 Nzelu D, Dumitrascu-Biris D, Nicolaides KH, Kametas NA. Chronic hyper‑
tension: first-trimester blood pressure control and likelihood of severe 
hypertension, preeclampsia, and small for gestational age. Am J Obstet 
Gynecol. 2018;218:337.e1–7.

	26.	 Whitcomb E, Resnik J, Moore T, Resnik R, Agent S, Beede J, et al. Evalua‑
tion of B-type natriuretic peptide (BNP) levels in patients at elevated risk 
for preeclampsia. Am J Obstet Gynecol. 2005;193:S79.

	27.	 Lai M, Schachter A, Heard AJ, Grant J, Hagan J, Stafford IA. B-type 
natriuretic peptide (BNP) and hypertensive disorders in pregnancy [31H]. 
Obstet Gynecol. 2019;133:92S–3S.

	28.	 Zulfikaroglu E, Islimye M, Tonguc EA, Payasli A, Isman F, Var T, et al. Circu‑
lating levels of copeptin, a novel biomarker in pre-eclampsia. J Obstet 
Gynaecol Res. 2011;37:1198–202.

	29.	 Estrada V, Téllez MJ, Moya J, Fernández-Durango R, Egido J, Fernández 
Cruz AF. High plasma levels of endothelin-1 and atrial natriuretic peptide 
in patients with acute ischemic stroke. Am J Hypertens. 1994;7:1085–9.

	30.	 Eguchi K, Kario K, Shimada K, Mori T, Nii T, Ibaragi K. Circadian variation 
of blood pressure and neurohumoral factors during the acute phase of 
stroke. Clin Exp Hypertens. 2002;24:109–14.

	31.	 Esunge PM. From blood pressure to hypertension: the history of research. 
J R Soc Med. 1991;84:621.

	32.	 Kotchen TA. Historical trends and milestones in hypertension research: 
a model of the process of translational research. Hypertension. 
2011;58:522–38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Assessment of brain natriuretic peptide and copeptin as correlates of blood pressure in chronic hypertensive pregnant women
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Sample collection and analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


