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Aims To correlate the relationship between the ambulatory blood pressure param-
eters and the occurrence of the antenatal and postnatal adverse maternofetal events 
in pregnancy.
Methods Observational study designed for 50 pregnant patients who had an 
appointment to the obstetrics with abnormal blood pressure (BP) measurements and 
for whom ambulatory blood pressure monitoring (ABPM) was studied between  January 
2019 and June 2019. Data about age, personal history, obstetrics, family, body mass 
index (BMI), weight gain in pregnancy, values of blood pressure in the appointment, 
values recorded in ABPM, delivery and newborn, pregnancy and postpartum events, 
and follow-up of woman and child. Data were analyzed using descriptive and inferen-
tial statistics with Minitab 17.0 for Windows.
Results Patients demographic data, clinical history, and laboratory results, including 
the ABPM parameters, were compiled. Antenatal complications occurred in 22 patients 
(44%), and postpartum complications were found in 41 patients (82%) whose ABPM 
values were deranged. Antenatal complications were studied using the binary logistic 
regression analysis for calculating the role each factor played in the development of 
hypertension. In the sample studied, mean age was 24.980 with a standard deviation 
of 4.876 (p = 0.003; minimum age of 19 years and maximum age of 38 years), mean 
weight of patient was 63.71 with a standard deviation of 63.71 (p = 0.001), mean grav-
ida was 1.780 with a standard deviation of 0.910 (p = 0.034), mean gestation weeks at 
presentation was 33.000 weeks with a standard deviation of 4.086 (p = 0.041), mean 
birth weight was 2.226 with a standard deviation of 0.797 (p = 0.000), mean maxi-
mum diastole was 109.22 with a standard deviation of 16.53 (p = 0.002), mean day 
maximum systole was 187.2 with a standard deviation of 203.5 (p = 0.009), mean day  
minimum diastole was 63.50 with a standard deviation of 12.99 (p = 0.013), all of 
which had statistical significance. It is found that the nighttime diastolic blood pres-
sure (DBP) and daytime maximum systolic blood pressure (SBP) were the best predic-
tors of adverse events. Among antenatal complications (ANC), the most common com-
plication is intrauterine growth restriction (IUGR), noted in (n = 19, 86.36%) preterm 
delivery (n = 17, 77.27%) among the 17 babies who were delivered preterm; 12 (70.5%) 
 needed neonatal intensive care unit (NICU) care of which 4 (25%) babies died because 
of prematurity; intrauterine death (IUD) was noted in 7 (31.81%) patients and eclampsia 
was seen in 5 (22.72%). Nondippers proðle had a worse survival rate at follow-up until 
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Introduction

Hypertension, being one of the commonly occurring diseases 
in the world, is emerging as the leading cause of premature 
morbidity and mortality globally. Office blood pressure (BP) 
readings will not reflect the patient's true BP, with the possible 
limitations of false high or low BP recordings. Ambulatory blood 
pressure monitoring (ABPM), which has the additional benefit 
of detecting the dynamic variability of BP, along with decreas-
ing possible false recordings in the clinical settings, is the better 

predictor of major cardiovascular events. Absence of nocturnal 
dip in BP is an independent predictor of poor outcome.

Studies of ABPM have shown that cardiac complications 
of essential hypertension (left ventricular hypertrophy and 
stroke) are more frequently noted in patients whose 24-hour 
BP is flattened (nondippers); so, these patients are exposed 
to a longer duration of high BP throughout the day. If daytime 
period is taken as 0600 to 2200 hours and nighttime period is 
taken as 2200–0600 hours, and the patients with hyperten-
sion whose nocturnal reduction of less than 10% in average 

delivery compared with those with a dipper proðle. Postnatal complications were seen 
in 41 patients; among them, 13 patients (31.7%) had abnormal fundus examination, 
15 patients (36.58%) required usage of antihypertensive beyond first postpartum, 9 
patients (21.95%) required blood transfusion for severe bleeding in the form of post-
partum hemorrhage. Binary logistic regression for systolic dippers versus nondippers 
shows statistical significance in age (p = 0.023), weight (p = 0.038), and para (p = 0.045) 
(►Table 3). Binary logistic regression for diastolic dippers versus nondippers shows sta-
tistical significance in age (p = 0.039), weight (p = 0.020), birth weight (p = 0.010), max-
imum heart rate (p = 0.043), and ANC (p = 0.007) Adverse events occurred most com-
monly in nondippers. Systole nondippers is noted in (n = 41, 82%). Dippers is noted in (n 
= 9, 18%), Diastole nondippers is noted in (n = 39, 78%) Dippers is noted in (n = 11, 22%).
Conclusion ABPM recorded blood pressure is very precise. ABPM is the advised 
method for both diagnostic and therapeutic monitoring of hypertensive pregnan-
cy diseases, mainly in situations like whitecoat hypertension, masked hypertension, 
nocturnal hypertension, and nondipping profile. In patients with high-risk pregnan-
cy, elderly primigravida, and precious pregnancy, who have a high-risk of developing 
pregnancy-induced hypertension (PIH) and related complications, early use of ABPM 
predicts adverse maternofetal events, which when intervened at an earlier date can 
prevent antenatal and postnatal complications.
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daytime systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) are classed as nondippers, the prevalence of 
these nondippers among patients with essential hyperten-
sion is around 35%. Left ventricular mass is greater in nondip-
pers than in dippers among women, but not in men. About 6 
to 10% of pregnancies are complicated by pregnancy induced 
hypertension (PIH), and 1 to 5% of pregnancies1 are compli-
cated by preexisting hypertension (HTN). The definition of 
hypertension in pregnancy is based on absolute BP values 
(SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg), and distinguishes 
mildly (140–159/90–109 mm Hg) or severely (≥160/110 mm 
Hg) elevated BP. For diagnosis, at least two recordings are 
taken at least 4 hours apart, but in severe cases, recordings 
are taken within minutes for confirmation.2 Conventional BP 
measures used for the diagnosis of HTN and the therapeutic 
efficacy of drugs.

BP measurements have some limitations when measured 
randomly, as it represents minimal circadian BP profile, effect 
of white coat, and technique which has potential failures.

Whitecoat hypertension, which is high-clinic BP but nor-
mal out-office BP in untreated and mixed patients, is linked 
with long-term adverse events of cardiovascular disease 
when compared with normotension people.3

ABPM is the method of recording blood pressure measure-
ments for 24 hours and evaluating the circadian rhythm and 
various parameters like mean BP, pressure loads, areas under 
the curve, variations between daytime and night time, and 
pulse pressure variability.4 Nocturnal hypertension is defined 
as a BP more than 110/65 mm Hg (lowered from the earlier 
value of ≥120/70 mm Hg at night) as per ACC/AHA 2017 guide-
lines.5 From the Spanish ambulatory blood pressure monitor-
ing registry, the prevalence of nocturnal HTN was more than 
40% in the untreated, and 50% in the treated group. Noctur-
nal dipping is most commonly seen in females, but nocturnal 
HTN is more commonly seen in the male population.6

Therefore, 24-hour ambulatory monitoring is one of 
the best predictors of cardiovascular risk in the individual 
patient and nighttime, pulse pressure variability. Moreover, 

it is the only method for describing the circadian rhythm of 
blood pressure accurately, which is even more important 
when considering pregnant women.7

HTN is the most common complication seen during a com-
plicated pregnancy, which can manifest as gestational HTN, 
preeclampsia, chronic HTN, or preeclampsia superimposed 
on chronic HTN. During pregnancy, women who are present-
ing with HTN-related complications have an increased risk of 
subsequent cardiovascular diseases later in life.8

PIH is one of the important causes of maternal, fetal, 
and neonatal mortality and morbidity, according to WHO 
reports. Women who present with PIH are at an increased 
risk of abruption placentae, cerebrovascular events, end-or-
gan failure, and disseminated intravascular coagulation. 
Fetus of mother who present with PIH are at an increased risk 
of developing intrauterine growth restriction (IUGR), prema-
turity, and intrauterine death (IUD).9

HTN diagnosed by ABPM is better than office BP record-
ings in predicting adverse maternofetal events in pregnancy.

Aims
To correlate the relationship between the ambulatory BP 
parameters and the occurrence of the antenatal and postna-
tal adverse maternofetal events in pregnancy.

Methods
Observational studies designed for 50 pregnant patients, who 
have a regular antenatal checkup in the obstetrics depart-
ment with abnormal BP measurements and were selected 
for ABPM, were enrolled for the study between January 2019 
and June 2019. Data about age, demographic data, personal 
history, obstetrics history, family history, body mass index 
(BMI), weight gain in pregnancy, blood pressure recordings 
at every appointment, ABPM parameters, pregnancy details, 
antenatal, intrapartum and postpartum events, and postpar-
tum follow-up of woman and child were collected.

Fig. 1 Distribution of antenatal and postnatal complications.
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ABPM parameters are recorded by wearing on the non-
dominant arm a portable BP measuring device which is left 
for a 24 to 25-hour period, so as to record the information 
pertaining to BP during day and night routine activities and 
sleep. The patient is asked to document the information 
regarding the symptoms and events that may alter BP and 
details regarding times of drug ingestion, food intake, and 
going to and getting up from bed.

In clinical practice, recordings are taken at 15-minute 
intervals during the day and every 30 minutes overnight. 
The measurements are downloaded, so analyses of various 
parameters can be performed. Recordings are taken if, at 
least, 70% of daytime and night time recorded BP measure-
ments are satisfactory, or else the test should be repeated.

Data was compiled, and analyzed using descriptive and 
inferential statistics with Minitab 17.0.

Results
Patients demographic data, clinical history, and laborato-
ry results, including the ABPM parameters, were compiled. 
Antenatal complications occurred in 22 patients (44%) post-
partum complications found in 41 patients (82%) whose 
ABPM values are deranged (►Fig.  1). Antenatal complica-
tion’s studied using the binary logistic regression analysis for 
calculating the role each factor played in the development 
of hypertension in the sample studied mean age was 24.980 
with a standard deviation of 4.876 (p = 0.003)(minimum age 
of 19years and maximum age of 38 years), mean weight of 
patient was 63.71 with a standard deviation of 63.71 (p = 
0.001), mean gravida was 1.780 with a standard deviation of 

Table 2  Binary logistic regression for antenatal complications

Variable p-Value

Age (yrs.) 0.003

Weight (kg) 0.001

Gravida 0.034

Present gestation (weeks) 0.039

Birth weight (kgs) 0.000

Maximum diastole (mm Hg) 0.002

Day maximum systole (mm Hg) 0.009

Day minimum diastole (mm Hg) 0.013

Fig. 2 Distribution of antenatal complications.

Table 3  binary logistic regression for systolic dippers versus 
nondippers

Variable p-Value

Age (yrs.) 0.023

Weight (kg) 0.038

Para 0.045

Table 4  Binary logistic regression for diastolic dippers versus 
nondippers

Variable p-Value

Age (yrs.) 0.039

Weight (kg) 0.020

Birth Weight (kgs) 0.010

Maximum heart rate (bpm) 0.043

Antenatal complications 0.007

Table 1  Descriptive statistics of study parameters

Variable Mean ± St. Dev.

Age (yrs.) 24.98 ± 4.87

Height (cm) 160.6 ± 43.2

Weight (kg) 63.71 ± 11.72

BMI 26.26 ± 5.08

Gravida 1.78 ± 0.91

Present Gestation (weeks) 33.00 ± 4.086

Birth Weight (kgs) 2.22 ± 0.79

Maximum systole (mm Hg) 152.40 ± 36.06

Maximum diastole (mm Hg) 109.22 ± 16.53

Day maximum systole (mm Hg) 187.2± 203.5

Day maximum diastole (mm Hg) 108.08 ± 13.77

Day minimum systole (mm Hg) 106.38 ± 13.64

Day minimum diastole (mm Hg) 63.50 ± 12.99

Abbreviation: BMI, body mass index.
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0.910 (p = 0.034), mean gestation weeks at presentation was 
33.000 weeks with a standard deviation of 4.086 (p = 0.041), 
mean birth weight was 2.226 with a standard deviation of 
0.797(p = 0.000), mean maximum diastole was 109.22 with 
a standard deviation of 16.53(p = 0.002), mean day maxi-
mum systole was 187.2 with a standard deviation of 203.5 
(p = 0.009), mean day minimum diastole was 63.50 with a 
standard deviation of 12.99 (p = 0.013) all of which had sta-
tistical significance(►Table  1,  2). It is found that the night 
time DBP, day time maximum SBP were the best predictors 
of adverse maternofetal events. Among the antenatal compli-
cations (ANC), the most commonly noted is IUGR seen in (n = 
19, 86.36%) preterm delivery (n = 17, 77.27%) among the 17 
babies who were delivered preterm 12 (70.5%) needed neo-
natal intensive care unit (NICU) care of which 4 (25%) babies 
died because of prematurity, IUD was noted in 7 (31.81%) 

patients, and eclampsia was seen in 5 (22.72%) (►Fig.  2). 
Binary logistic regression for systolic dippers versus nondip-
pers shows statistical significance in age (p = 0.023), weight 
(p = 0.038), and para (p = 0.045) (►Table 3). Binary logistic 
regression for diastolic dippers versus nondippers shows 
statistical significance in age (p = 0.039), weight (p = 0.020), 
birth weight (p = 0.010) maximum heart rate (p = 0.043), and 
ANC (p = 0.007) (►Table 4).

Adverse maternofetal events occurred most commonly 
in nondippers. Systole nondippers is noted in (n = 41, 82%) 
Dippers is noted in (n = 9, 18%), Diastole nondippers is noted 
in (n = 39, 78%) Dippers is noted in (n = 11, 22%) (►Fig. 3). 
Nondippers profile had worse survival rate at follow-up until 
delivery compared with those with a dipper profile Postnatal 
complications were seen in 41 patients, of whom 13 patients 
(31.7%) had abnormal fundus examination, 15 patients 

Fig. 3 Distribution of systole and diastole dippers and nondippers.

Fig. 4 Postpartum complications.
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(36.58%) required usage of antihypertensive beyond first 
postpartum, and 9 patients (21.95%) required blood transfu-
sion for severe bleeding in the form of postpartum hemor-
rhage (►Fig. 4).

Discussion
The main aim of our study is to demonstrate the value of 
ABPM in diagnosing and treating pregnancy-related HTN 
and also access few predictors of adverse maternal–fetal out-
comes which, when addressed, can improve the outcomes. 
Twenty-four-hour SBPs and DBPs are not constant, which 
show characteristic circadian patterns seen in all individuals, 
including nonpregnant and pregnant women, in response to 
the internal clock and mental and physical activity.

ANCs occurred in 22 patients (44%), and postpartum com-
plications found in 41 patients (82%) with abnormal ABPM 
(►Fig. 1). Women with mean maximum diastole, mean day-
time maximum systole, and mean daytime minimum dias-
tole had significant antenatal complications. Women with 
high nighttime DBP, that is, who do not show the physiologi-
cal dipping of BP, along with daytime maximum SBP, are the 
best predictors for predicting adverse maternofetal events in 
pregnancy. Among ANCs, the most common noted complica-
tion is IUGR, which is seen in (n = 19, 86.36%) preterm deliv-
ery (n = 17, 77.27%), IUD was noted in 7 (31.81%) patients, and 
eclampsia was seen in 5 (22.72%) of women (►Fig. 2). Among 
the 17 babies who were delivered preterm, 12 babies (70.5%) 
needed NICU care, of which 4 (25%) babies died because of 
prematurity and respiratory distress with low-Apgar scores 
(►Fig. 5). Adverse maternofetal events occurred most com-
monly in nondippers. Systole nondippers is noted in (n = 41, 

82%). Dippers is noted in (n = 9, 18%). Diastole nondippers 
is noted in (n = 39, 78%). Dippers is noted in (n = 11, 22%) 
(►Fig. 3). Nondippers profile had worse events at follow-up 
until delivery compared with those with a dipper profile.

Postnatal complications were seen in 41 patients, of whom 
13 patients (31.7%) had abnormal fundus examination and 
were diagnosed with hypertensive retinopathy changes; 15 
patients (36.58%) required usage of antihypertensive beyond 
the first postpartum month, and 9 patients (21.95%) required 
blood transfusion for severe bleeding in the form of postpar-
tum hemorrhage (►Fig. 4).

In 1962, the first published study was important in the 
evaluation of 24-hour ABPM without an observer, using 
a semi-automatic method. ABPM improves the diagnos-
tic approach and the risk prediction in general hyperten-
sive patients, and evidence also supports its usefulness in 
the management of hypertensive pregnancy disorders.10,11  
Five decades ago, Kain et al showed the usefulness of ABPM 
and the ability to measure BP during a patient's routine 
activities.12 ABPM is specifically advised for the identification 
of whitecoat HTN and masked HTN, as it shows an increase 
in daytime BP, nighttime BP, or both. Various studies showed 
that nocturnal BP might be relevant in pregnancy.13 In our 
study, we showed that females who show the absence of 
a physiological decrease in nocturnal BP (nondipper pro-
file), especially the diastolic values, are important causes of 
adverse maternal–fetal events, which present superior and 
independent value in relation to the physiological decrease 
of BP values (dipper profile). According to the MEDLINE data-
base in 2015, which scrutinized various articles from 2015, 
around 2000 studies showed the benefits of ABPM in con-
firming the diagnosis without false positive recordings, prog-
nosis, and assessment of drug efficacy.

ABPM predicts the differing BP recordings throughout the 
gestation period for the healthy normotensive and hyper-
tensive pregnant women. In normal pregnancy, BP gradually 
lowers till the middle of gestational period and then gradu-
ally increases till the day of delivery. In hypertensive preg-
nancy, with either gestational hypertension or preeclampsia, 
patients have constant BP during the first half of pregnancy, 
followed by a continuous linear BP increase till delivery. Stud-
ies have reported gender variations in the 24-hour ABPM and 
heart rate. Men show a lower heart rate and higher BP than 
women, with greater differences noted for SBP than DBP.

ABPM during pregnancy starting as early as first antena-
tal checkup after confirmed pregnancy is helpful in the early 
risk assessment, starting prophylactic or therapeutic medica-
tions, and can be taken as standard for the diagnosis of HTN 
in pregnancy.

ABPM is useful in monitoring BP among pregnant  women, 
especially during the last trimester of pregnancy, with-
out false recordings, by knowing the effect of the circadian 
rhythm on BP recordings. It can predict the outcomes of 
hypertensive patients with pregnancy, subject to increased 
risk of caesarean section.14 Normal values of ABPM in various 
trimesters of pregnancy are known, which are usually higher 
than conventional BP values.14

Fig. 5 Distribution of complications of preterm-born babies.



23Ambulatory Blood Pressure Monitoring Vavilala et al.

Indian Journal of Cardiovascular Disease in Women WINCARS Vol. 6 No. 1/2021 © 2021. Women in Cardiology and Related Sciences.

In our study, nocturnal HTN is the best predictor for the 
development of adverse maternal fetal events in pregnancy 
when it is adjusted for other potential confounders. The noc-
turnal diastolic values are the best predictors, which is statis-
tically significant after adjustment of the other ABPM param-
eters. In the general population, nocturnal HTN is associated 
with end-organ damage and adverse cardiovascular events.  
It appears particularly relevant when considering nondipping 
circadian BP profiles are more commonly seen in preeclampsia.

White coat HTN, which accounts for approximately 30%, 
can be detected by using ABPM according to a study carried 
out by Bellomo et al. Women diagnosed with white coat HTN 
can stop the use of antihypertensive without any adverse 
outcomes on pregnancy.15,16

The access of these values is only possible with BP mon-
itoring methods like ABPM, but females with inadequate 
sleep duration or quality could selectively increase the 
nocturnal BP while, at the same time, affecting outcome.  
HTN in pregnancy, diagnosed by ABPM, is superior to the 
office measurements of BP in predicting outcomes and plays 
a role in predicting deterioration from gestational hyperten-
sion to adverse maternofetal events in pregnancy.17

Limitations
Small sample size, and ABPM parameters not compared with 
other markers of PIH.

Conclusion
ABPM-recorded BP is very precise. ABPM is the advised 
method for both diagnostic and therapeutic monitoring of 
hypertensive pregnancy diseases, mainly in situations like 
whitecoat HTN, masked HTN, nocturnal HTN, and nondip-
ping profile.

ABPM in high-risk pregnant women can also help pre-
dict the occurrence of preeclampsia and/or IUGR, and oth-
er adverse maternofetal events which when intervened at 
an earlier date can prevent antenatal and postnatal compli-
cations; however, there are no guidelines which take into 
account its role in the management of these conditions, 
either antepartum or intrapartum.

Future Prospects
Nocturnal HTN is best associated with target organ damage 
and cardiovascular events. Nondipping circadian BP profiles 
are usually seen in patients with preeclampsia. These values 
are available with a method of blood pressure monitoring 
like ABPM.

With our study, we were able to improve clinical manage-
ment in hypertensive disorders in pregnancy, emphasizing 
the importance of the nondippers of nocturnal DBP values, as 
predictors of adverse maternofetal events in the HTN-com-
plicated pregnancies.

ABPM can become a useful tool in diagnosing HTN among 
pregnant woman, and it would also be possible to reduce 
false HTN and decrease adverse maternofetal events, which 
complicate pregnancy.
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