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ABSTRACT
During a normal 24-hour ambulatory blood pressure monitoring (ABPM), there should be a more than 10% drop in average nighttime blood
pressure (BP), compared to the average daytime BP. This is called the normal ABPM dipping pattern. Abnormal dipping patterns occur
when the average night-time blood pressure drop is lower than 10%. A high body mass index has been described as a contributing factor
for unusual ABPM dipping patterns, which predisposes an individual to a higher likelihood of developing cardiovascular disease. The goal
of this research was to assess the link between the body mass index (BMI) and the dipping pattern during ABPM in the adult population
who underwent ABPM at Cardiocare Abuja. Anthropometric data from 100 patients who had done ABPM were used, together with data
obtained from the CONTEC ABPM50 device. The BMI was calculated with the weight and height, and they were grouped into weight
classes using their BMI. The proportions of the various dipping patterns were then determined within each class. Majority of the participants
involved in the study had BMI between 30-39 kg/m2. Those who presented with higher BMI classes were also discovered to have unusual
dipping patterns, indicating a link with relation to the BMI and the ABPM dipping pattern. In the morbidly obese class, with BMI >40
kg/m2 there was a trend of the reverse dipping. It concluded that ABPM should be done routinely for persons with a high BMI for early
detection of unusual dipping patterns and prompt intervention.
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INTRODUCTION
Ambulatory blood pressure monitoring (ABPM) is used to maintain track of a person's blood pressure readings over
the course of a 24-hour period of time. All through the day, while a person goes about their daily activities, their blood
pressure values will change, and this chart will depict that fluctuation. ABPM was originally intended for use in
clinical research, but recently it has gained popularity as a tool for diagnosing the four different blood pressure
phenotypes, which include sustained normotension (normal in-office and at-home BP readings), white-coat
hypertension (high in-office BP readings and normal at-home BP readings), masked hypertension (normal in-office
BP readings and high at-home BP readings), and persistent hypertension (high in-office and at-home BP readings)
(Cesare, et al., 2017).
When it comes to blood pressure, there is a significant diurnal fluctuation, with BP dropping to its lowest
levels during nighttime sleep (Andrew, et al., 2002).
When blood pressure drops at night compared to daytime readings, this is considered a normal physiological
process. It is attributed to sympathetic tone reduction and a parallel increase in vagal tone during sleep, and a drop in
systolic and diastolic BP of more than 10% but less than 20% at night, in comparison to daytime readings, is known
as the “normal dipping pattern” (Ingabire, et al., 2021). A decline of greater than 20% represents an “extreme dipping
pattern”, whereas a drop less than 10% represents a “non-dipping pattern”. It is possible to have a reverse dipping
trend if the nighttime BP readings are paradoxically elevated above the daytime measurements. 3 The ABPM dipping
pattern can be determined with the following equation: 100 x (average daytime SBP – average night-time SBP) /
(average daytime SBP – average night-time SBP) (average daytime SBP) (Shenzhen, et al., 2019).
“Patients with unusual ABPM parameters were postulated to have a more significant risk of stroke, according
to O'Brien (1988), who initially described this”. Many previous cross-sectional investigations in the general populace
and hypertensive populations have showed that heart hypertrophy, silent cerebral infarction, and microalbuminuria
are more prevalent among non-dippers compared to normal dippers (Yuichiro & Kazuomi, 2012).
It was anticipated by Marwah et al, (2017), that by 2030 the number of obese and overweight persons would
be 573 million and 1.35 billion, respectively, and it was also found in some studies that having a high BMI predisposed
to abnormal ABPM dipping patterns (Vasilios, et al., 2005). According to one study, the influence of BMI on the 24hour ABPM parameters is minimal, and the factors that accounted for this variance were older age, different raceethnic compositions, and the use of anti-hypertensive medication (Baird, Zhezhen, Okajima & Russo, 2018).
Understanding the manner in which a high BMI affects the “dipping pattern” during a 24-hour ABPM reading
may be necessary to identify those who are at risk for the adverse effects of unusual dipping patterns and early
intervention.

MATERIALS AND METHODS
Patients who presented to Cardiocare multispecialty hospital in Abuja, Nigeria for a 24-hour ABPM investigation
between the 1st of January 2020 and July 31st, 2021 had their demographics and anthropometry data and ABPM
parameters obtained from their electronic medical records (EMRs). Cardiocare multispecialty hospital is the branch
of the Limi Hospital group which specializes in cardiovascular medicine. In both hypertensive and non-hypertensive
patients, ABPM is commonly done about four times a week in this facility.
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Hypertensive patients on medications were included in the study and majority were on anti-hypertensive medications
such as “calcium-channel blockers”, “beta blockers”, “angiotensin-receptor blockers”, and “angiotensin-converting
enzyme inhibitors” regardless of medication efficacy. Non-hypertensive patients who experienced occasional elevated
BP readings were also included. Initial selection for the experiment included 318 individuals, however this number
was decreased to 100 excluding those with missing anthropometric data and total 24-hour ABPM readings less than
70.
Average reading was taken from four office readings done three minutes apart, two readings from each arm,
and an OMRON HBP-1320-E with an appropriate-sized cuff was used for taking these readings. A CONTEC
ABPM50 24-hour ABPM device was employed to get the 24-hour BP readings, and daytime measurements were
programmed to read every 15 minutes while 30 minutes intervals were used for nighttime readings. Patients were
usually advised to document sleeping and waking hours, and also to remain still when the device was taking a reading.
After downloading data obtained from the device into the Cardiosoft Analysis Software, the “average daytime BP”,
“average nighttime BP”, “overall average 24-hour BP”, and characteristic “dipping patterns” were all automatically
calculated by the software.
Following that, the 100 participants were classified into five categories based on their body mass indexes
(BMIs). BMI less than 18 kg/m2 was categorized as being in the 1st class, BMI between 18 and 24 kg/m 2 was
categorized as being in the 2nd class, BMI 25 to 29 kg/m 2 was categorized as being in the 3rd class, and BMI 30 to
39 kg/m2 was categorized as being in the 4th class. The morbidly obese, with BMI >40 kg/m 2 were categorized as the
5th class.
The “dipping patterns” were also categorized into four; the “normal dipping pattern” (10-20% drop in
nighttime blood pressure readings), “non-dipping pattern” (<10% decrease in nighttime blood pressure readings),
“extreme dipping pattern” (>20% drop in nighttime blood pressure readings), and the “reverse dipping pattern” (>1%
increase in nighttime blood pressure) were all identified. Data from each BMI class was analyzed with the SPSS
program, version 1.0.0.1406 to discover the distribution of the various “blood pressure dipping patterns” within each
BMI class. Ethical approval for the study was obtained from the Department of Medical Research Limi Hospital
Abuja.

RESULTS
Hundred patients participated in the study; the average age was 43 years with an age range of 20 to 74 years. The male
to female ratio was 57 to 43. Forty-two patients had hypertension were being treated with antihypertensives such as
‘calcium channel blockers’, ‘beta blockers’, ‘angiotensin-receptor blockers’, and ‘angiotensin-converting enzyme
inhibitors’, while 58 patients were normotensive but had occasional high blood pressure.
No patient presented in Class 1, 14 patients presented in Class 2 (14%), 33 patients presented in Class 3
(33%), 44 patients presented in Class 4 (44%), and 9 patients presented in Class 5 (9%). Table 1 displays the
percentages of the different dipping patterns within the five BMI Classes, while Figure 1 depicts a diagrammatic
representation of the proportion of the various dipping patterns among BMI Classes 2-5. In Class 2, there were 14
patients, 7 of whom had “normal dipping patterns” (50%), 6 of whom had “non-dipping patterns” (43%), and 1 who
had an “extreme dipping pattern” (7%). Class 3 with 33 patients, showed 9 patients with “normal dipping patterns”
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(27.3%), 21 with “non-dipping patterns” (63.6%), 2 with “extreme dipping patterns” (6.1%), and 1with a “reverse
dipping pattern” (3%). When it came to Class 4 with 44 patients, only 19 of the 44 patients had “normal dipping
patterns” (43.2%), 20 had “non-dipping patterns” (45.4%), and 5 had “reverse dipping patterns” (11.4%). Class 5 with
9 patients had 3 “normal dipping patterns” (33.3%), 3 “non-dipping patterns” (33.3%), 2 “reverse dipping patterns”
(22.2%), and 1 “extreme dipping”.
Table 1: Proportion of the different dipping patterns within the five BMI Classes.
BMI Classes
(kg/m2)

Normal
Dipping (%)

Non-dipping
(%)

Reverse
Dipping (%)

Extreme
Dipping (%)

Class 1:
< 18

0.0

0.0

0.0

0.0

Class 2:
18-24

50.0

43.0

0.0

7.0

Class 3:
25-29

27.3

63.6

3

6.1

Class 4:
30-39

43.2

45.4

11.4

0.0

Class 5:
>40

33.3

33.3

22.2

11.1
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Figure 1: Bar graph representation of the proportion of the different dipping patterns in BMI classes 2-5.
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DISCUSSION
Study revealed that participants with a BMI between 30-39 kg/m2 were most prevalent, constituting 44% of the total
population. Those with a normal body mass index mostly had “normal dipping pattern”, but with increasing BMI, the
“non-dipping pattern” became higher than that of the “normal dipping pattern”. In Class 3, with BMI 25-29 kg/m2,
the “non-dipping pattern” was noted to be the highest amongst all classes, and the first occurrence of the “reverse
dipping pattern” was also observed in this class. The “reverse dipping pattern” steadily increased with increasing BMI
from 3% in Class 3 with BMI 25-29 kg/m2, to 11.4% in Class 4 with BMI 30-39 kg/m2, and finally 22.2% in Class 5
with BMI >40 kg/m2. No “reverse dipping pattern” was seen amongst participants with a normal BMI. The “extreme
dipping pattern” was seen amongst at patients except those who presented in Class 4 with BMI 30-39 kg/m2.
A study was done to examine if an association existed between the BMI and both the 24-hour ABPM
parameters and office blood pressure values. In the entire cohorts, regardless of age or gender, BMI and ABPM
parameters were not associated. BMI and ABPM readings were minimally associated in people who weren't using
antihypertensive medications, and no association existed between BMI and ABPM readings in known hypertensives
on medications (Baird, Zhezhen, Okajima & Russo, 2018). The dipping patterns of hypertensive patients on treatment
and those not on treatment was not compared in the study.
A large study was done in Portugal by Araujo (2018), involving 26,170 24-hour ABPM readings with the
aim to assess the blood pressure circadian patterns and their determinants in a large sample of normotensive and
hypertensives individuals. It reported that individuals with a BMI of 30-39 kg/m2 (obese population) and elderly
subjects (>65 years) showed “non-dipping pattern” and the “reverse dipping pattern” significantly more frequently
than the overweight (BMI 25-29 kg/m2) and normal (BMI 18-24 kg/m2) weight population. This aligns with part of
the findings here which shows increased frequency of “reverse dipping pattern” in the Class 4, BMI 30-39 kg/m2 and
Class 5, BMI <40 kg/m2 groups, when compared to participants with a normal BMI (Class 2), and those in Class 3,
with BMI 25-29 kg/m2, but this study differed by finding a greater dominance of the “non-dipping pattern” in Class
3, BMI 25-29 kg/m2 compared to Class 4, BMI 30-39 kg/m2.
Another recent study with the aim to ascertain the blood pressure readings during an ABPM in obese patient
with body mass index >30 kg/m2. A division was made amongst the participants into 2 groups, with Group 1 consisting
of those with BMI >30 to <40 kg/m2 (equivalent to Class 4 here) and Group 2 consisting of those with BMI >40 kg/m 2
(equivalent to Class 5 here). The percentage of nocturnal dipping was observed to be higher in group 1 as compared
to group 2, while group 2 also had a higher proportion of the "reverse dipping pattern." (Moczulska, et al., 2020). No
“extreme dipping pattern” was found in both groups unlike this study where an “extreme dipping pattern” was
observed in Class 5, BMI >40 kg/m2 (equivalent to Group 2).
The “non-dipping pattern” was discovered to be the most common unusual dipping pattern according to a
local study which involved 120 Nigerians, while the “reverse dipping pattern” was seen to have the most risk for
hypertension-mediated end-organ damage (Dele-Ojo, et al., 2021). Therefore, persons with a high BMI who will likely
have an unusual 24-hour ABPM should undergo routine 24-hour ABPM for early detection of an abnormal dipping
pattern, which provides an opportunity for early intervention.
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LIMITATIONS OF THE STUDY
The study had some limitations, including a sample size that may not have been large enough to delineate a defined
association between the BMI and 24-hour ABPM dipping patterns. Secondly no individuals presented in Class 1 with
a body mass index of 18 kg/m2 or less, so no 24-hour ABPM parameters was seen in this class.
Finally, patient’s co-morbidities like diabetes mellitus, renal issues, and endocrine diseases, and risk factors with
adverse health effects such as alcohol use, smoking, high cholesterol, and so on, were not considered.

CONCLUSION
The body mass index and the 24-hour ABPM dipping pattern demonstrated a link, with patients with a high BMI
having a larger percentage of unusual dipping pattern. These unusual dipping patterns raise the risk of medical
disorders and so persons with a high BMI should routinely undergo ABPM for early detection risk and prompt
intervention.
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