DIURNAL BP VARIATIONS AMONG GENDER AND AGE GROUPS IN 1000 PATIENTS IN A CARDIAC FACILITY
IN SOUTH-SOUTH NIGERIA

Abstract

Background Hypertension (HTN) is a prominent risk factor for cardiovascular disease (CVD) worldwide.
Office blood pressure (OBP) measurement continues to be the global standard in evaluating BP but it
provides restricted information on the inherent biological rhythms associated with the disease process.
However, Ambulatory Blood Pressure Monitoring (ABPM) provides a more comprehensive and accurate
assessment of blood pressure, of which information about its usage is limited in southern Nigeria.
Therefore, this study aims to systematically evaluate the blood pressure variables (BPV) using ABPM in a
diverse group of people in south-south Nigeria.

Method Gender distribution and age categories were recorded. ABPM variables, including average systolic
and diastolic blood pressure, mean arterial pressure (MAP), and heart rate (HR), were measured during
wake and sleep periods. Data were analyzed to identify gender and age-related differences in ABPM
variables.

Results The study revealed significant differences in blood pressure measurements between genders and
age group during wake and sleep periods. Males have higher systolic and diastolic BP during sleep. Age-
related variations were observed, with older individuals (>60 years) exhibiting higher average systolic
blood pressure during wake and sleep periods.

Conclusion This study contributes to our understanding of the evolving trends in day and night ABPM
variables among patients in South-South Nigeria. The findings show the importance of comprehensive
cardiovascular assessments to accurately evaluate and manage cardiovascular health in diverse patient
populations. Further research is warranted to understand the underlying mechanisms driving changing
trends in day and night ABPM variables and develop targeted interventions aimed at improving
cardiovascular outcomes in this population.



INTRODUCTION

Hypertension (HTN) is a prominent risk factor for cardiovascular disease (CVD) worldwide.(1,2) Low- and
middle-income countries (LMICs), such as Nigeria, seem to bear a huge burden, with a higher prevalence
of cases and limited awareness, treatment, and control rates compared to developed nations.(3-5)

According to the World Health Organization (WHO), an estimated 1.28 billion adults aged 30-79 years
worldwide have HTN, two-thirds living in LMICs.(6) The collective estimated prevalence of hypertension in
Africa stands at approximately 30.8%. As urbanization, unhealthy lifestyles increases, malnutrition and
sedentary behavior, become more prevalent, it is anticipated that high blood pressure will continue to
increase.(7) In Nigeria, HTN ranks as the most prevalent diagnosed CVD risk equivalent,(8) with HTN-
related complications responsible for approximately a quarter of emergency hospital admissions in urban
areas.(9) Previous research has indicated that one in four adult Nigerian suffers from hypertension.(10)
While office blood pressure (BP) measurement continues to be the global standard in evaluating BP, it
provides restricted information on the inherent biological rhythms associated with the disease
process.(11-13)

Ambulatory Blood Pressure Monitoring (ABPM) provides a comprehensive and accurate assessment of
blood pressure compared to Office Blood Pressure measurements (OBPM).(14) Different blood pressure
patterns have been established and the diagnosis of hypertension has been made more reliably since the
introduction of ABPM to medicine approximately thirty years ago.(15) This has improved the care of
patients with hypertension and decreased cardiovascular morbidity and death from the condition. ABPM
has the ability to obtain numerous measurements in a non-clinical environment.(16) Consequently, the
National Institute for Health and Care Excellence (NICE), UK has endorsed the use of ABPM as standard
clinical practice, a recommendation recently echoed by the Eighth Joint National Committee on
Prevention, Detection , Evaluation and Treatment (JNC 8) (17) and European Society of cardiology
(ESC).(13)

BP variability (BPV) has emerged as a significant risk factor for cardiovascular disease.(18,19) Blood
pressure fluctuates throughout a 24-hour cycle, peaking during daytime and dipping at night, observed in
individuals with both normal and elevated blood pressure levels.(11) Comprehending diurnal blood
pressure (BP) variations is important for management of hypertension because these differences are
commonly observed in many individuals with hypertension.(20)

While ABPM is recognized for its utility in assessing blood pressure fluctuations, especially in hypertensive
patients, studies in this geographic context are scarce. This study therefore aims to systematically evaluate
the blood pressure variables in a diverse group of people in southern Nigeria.



MATERIALS AND METHODS
Study Design

A retrospective analysis was conducted to investigate the day and night ABPM variables of 1000 individuals
attending a cardiac center in Southern Nigeria.

Study Site
The study was conducted at Goodheart Medical Consultants Hospital Port Harcourt, Rivers State, Nigeria.
Procedure

Data from 1000 participants registered at Goodheart Medical Consultants Hospital with complete
ambulatory blood pressure monitoring (ABPM) result were retrieved from the electronic health records
(EHRs) of the hospital. Participants were stratified into age categories (<18years, 18-39 years, 40-59 years
and 260 years).

Height was measured without shoes to the nearest centimeter. Weight was measured to the nearest 0.1
kg with a scale while participants wore light clothing.

A 24-hour ABPM was conducted using the ASPEL ABPM machine on the non-dominant arm. The cuff size
was determined by the circumference of the non-dominant arm. Measurements were taken every 20mins
during the day from 6 a.m. to 10 p.m. and every 30mins at night from 10 p.m. to 6 a.m. Participants were
advised to engage in routine activities, avoid vigorous physical activity, and remain still during
measurements.

Data Analysis

Data were analyzed using STATA, Version 15.0. t-test and analysis of variance (ANOVA) were used for
comparing variables. Significance level was set at P < 0.05 (two-sided).



RESULT

TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS.

Variables Counts (%)
Gender

Male 550 (55%)
Female 450 (45%)
Total 1000 (100%)
Age

<18 6 (0.6%)
18-39 112 (12.2)
40-59 460 (46.0)
>60 412 (41.20)
Mean Age 55.21 £14.6
Total 1000 (100)

Atotal of 1000 individuals were included in this study, with 550 (55%) male and 450 (45%) female. Majority
of participants fell into the 40-59 age range (460 individuals, 46.0%), followed by those over 60 years old
(412 individuals, 41.20%). A smaller proportion of participants were aged 18-39 (112 individuals, 12.2%),
and only 6 individuals (0.6%) were under 18 years old. The mean age of the participants was 55.21 years
with a standard deviation of £14.6.



TABLE 2: BLOOD PRESSURE MEASUREMENTS DURING WAKE PERIOD ACCORDING TO GENDER

(MEANSD)
VARIABLES MALE FEMALE P VALUE
AVG SYSTOLIC 135.3114.3 131.4%14.5 0.0000*
AVG DIASTOLIC 83.2:11.4 80.8533.9 0.1276
AVG MAP 101.04£12.7 97.58+12.01 0.0000*
AVG HR 76.11+11.3 76.99+10.8 0.2092
MIN SYSTOLIC 104.4417.7 96.78+18.5 0.0000*
MIN DIASTOLIC 58.2+12.8 52.998+12.4 0.0000*
MIN MAP 75.2¢13.2 69.5£13.7 0.0000*
MIN HR 58.1+10.5 58.5£10.9 0.5260
MAX SYSTOLIC 172.3+25.98 170.98+69.03 0.6865
MAX DIASTOLIC 121.7429.7 119.3+30.3 0.2121
MAX MAP 138.98+26.4 136.2+27.9 0.1081
MAX HR 116.001¢34.7 121.1£69.5 0.1362

Table 2 presents blood pressure measurements during the wake period categorized by gender. Among
males, the mean systolic blood pressure was 135.3 mmHg + 14.3, while females had a slightly lower mean
systolic blood pressure of 131.4 mmHg * 14.5. Similarly, males had higher mean values for average mean
arterial pressure (MAP) compared to females (101.04 mmHg + 12.7 vs. 97.58 mmHg + 12.01) and minimum
systolic blood pressure (104.4 mmHg + 17.7 vs. 96.78 mmHg + 18.5). However, there were no significant
differences in average diastolic blood pressure, average heart rate, minimum diastolic blood pressure,
minimum heart rate, maximum systolic blood pressure, maximum diastolic blood pressure, maximum
MAP, and maximum heart rate between males and females.



TABLE 3: BLOOD PRESSURE MEASUREMENTS DURING SLEEP PERIOD ACCORDING TO GENDER

(MEANSD)
VARIABLES MALE FEMALE P VALUE
AVG SYSTOLIC 127.51£16.5 125.9£15.9 0.1112
AVG DIASTOLIC 75.996+10.9 73.5£10.4 0.0002*
AVG MAP 93.54+13.7 92.0113.2 0.0754
AVG HR 67.94+10.8 69.8+11.2 0.0070*
MIN SYSTOLIC 108.5£17.7 133.322.4 0.3118
MIN DIASTOLIC 60.65+11.2 58.8+10.6 0.0076*
MIN MAP 77.8+12.01 78.04£12.14 0.9068
MIN HR 58.9£10.3 60.78+11.7 0.0064*
MAX SYSTOLIC 147.5+20.8 147.17+21.8 0.8115
MAX DIASTOLIC 95.2¢19.5 92.198+20.2 0.0160
MAX MAP 113.3£20.2 112.4+21.3 0.4903
MAX HR 84.6+19.99 86.8+20.4 0.0801

Table 3 displays blood pressure measurements during the sleep period categorized by gender. While there
were no significant differences in average systolic blood pressure, average MAP, and maximum systolic
blood pressure between males and females, several significant differences were observed in other
parameters. Females exhibited lower average diastolic blood pressure compared to males (73.5 mmHg +
10.4 vs. 75.996 mmHg * 10.9) and higher average heart rate (69.8 bpm + 11.2 vs. 67.94 bpm + 10.8).
Additionally, females had lower minimum diastolic blood pressure (58.8 mmHg + 10.6 vs. 60.65 mmHg *
11.2) and higher minimum heart rate (60.78 bpm % 11.7 vs. 58.9 bpm + 10.3) compared to males.
Furthermore, significant differences were observed in maximum diastolic blood pressure between males
and females (92.198 mmHg + 20.2 vs. 95.2 mmHg + 19.5).



TABLE 4: BLOOD PRESSURE MEASUREMENTS DURING WAKE PERIOD ACCORDING TO AGE GROUP

(MEANSD)
VARIABLES <18 18-39 40-59 >60 P VALUE
AVG 132.848.1  130.3313.9  132.99:13.4  135.1%15.8 0.0083*
SYSTOLIC
AVG 743164  81.2:10.1  83.4:10.7 81.2¢35.7 0.4472
DIASTOLIC
AVG MAP  95:7.5 97.7t11.5  100.1#11.7  99.4+13.5 0.2200
AVG HR 80.5t8.9  78.7+8.3 77.8+10.2 74.4£12.3 0.0000*
MIN 110.3t11.6 100.4+17.7  101.2¢18.4  100.8£18.9 0.6334
SYSTOLIC
MIN 48117.6 54.5£11.96  57.5t13.5 54.6£12.2 0.0015*
DIASTOLIC
MINMAP  67.3t22.99 71.2¢12.5  73.8t13.9 71.9¢13.7 0.0800
MIN HR 61.2¢t8.82  58.5:897  58.9:10.2 57.6+11.6 0.0000*
MAX 164.3t11.1 164.6:285  172.9+250  172.5:25.4 0.4039
SYSTOLIC
MAX 123.2421.5 121.2¢32.1  122.5$30.1 118.3429.3 0.2188
DIASTOLIC
MAX MAP  136£19.04 136.4+29.1  137.7¢27.3  138.2£26.6 0.9352
MAXHR  122.8+18.9 122#35.2 121.1#349  113.99+31.9 0.2071

Table 4 provides insights into blood pressure measurements during the wake period according to age
groups. Significant differences were observed in some parameters. Participants over 60 years old had
elevated average systolic blood pressure compared to other age groups (p = 0.0083). Participants under
18 years old had elevated average heart rate and lower minimum diastolic blood pressure compared to
other age groups (p = 0.0000, p = 0.0015, respectively). No significant differences were found in other
parameters across age groups.



TABLE 5: BLOOD PRESSURE MEASUREMENTS DURING SLEEP PERIOD ACCORDING TO AGE GROUP

(MEANSD)
VARIABLES <18 18-39 40-59 >60 P VALUE
AVG SYSTOLIC 125 £7.9 122.9116.4 125.5£14.1 129.4£18.01 0.0001*
AVG DIASTOLIC  67.3 £7.1 72.7£10.7 76.1£10.1 74.3:11.3 0.0016*
AVG MAP 87.517.9 897.3+11.8 92.3:13.2 94.6+14.04 0.0007*
AVG HR 73.8+11.3 68.848.9 69.4+10.4 68.1£12.19 0.2193
MIN SYSTOLIC ~ 105.89.6 104.7+16.1 132.8£16.1 109.6+18.4 0.8016
MIN DIASTOLIC 5216.7 58.5:11.003 61.1+10.5 58.8+11.3 0.0021*
MIN MAP 73.25.6 72.2¢12.1 77.2£11.2 77.5+13.005 0.4687
MIN HR 61.2¢11.2 58.3:9.4 60.610.7 59.111.7 0.0930
MAX SYSTOLIC ~ 140.5+10.7 139.9+20.03 145.6+19.5 151.6+22.7 0.0000*
MAX 86.3t8.9 90.7+20.7 94.7+19.1 94.02+20.5 0.2011
DIASTOLIC
MAX MAP 105.849.8 107.2+19.6 112.2+19.4 115.4£22.1 0.0009*
MAX HR 96.2+10.9 85.6£15.2 86.9+20.9 84.1+20.7 0.1162

Table 5 presents blood pressure measurements during the sleep period across different age groups.
Participants under 18 years old displayed lower average systolic and diastolic blood pressure compared to
older age groups (p = 0.0001, p = 0.0016, respectively). Additionally, individuals in this age group had lower
minimum diastolic blood pressure (p = 0.0021) and maximum systolic blood pressure (p = 0.0000)
compared to other age groups. Notably, significant differences were also found in average mean arterial
pressure (p = 0.0007) and maximum mean arterial pressure (p = 0.0009), with younger participants
exhibiting lower values.



DISCUSSION

This study comprehensively evaluates the ABPM variables among young (<18), young adult (18-39), middle
age (40-59) and old (260) in south-south Nigeria.

The gender distribution in table 1 indicates that out of 1000 participants, 55% of the participants were
males, while 45% were females, reflecting a slight male predominance in the study cohort. This gender
distribution aligns with epidemiological trends suggesting that cardiovascular diseases often exhibit a
higher prevalence in males compared to females.(21) However, it is essential to note that the gender ratio
may also be influenced by various factors, including healthcare-seeking behavior and referral patterns.
Regarding age distribution, most participants belonged to the 40-59 age group, comprising 46.0% of the
total population, followed closely by individuals 60 years old and above, accounting for 41.20%. Notably,
only a small proportion of participants were under 18 years old (0.6%), highlighting the predominance of
adults in the study population. The mean age of the participants was 55.21 years +14.6, indicating that
most individuals undergoing cardiovascular assessment at the cardiac center were middle-aged or older.

The findings reveal significant differences in various blood pressure parameters between male and female
patients (Table 2). Specifically, male patients exhibited significant higher average systolic blood pressure
compared to females. Male patients also had significant higher minimum systolic blood pressure
compared to females and a significant higher minimum diastolic blood pressure compared to females.
These findings are similar to a study conducted in the middle east where there was a significant gender
difference in both systolic and diastolic BP with the male being higher.(22) In men, androgens and
testosterone have been proven to be the cause of higher blood pressure than in women, also female
hormones (estrogen) may help shield women from having higher blood pressure as women's menopause
is associated with elevated blood pressure.(23,24) In general, men are more susceptible to cardiovascular
and renal diseases than are premenopausal women of same age. Recent research utilizing the 24-hour
ambulatory blood pressure monitoring technique has demonstrated that men's blood pressure is greater
than women's at identical ages.(23)

Additionally, the study found significant differences in average mean arterial pressure (MAP) between
males and females, and a significant higher minimum MAP in males compared to females. This discrepancy
in MAP indicates variations in overall arterial pressure regulation between genders, potentially influencing
cardiovascular health outcomes. The difference in MAP probably signifies hormonal differences between
males and females which affects blood pressure regulation. In an experimental study, it was discovered
that estrogens has various effects on the renin-angiotensin system (RAS).(25) They decrease the activity
of angiotensin-converting enzyme (ACE), leading to a reduction in the production of angiotensin Il (Ang Il),
while simultaneously promoting the synthesis of ACE. ACE is primarily responsible for generating the
vasodilatory peptide Ang (1-7).(25) Both actions contribute to lowering blood pressure, making them anti-
hypertensive.

There were significant differences in average diastolic blood pressure between males and females during
sleep (Table 3). It also highlights gender-specific variations in minimum diastolic blood pressure and
minimum heart rate during sleep. Male patients demonstrated significant higher minimum diastolic blood
pressure compared to females during sleep. This suggests that females tend to have lower diastolic blood
pressure during sleep compared to males, which may have implications for cardiovascular risk assessment
and management.(26) Significant differences were observed in average heart rate between males and
females. Females exhibit higher minimum heart rate compared to males. This discrepancy in heart rate



during sleep may reflect underlying physiological differences between genders. For instance, hormonal
fluctuations, such as those related to the menstrual cycle in females, can influence heart rate during sleep.
Research suggests that heart rate variability (HRV) can vary throughout the menstrual cycle. Higher levels
of estrogen during the follicular phase are associated with increased HRV, whereas during the luteal phase,
marked by elevated progesterone levels, HRV may decline.(27)

Table 4 reveals several important findings regarding blood pressure metrics across age groups. Firstly, there
is a noticeable trend of increasing average systolic blood pressure with advancing age. Patients in the older
age group (>60) exhibited the highest average systolic blood pressure of 135.1 +15.8 which is consistent
with another study(28) which found people above 60 years to have higher average systolic BP than people
of lower age group, however the mean in this study is higher than theirs. Individuals under 18 years old
demonstrate the lowest average systolic blood pressure. This age-related increase in systolic blood
pressure aligns with well-established trends in cardiovascular aging (29,30) and emphasizes on the
importance of blood pressure management in older individuals. Average diastolic blood pressure tends
to increase with age, with the highest values observed in the 40-59 age group and the lowest in the <18
age group. This age-related elevation in diastolic blood pressure reflects changes in vascular function and
arterial stiffness associated with aging.(31)

Significant variations were noted in average heart rate across age groups. Older individuals (>60) exhibit
the lowest average heart rate, while the youngest age group (<18) demonstrates the highest average heart
rate. This inverse relationship between age and heart rate is consistent with the physiological changes in
cardiac function and autonomic regulation that occur with aging such as decreased sympathetic activity.
Aging is typically accompanied by a decline in sympathetic nervous system activity (32), which regulates
heart rate.

Table 5 presents insights into how blood pressure parameters vary across different age cohorts during the
nocturnal period. One of the key observations from the table is the variation in average blood pressure
values across age groups during sleep. The results indicated that older individuals (>60) tend to have higher
average systolic blood pressure compared to younger age groups. This finding aligns with a study
highlighting age-related changes in nocturnal blood pressure regulation, including increased systolic blood
pressure dipping among older individuals.(33)

Furthermore, the table highlights differences in diastolic blood pressure across age cohorts during sleep.
While the 40-59 age group exhibited the highest average diastolic blood pressure, the youngest age group
(<18) demonstrates the lowest average diastolic blood pressure. This age-related variation in diastolic
blood pressure underscores the importance of considering age-specific factors in the assessment and
management of nocturnal blood pressure patterns.



CONCLUSION

The study findings present significant insights into blood pressure dynamics during wake and sleep
periods, shedding light on critical aspects of cardiovascular health. Firstly, gender-specific disparities in
blood pressure measurements during wake and sleep periods suggest the influence of gender-specific
physiological mechanisms on blood pressure regulation. This emphasizes the necessity for customized
approaches to cardiovascular risk evaluation and treatment. Secondly, the investigation of blood pressure
trends across age categories reveals age-related variations in nocturnal blood pressure patterns. Notably,
older individuals (>60 years) exhibit elevated average systolic blood pressure during sleep compared to
younger individuals, emphasizing the importance of age-tailored strategies in assessing cardiovascular risk
and implementing interventions.

The analysis of blood pressure metrics during wake periods according to age cohorts exposes significant
discrepancies in blood pressure parameters among different age groups. These findings underline the
importance of individualized blood pressure management strategies that account for age-specific risk
factors and physiological changes.

Moving forward, continued research endeavors in ABPM would help in unraveling the underlying
mechanisms driving fluctuations in day and night ABPM variables across different age groups and genders.
Such endeavors will aid in the development of targeted interventions aimed at enhancing cardiovascular
outcomes in this demographic.
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