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INTRODUCTION

Hypertension runs in families, and parental history 
of hypertension has been found to increase the risk of 
developing hypertension later in life, if both parents 

are hypertensives.[1] Offspring of hypertensive parents 
have been shown to exhibit 30%–50% higher risk 
of developing hypertension.[2,3] They also have an 
increased risk of obesity or metabolic syndrome.[4,5] 
Furthermore, normotensive offspring of hypertensive 
parents have been reported to have an exaggerated 
cardiovascular response to exercise, physiologic 
maneuvers, and stress when compared to offspring 
of normotensive parents.[6‑9] Offspring of hypertensive 
parents may have different genes for blood pressure 
regulation that interacts with environmental factors, 
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stress, and salt, resulting in high blood pressure.[10‑12] 
Thus, the development of hypertension may occur early, 
depending on the intensity and frequency of interaction 
with stressful environmental factors.[10,12]

Fasting is practiced by different religious groups.[13,14] 
Differences, however, exist in the period of abstinence 
from food. It is well known that long‑term intermittent 
and periodic fasting promotes health and reduces 
the risk of many chronic diseases such as cancer, 
neurodegenerative diseases, metabolic syndrome, and 
hypertension.[14] In both human and animal studies, 
fasting has been shown to reduce the systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) as 
well as the heart rate (HR).[15,16]

While fasting has been shown to be beneficial to the 
cardiovascular system, it is noteworthy to say that 
fasting imposes some stress on the body.[14,17] The 
previous study showed that offspring of hypertensive 
parents exhibited exaggerated response to stress;[18,19] 
it is, however, not known if fasting exerts more stress 
on their body system than children of normotensive 
parents. It is also important to know if fasting is harmful 
or beneficial to the cardiovascular system of offspring 
of hypertensive parents.

Many Christians observe several days of fasting at the 
beginning of the year and many go as long as 40 days 
of intermittent fasting and majority of persons observe 
16 h fast and then an 8‑h nutritional window. This 
research therefore aims to investigate the cardiovascular 
effects of 21 days of fasting in offspring of hypertensive 
and normotensive parents. We intend to study how the 
beneficial effect of fasting will relate with the stress it 
exerts on the body system.

MATERIALS AND METHODS

Participants
The study was carried out in Makurdi town of Benue 
State, Nigeria. Participants were obtained from persons 
that engaged in routine Christian religious 21 days fast 
by January 2020 and observed a daily 18 h fast and then 
and 6‑h nutritional window (fasted from 12.00 am to 
6.00 pm and ate 6.01 pm to 11.59 pm); they were in 
no wise forced to fast. The purpose of the study was 
explained to them and willing and written consent 
was obtained before the study. A total of eighty healthy 
young adults within the age group of 20–28 year were 
randomly recruited for the study. They were divided 
into two groups (each group consisted of 40 subjects) 

based on history of hypertension in their parents. The 
participants having parental history of hypertension in 
at least one parent were taken as the study group. Those 
having both normotensive parents were taken as control 
for comparison. Each group above was further divided 
into two equal groups based on gender.

The purpose of the study was explained to the 
participants; they were then instructed to fill up a 
questionnaire giving details regarding parental history 
of hypertension. Accordingly, they were divided into 
study and control groups. All the data were collected 
between 12.00 pm and 2.00 pm daily.

This study was conducted according to the guidelines laid 
down in the Declaration of Helsinki, and all procedures 
involving human subjects were approved by the Health 
Research Ethics Committee of Benue State University 
Teaching Hospital, Makurdi on January 2, 2020 (HREC 
NO: BSUTH/MKD/HREC/2020/023). Written informed 
consent was obtained from all subjects. This study was 
conducted in the month of January 2020 and all subjects 
engaged in 21 days of fasting (16‑h fast and then an 8‑h 
nutritional window).

Anthropometric measurements
Participants’ physical characteristics were measured 
once every week for 3 weeks using standard procedures 
as previously described by Musa et al.[20] The weight was 
measured using electronic weighing scale (Seca digital 
floor scale, Sec‑800; Seca, Birmingham, UK), height was 
measured using a wall‑mounted stadiometer  (Model 
Sec‑206; Seca, UK). The height was measured to the 
nearest 0.1 cm, without shoes, with the subject stretching 
to the maximum height and the head positioned in the 
Frankfort plane. Weight was measured to the nearest 
0.1 kg with subjects removing shoes and in light 
clothing. Waist circumference (WC) was measured at 
the mid‑point between the lower rib and the upper 
margin of the iliac crest in a horizontal plane using 
an inelastic tape rule measured to the nearest 0.1 cm. 
Participants’ body mass index (BMI) was calculated as: 
BMI = weight (kg)/height (m2).

Measurement of cardiovascular parameters
Cardiovascular parameters were also obtained once 
every week for 3 weeks along with the anthropometric 
parameters. Resting HR was determined manually by 
counting the pulse rate of the radial artery using a stop 
watch for 1  min. The SBP and DBP were measured 
using a mercury sphygmomanometer  (Accoson/BS 
2744/England).
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Inclusion criteria
1.	 Healthy asymptomatic young adults, aged 

20–28 years (males and females)[21]

2.	 Nonsmokers.

Exclusion criteria
1.	 Any acute illness
2.	 Diabetes mellitus
3.	 Antihypertensive medication
4.	 History of chest pain, breathlessness, and orthopnea
5.	 Handicapped individuals
6.	 Trained subjects (sports and yoga).

Statistical analysis
Results were reported as mean ± standard error of mean 
differences between groups were determined using 
two‑way repeated measure analysis of variance with 
least significant difference  post hoc test. Analysis was 
done using IBM SPSS Statistics for Windows, version 
21 (IBM Corp., Armonk, N.Y., USA). Difference was 
considered significant when P < 0.05.

RESULTS

Effect of fasting on anthropometric parameters
The average age of the participants was 23.20 ± 1.83 years, 
and their age distribution is shown in Table  1. The 
heights also ranged from 1.5 m to 1.9 m [Table 1].

Results showed that there were reductions in 
the average weight and BMI of persons in the four 
groups from week 1 of fast to week 3 relative to the 
values before fasting began, these reductions were 
however not significant (P > 0.05). There was also no 
significant (P > 0.05) sex difference in the values for the 
weight and BMI of the participants as shown in Table 1.

There was a reduction in the WC of participants in 
all the groups during the fasting period relative to the 
values before fasting began, though the differences were 
not significant (P > 0.05). The WC of male offspring 
of normotensive parents was however significantly 
higher (P < 0.05) than male offspring of hypertensive 
parents before fasting began [Table 1].

Effect of fasting on blood pressure and heart rate
Result showed that the SBP was significantly (P < 0.05) 
higher in the males than females irrespective of the 
blood pressure of their parents. The SBP of male 
offspring of hypertensive parents was however the 
highest before fasting and throughout the fasting period. 
There was a significant (P < 0.05) reduction in the SBP 

during fasting in the male participants. The reduction 
in SBP was more in male offspring of hypertensive 
parents, because the decrease was significant (P < 0.05) 
even from the 2nd week of the fast, while it became 
significant in offspring of normotensive parents by 
the 3rd week [Table 2]. Furthermore, the SBP of male 
offspring from either hypertensive or normotensive 
parents was not significantly different before fast 
and throughout the 3  weeks of fast. There was no 
significant  (P > 0.05) difference or reduction in SBP 
before fast and during fasting in females from either 
hypertensive or normotensive parents. The female SBP 
was also not significantly different (P > 0.05) as shown 
in Table 2.

The DBP was significantly higher  (P < 0.05) in male 
offspring of hypertensive parents than all other groups 
before fast and during fasting period. There was a 
reduction in the DBP during fast in male offspring of 
hypertensive parents, when compared to the prefasting 
DBP, but the difference was not significant. There was also 
no significant (P > 0.05) difference in the DBP before fast 
and during fast in the other groups as shown in Table 2.

One week before fast began, the HR of female offspring 
of hypertensive parents was significantly higher than all 
other groups. The HR significantly (P < 0.05) reduced in 
the females from week 1 of fast through to week 3. In the 
males (both offspring of hypertensive and normotensive 
parents), the HR significantly reduced by week 1 of 
fasting, but increased by week 2 and week 3, such that 
by week 3, the HR is not significantly different from the 
value before fasting began and not significantly different 
from the value in the females [Table 2].

DISCUSSION

The result of this study showed that there was a 
reduction in the body weight and BMI as a result of the 
3 weeks fast, but these reductions were not significant. 
This is in line with the observed reduction in weight 
during fast, as many persons fast to achieve weight 
reduction.[13,14,17] Similar studies during Ramadan fast 
among Muslims reported a significant reduction in 
weight and BMI due to fasting,[22,23] while some others 
report no significant changes in body weight and BMI 
during same Ramadan fast.[24‑26] In this study, there 
were also no significant changes in the WC between 
the prefast and fasting period.

The SBP was significantly higher in the male subjects 
than in female subjects and was highest in male offspring 
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of hypertensive parents throughout the period of study, 
similar to the finding of Uehara et al.[11] This higher 
value of SBP in male offspring of hypertensive parents 
may indicate exaggerated sympathetic activity in this 
group as previously described.[9,26,27] This highlights the 
potential role of the sympathetic nervous system in the 
pathogenesis of elevated blood pressure in offspring of 
hypertensive parents. Other studies found increased 
sympathetic and decreased parasympathetic activities 
in this group of young adults and suggested that the 
alteration in the sympathovagal balance could be the 
major mechanism in the causation of prehypertension.[7,28]

This study further revealed that fasting, which is 
considered a form of stress significantly reduced the 
SBP in male participants, there was also no significant 
reduction in the SBP of the females when compared 
with the values before fasting began in these young 
adults. Thus, fasting did not aggravate the values of 

the SBP in offspring of hypertensive parents, it rather 
reduced it. This agrees with previous studies that 
reported that fasting confers beneficial effects on the 
cardiovascular system.[23,29] Toledo et al. likewise found a 
significantly reduced SBP after 21 days fast, but the age 
of the participants in their study was 18–99 years, and 
they did not investigate changes due to gender.[16] This 
present research however focused on only young adults.

The lower SBP in females than males in this study is in 
line with studies that reported less cardiovascular risks 
and differences in the mortality rate in females, when 
compared with males at premenopausal age. The studies 
showed that more men die before age 60 than female 
and the difference is related to the cardioprotective 
effect of estrogen in women before menopause.[11,29,30]

The DBP is significantly higher in male offspring of 
hypertensive parents than all other groups. The DBP, 
however, reduced in these groups of males during fast, 

Table 1: Effect of fasting on anthropometric parameters
Variables Period Offspring of hypertensive parents (n=20) Offspring of normotensive parents (n=20)

Male Female Male Female
Age (years) 24.45±0.27 22.75±0.28* 23.70±0.47 21.90±0.37*
Height (m) 1.68±0.02† 1.65±0.02† 1.73±0.02 1.61±0.01†

Weight (kg) Before fast 65.74±1.19 63.53±2.14 65.85±2.65 61.35±1.98
Week 1 65.65±1.23 63.40±1.99 64.94±2.81 60.43±2.11
Week 2 65.20±1.18 62.25±2.05 64.45±2.79 59.55±2.02
Week 3 64.73±1.18 61.65±2.32 64.53±2.79 58.90±2.06

BMI (kg/m2) Before fast 23.37±0.62 23.47±0.78 21.86±0.88 23.57±0.71
Week 1 23.31±0.56 23.42±0.74 21.63±0.87 23.19±0.73
Week 2 23.15±0.54 23.04±0.76 21.41±0.87 22.87±0.71
Week 3 22.99±0.58 22.78±0.86 21.44±0.88 22.62±0.73

WC (cm) Before fast 72.70±1.02† 75.80±1.59 76.75±1.65 75.80±1.44
Week 1 73.65±0.93 75.80±1.41 76.35±1.53 75.15±1.45
Week 2 72.45±1.04 75.25±1.40 75.80±1.56 74.70±1.43
Week 3 71.95±1.02 75.00±1.42 75.35±1.69 74.05±1.54

Data presented as mean±SEM. *Significantly different from male offspring of hypertensive parents with P<0.05; †Significantly different from male offspring of normotensive 
parents with P<0.05. BMI: Body mass index; WC: Waist circumference; SEM: Standard error of mean

Table 2: Effect of fasting on blood pressure and heart rate
Variable Period Offspring of hypertensive parents (n=20) Offspring of normotensive parents (n=20)

Male Female Male Female
SBP (mmHg) Before fast 125.20±2.04 113.80±1.59*,† 120.65±2.14 112.85±1.15*,†

Week 1 122.20±1.64 113.40±1.80*,† 116.30±1.85 110.45±1.22*,†

Week 2 119.15±1.98‡ 112.40±1.53*,† 116.10±2.03 110.20±0.95*,†

Week 3 117.70±1.83‡ 113.40±1.37*,† 115.60±2.04‡ 110.25±1.24*,†

DBP (mmHg) Before fast 78.50±1.24 73.90±1.60* 73.55±1.55* 71.80±1.14*
Week 1 77.40±1.09 73.65±1.36* 71.90±1.52* 72.70±1.51*
Week 2 77.40±1.71 73.40±1.04* 72.80±1.38* 70.50±1.41*
Week 3 75.60±1.48 75.45±1.24 72.80±1.79* 70.60±1.21*

HR (beats/min) Before fast 77.10±2.49 86.50±1.78*,† 80.10±2.22 81.55±1.77
Week 1 70.70±2.31‡ 81.00±1.84*,†,‡ 74.00±2.26‡ 79.00±2.57*,†

Week 2 74.85±1.60‡ 78.40±1.25‡ 74.15±1.81‡ 76.80±1.52‡

Week 3 78.75±1.68 78.90±1.80‡ 78.25±1.76 76.60±1.92‡

Data presented as mean±SEM. *Significantly different from male offspring of hypertensive parents with P<0.05; †Significantly different from male offspring of normotensive 
parents with P<0.05; ‡Significantly different from value before fast with P<0.05. SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; SEM: Standard 
error of mean
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but the differences were not significantly different. The 
pattern of result for DBP is different from that of SBP, 
where the values were higher in male offspring of both 
hypertensive parents and normotensive parents than in 
females. The nonsignificant change in DBP also reported 
by Nematy et al.[23] The mechanism of the drop in SBP 
may be associated with an increase in parasympathetic 
activity due to increase brain‑derived neurotrophic 
factor, increased norepinephrine excretion through 
the kidneys, and increased sensitivity of natriuretic 
peptides and insulin.[16]

Result also showed that fasting reduced the HR in the 
females from the pre‑fasting level till the week 3 of the 
fast. HR was also lower in males by week 1 of fasting 
relative to the prefast value. The HR in male, however, 
increased by the 3rd week of fast to a value that is 
not significantly different from the prefasting value. 
The reduction in HR during fast is in agreement with 
previous reports, and this may be as a result of increased 
activity of the parasympathetic nervous system.[31,32,33,34]

Other studies however observed an increase in 
HR during fast and have attributed this increase to 
probable differences in the duration of fasting.[35] The 
response of male offspring of hypertensive parents is, 
however, different; values started from lower values and 
increased significantly by the 3rd week of fasting to a 
value not significantly different from that before fasting. 
The increase in HR in the males might be due to an 
increase in sympathetic nerve activity that overrode the 
parasympathetic nerve activity as previously reported.[7,28]

CONCLUSION

This study shows that SBP was significantly higher in 
males than females before and during fast. The SBP 
was higher in male offspring of hypertensive parents 
than other groups prefast and during fasting. Their SBP 
and DBP, however, reduced the during 21‑day fasting 
period. Thus, with regard to the blood pressure, fasting 
is beneficial to offspring of hypertensive parents.

Limitation of the study
A lot of time was required to convince and get the 
consent of participants. Furthermore, many persons 
were smokers and so did not meet inclusion criteria; 
therefore, we needed to speak with so many people in 
order to get the required sample size for the study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Wang NY, Young JH, Meoni LA, Ford DE, Erlinger TP, Klag MJ. Blood 
pressure change and risk of hypertension associated with parental 
hypertension: The Johns Hopkins precursors study. Arch Intern Med 
2008;168:643‑8.

2.	 AHA Statistical Update. Heart disease and stroke statistics – 2017 
update. Circulation 2017;135:e146‑603.

3.	 Igarashi R, Fujihara K, Heianza Y, Ishizawa M, Kodama S, Saito K, et 
al. Impact of individual components and their combinations within 
a family history of hypertension on the incidence of hypertension: 
Toranomon hospital health management center study 22. Medicine 
(Baltimore). 2016;95:e4564.

4.	 Motta  JM, Lemos  TM, Consolim‑Colombo  FM, Moyses  RM, 
Gusmão MA, Egan  BM, et  al. Abnormalities of anthropometric, 
hemodynamic, and autonomic variables in offspring of hypertensive 
parents. J Clin Hypertens 2016;18:942‑8.

5.	 Ranasinghe  P, Cooray  DN, Jayawardena  R, Katulanda  P. The 
influence of family history of hypertension on disease prevalence 
and associated metabolic risk factors among Sri Lankan adults. BMC 
Public Health 2015;15:576.

6.	 Devaki PR, Saikumar P, Anushri K. Evaluation of cardiovascular 
sympathetic reactivity in Normotensive offspring of Hypertensive 
parents. IOSR‑JDMS 2013;4:01‑3.

7.	 Francica  JV, Heeren  MV, Tubaldini  M, Sartori  M, Mostarda  C, 
Araujo  RC. Impairment on cardiovascular and autonomic 
adjustments to maximal isometric exercise tests in offspring of 
hypertensive parents. Eur J Prev Cardiol 2013;20:480‑5.

8.	 Fonkoue IT, Wang M, Carter JR. Sympathetic neural reactivity to 
mental stress in offspring of hypertensive parents: 20 years revisited. 
Am J Physiol Heart Circ Physiol 2016;311:H426‑32.

9.	 Patil P, Bennal AS. Cardiovascular responses for mental stress in 
normotensive offspring of hypertensive parents. Natl J Physiol Pharm 
Pharmacol 2019;9:613‑6.

10.	 Lopes  HF, Bortolotto  LA, Szleif  C, Kamitsuii  CS, Krieger  EM. 
Hemodynamic and metabolic profile in offspring of malignant 
hypertensive parents. Hypertension 2001;38:616‑20.

11.	 Uehara Y, Shin WS, Watanabe T, Osanai T, Miyazaki M, Kanase H, 
et al. A hypertensive father, but not hypertensive mother, determines 
blood pressure in normotensive male offspring through body mass 
index. J Hum Hypertens 1998;12:441‑5.

12.	 Verma A, Arora SR, Kumar M. Cardiovascular reactivity in young 
adults with hypertensive and normotensive parents: A gender based 
comparative study. Acta Med Int 2017;4:101‑9.

13.	 Johnstone A. Fasting for weight loss: An effective strategy or latest 
dieting trend? Int J Obes (Lond) 2015;39:727‑33.

14.	 Longo VD, Mattson MP. Fasting: Molecular mechanisms and clinical 
applications. Cell Metab 2014;19:181‑92.

15.	 Mager DE, Wan R, Brown M, Cheng A, Wareski P, Abernethy DR, 
et  al. Caloric restriction and intermittent fasting alter spectral 
measures of heart rate and blood pressure variability in rats. FASEB 
J 2006;20:631‑7.

16.	 Toledo FW, Grundler F, Bergouignan A, Drinda S, Michalsen 
A. Safety, health improvement and well-being during a 4 to 
21-day fasting period in an observational study including 1422 
subjects. PLoS One. 2019;14: e0209353. doi: 10.1371/journal.
pone.0209353.

17.	 Mazurak N, Günther A, Grau FS, Muth ER, Pustovoyt M, Bischoff SC, 
et al. Effects of a 48‑h fast on heart rate variability and cortisol levels 
in healthy female subjects. Eur J Clin Nutr 2013;67:401‑6.

[Downloaded free from http://www.smjonline.org on Tuesday, July 19, 2022, IP: 197.157.252.253]



Adeniyi, et al.: Cardiovascular parameters during fasting

20 Sahel Medical Journal | Volume 25 | Issue 1 / January-March 2022

18.	 M i l l e r   SB ,  Tur ne r   JR ,  She r wood   A ,  B rown ley   K A, 
Hinderliter  AL, Light  KC. Parental history of hypertension 
and cardiovascular response to stress in black and white men. 
Int J Behav Med 1995;2:339‑57.

19.	 Rathi P, Agarwal V, Kumar A. Sympathetic hyperactivity in children 
of hypertensive parents. Ann Neurosci 2013;20:4‑6.

20.	 Musa DI, Toriola AL, Monyeki MA, Williams CA. Relation of fitness 
and fatness with heart rate recovery after maximal exercise in 
Nigerian adolescents. Gazz Med Ital - Arch Sci Med 2020;179:224-30.

21.	 Petry  NM. A  comparison of young, middle‑aged, and older 
adult treatment‑seeking pathological gamblers. Gerontologist 
2002;42:92‑9.

22.	 Khatib FA, Shafagoj YA. Metabolic alterations as a result of Ramadan 
fasting in non‑insulin‑dependent diabetes mellitus patients in relation 
to food intake. Saudi Med J 2001;25:1858‑63.

23.	 Nematy M, Alinezhad‑Namaghi M, Rashed MM, Mozhdehifard M, 
Sajjadi  SS, Akhlaghi  S, et  al. Effects of Ramadan fasting on 
cardiovascular risk factors: A prospective observational study. Nutr 
J 2012;11:69.

24.	 Aybak M, Türkoğlu A, Sermet A, Denli O. Effect of Ramadan fasting 
on platelet aggregation in healthy male subjects. Eur J Appl Physiol 
Occup Physiol 1996;73:552‑6.

25.	 Javed  MH. Effects of Ramadan fasting on some physiological 
and biochemical parameters in healthy and hypertensive subjects 
in Aurangabad District of Maharashtra, India. J  Fasting Health 
2014;2:7‑13.

26.	 Yucel A, Degirmenci B, Acar M, Albayrak R, Haktanir A. The effect 
of fasting month of Ramadan on the abdominal fat distribution: 
Assessment by computed tomography. Tohoku J Exp Med 
2004;204:179‑87.

27.	 Lopes  HF, Silva  HB, Consolim‑Colombo  FM, Barreto Filho  JA, 
Riccio GM, Giorgi DM, et al. Autonomic abnormalities demonstrable 
in young normotensive subjects who are children of hypertensive 
parents. Braz J Med Biol Res 2000;33:51‑4.

28.	 Pal GK, Amudharaj D, Pal P, Saranya K, Lalitha V, Gopinath M, et al. 
Study of sympathovagal imbalance by spectral analysis of heart rate 
variability in young prehypertensives. Indian J Physiol Pharmacol 
2011;55:61‑7.

29.	 Malinowski B, Zalewska K, Wesierska A, Sokolowska MM, Socha M, 
Liczner G, et al. Intermittent fasting in cardiovascular disorders – An 
overview. Nutrients 2019;11:673.

30.	 Grodstein F, Manson J, Stampfer M. Hormone therapy and coronary 
heart disease: The role oftime since menopause and age at hormone 
initiation. J Womens Health 2006;15:35‑44.

31.	 Wan  R, Weigand  LA, Bateman  R, Griffioen  K, Mendelowitz  D, 
Mattson  MP. Evidence that BDNF regulates heart rate by a 
mechanism involving increased brainstem parasympathetic neuron 
excitability. J Neurochem 2014;129:573‑80.

32.	 Yang B, Slonimsky  JD, Birren SJ. A  rapid switch in sympathetic 
neurotransmitter release properties mediated by the p75 receptor. 
Nat Neurosci 2002;5:539‑45.

33.	 Claydon VE, Steeves JD, Krassioukov A. Orthostatic hypotension 
following spinal cord injury: Understanding clinical pathophysiology. 
Spinal Cord 2006;44:341‑51.

34.	 Lauer  MS. Autonomic function and prognosis. Clev Clin J Med 
2009;76:S18‑22.

35.	 Chan  JL, Mietus  JE, Raciti  PM, Goldberger  AL, Mantzoros  CS. 
Short‑term fasting‑induced autonomic activation and changes in 
catecholamine levels are not mediated by changes in leptin levels 
in healthy humans. Clin Endocrinol 2007;66:49‑57.

[Downloaded free from http://www.smjonline.org on Tuesday, July 19, 2022, IP: 197.157.252.253]


