Review Article
PREVALENCE OF MALNUTRITION AMONG PEOPLE LIVING WITH OBESITY
AND HYPERTENSION

ABSTRACT
Background: Obesity is a growing health problem and should keep in mind awhen treating
patients with hypertension because it is a strong predictor of non-controlled blood pressure. As
obesity and its metabolic and hemodynamic consequences are sustained ‘during many years.
Research has provided evidence justifying the management of metabolic components in obese
individuals. The aim of this study is to provide evidence justifying the management of metabolic
components in obese hypertensive individuals

Methods: This was a review study. Journal articles and publications from 2004 to 2022 were
reviewed. Search engines included PubMed, Google Scholar, Science Direct and Cochrane.
Search terms included prevalence, malnutrition,smetabolic syndrome, obesity andhypertension.
A total of 150 papers were retrieved during the search and only 53 were included in the review
Results: The result from this review revealed that the incidence of obesity, has been the main
stimulus for the research of the mechanisms.underlying this pathology and the related disorders.
Therefore, the consequences-are an aggravation of the disease and an increase in obesity related
pathology like diabetes, cardiovascular disease, and cancer.Individuals with significantly higher
weight, body mass index, waist ¢circumference, waist to height ratio, hip circumference, fat mass,
and fat-free mass values had.hypertension compared to normotension, supporting the direct
association between:obesity and hypertension.Hypertension and excess body weight are major
risk factors of cardiovascular morbidity and mortality in developing countries. Some risk factors
associated with the development of hypertension in adults are: age, regular alcohol consumption,
level of physical activity, obesity, stress and fasting blood glucose concentration in blood.
Conclusion: Obesity is a multi factorial pathology and chronic diet related non-communicable
disease. The most widely used parameter for it diagnosis is the body mass index (BMI) which is
not suitable for assessing the body fat and other metabolic components. Obesity is an

independent risk factor for hypertension.
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Recommendation: Other anthropometrics like the waist-hip ratio (WHR), waist to height ratio
(WHTtR) waist circumference and metabolic/biochemical components should be considered in the

diagnosis of obesity.

Keywords: Prevalence, Malnutrition, Metabolic Syndrome, obesity, hypertension.

Introduction: Given the increase of sedentary lifestyle and bad diet in our life, the prevalence of
obesity and hypertension has remarkably increased among most population in the. last years
patients with hypertension because it is a strong predictor of_non-eontrolled blood pressure
(Hammami et al., 2021). As obesity and its metabolic and hemodynamic consequences are
sustained during many years, renal injury gradually makes:the hypertension more severe and
more resistance to therapy (John et al., 2015).. Although weight loss is helpful in managing
hypertension, many obese patients are unable to;sustain adequate weight loss through lifestyle
modifications and there are few available drugs that safely and effectively produce adequate
long-term weight loss. Current therapeutic approaches are, therefore, aimed mainly at treating
the hypertension, and metabolic consequences of obesity, including diabetes mellitus,

dyslipidemia;and inflammation.

The obesity epidemic started in the 1970s, initially in the United States and subsequently
spreading worldwide. Approximately 60-80% of adults in most Western countries are now
overweight or obese, which is unprecedented in human history (Ayton and Ali, 2019). A recent
study by Jennifer et al. (2016) reveals that obesity was independently associated with
hypertension in population-based controls. There is a high prevalence of unrecognized

hypertension and obesity among Inter-Regional Metromass Bus Drivers which were associated

health concern or challenge?




with individual lifestyle and behaviors (Enoch et al., 2020). Increased awareness through
educational and screening programs will trigger lifestyle modifications that will reduce cardio-
metabolic disease onset and offer clues for better disease predictive, preventive and personalized
medicine (Enoch et al., 2020). Hypertension is the commonest risk factor for cardiovascular
diseases and it is associated with many morbidities and mortalities worldwide ‘(Enoch et al.,

2020).

Physiological studies and epidemiological data suggest a potential inverse association between
adult height and blood pressure (Cochran et al., 2021). Significant data exist linking increased
height and leg length with lower blood pressure. These:findings identify shorter individuals as
having higher risk with regard to hypertension and cardiovascular disease (Cochran et al. 2021).
Large scale epidemiological studies have shown.that hypertension is two to three times more
present in the obese than in lean individuals. IMoreover, blood pressure values and body weight
are directly related at any age ofilife (Guido, 2013). This increase in obesity and obesity- related
chronic diseases threaten economies and individual lives (Onwah, 2019). Given the huge costs
(both public and personal) of obesity and how difficult it is to lose weight once one is obese,

prevention now:is key:

Furthermore, ‘disparitiesiin obesityJattributable hypertension exist by sex[Irace/ethnicity. Public
health and ‘policy. changes targeting obesity are needed to reduce the morbidity and mortality
(Natalie et-al;, 2021). Hypertension and dyslipidemia frequently coexisted in obese female along
with other diseases. In obese male, dyslipidemia and diabetes were the major diseases in the co-

morbidity network. Results provide evidence justifying the management of metabolic



components in obese individuals. The results will help prioritize interventions for co-morbidity

reduction as a public health goal (Hye and Hyesook, 2021).

Global: Malnutrition is a universal issue that no country in the world can afford to overlook.
39% of the world’s adults are obese (2018 Global Nutrition Report). Beyond health, slow
progress on malnutrition is also impacting the social and economic development of countries. It
is estimated that malnutrition in all its forms could cost society up to US$3.5 trillion‘per year,
with obesity alone costing US$500 billion per year (2018 Global Nutrition Report). According to
the 2018 Global Nutrition Report, malnutrition is responsible for-more ill-health than any other
cause. According to WHO (2021), the fundamental cause of:obesity is an energy imbalance
between calories consumed and calories expended. Globally, there has been an increased intake
of energy-dense foods that are high in fat and sugars;.and an increase in physical inactivity due
to the increasingly sedentary nature of many forms of:work, changing modes of transportation,
and increasing urbanization. Body mass index (BMI) is a simple index of weight-for-height that
is commonly used to classify-overweight and obesity in adults. It is defined as a person's weight
in kilograms divided by the square of his height in meters (kg/m?). For adults, WHO defines
obesity as a BMI greater than or equal to 30 (WHO, 2021). The risk for these non-communicable
diseases increases, with increases in BMI (WHO, 2021). The health consequences of obesity and

hypertension contribute to an estimated four million deaths.
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Figure 1: The prevalence of hypertension and obesity-related hypertension across different age
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Worldwide obesity has negjfy@pled%%ce 1975. In 2016, over 650 million were obese making a

total of 13% adults. Most/of%;“w@gld's population lives in countries where obesity kills more
-y L

people than undgrweigiai (WHQO, 2021). Hypertension is the single largest global contributor to

disability-adjusted

app{Qxima;%IyﬁG million adults (34%) in the United States are affected by hypertension, which
is defined as z§systolic blood pressure (SBP) of 140 mm Hg or more or a diastolic blood pressure

life years lost. According to the American Heart Association (AHA),

(DBP) of 90 mm Hg or more, taking antihypertensive medication, or having been told by
clinicians on at least 2 occasions as having hypertension (Whelton et al., 2017). The majority of
the populations aged over 60 years have hypertension (Christopher et al., 2021). Obesity and

hypertension are the next major epidemiologic challenge facing today's doctors, with the annual



allocation of healthcare resources for the disease and related co-morbidities projected to exceed
$150 billion in the United States (Ryan et al., 2010). Another study by Omair and Travis (2020)
showed that obesity is a significant public health challenge worldwide and is inextricably linked
to adverse cardiovascular outcomes. The relationship between excess adiposity and increased
blood pressure is well established, and it is estimated that obesity accounts for 65=78% of cases
of primary hypertension (Omair and Travis, 2020). High blood pressure «is the.most.common
cardiovascular disorder affecting approximately one billion people globally and remains a major

contributor to the global burden of non-communicable diseases and mortality.

A study on cardiovascular disease which assess intakes of.refined grains, whole grains, and white
rice at a median follow-up of 9.5 years, 9.2% experienced ‘a;primary outcome, which was a
composite of death and major cardiovascular events (cardiovascular death, nonfatal myocardial
infarction, heart failure, or stroke). Higher intake of refined grains was associated with higher

risk (Swaminathan et al., 2021).

Excess weight gain, especially when associated with increased visceral adiposity, is a major
cause of hypertension, accounting for 65% to 75% of the risk for human primary (essential)
hypertension: Increased renal tubular sodium re-absorption impairs pressure natriuresis and plays

an important role in initiating obesity hypertension (John et al., 2015).

Prevention at the individual level is achieved by limiting energy intake from total fats and sugars,
increasing consumption of fruit and vegetables, as well as legumes, whole grains and nuts; and
engaging in regular physical activity (60 minutes a day for children and 150 minutes spread
through the week for adults). This is possible through sustained implementation of evidence

based and population based policies that make regular physical activity and healthier dietary



choices available, affordable and easily accessible to everyone, particularly to the poorest

individuals. An example of such a policy is a tax on sugar sweetened beverages (WHO, 2021).

Prevention of obesity and hypertension at the industry level can be achieved by reducing the fat,
sugar and salt content of processed foods, ensuring that healthy and nutritious choices are
available and affordable to all consumers; restricting marketing of foods high in.sugars, salt and
fats, especially those foods aimed at children and teenagers; and ensuring the availability of
healthy food choices and supporting regular physical activity practice:in the workplace (WHO,

2021).

Africa: Hypertension and obesity are major public health coneerns that contribute substantially
to the rising global trend in morbidity and. premature. mortality (Akpa et al., 2020). The global
burden of disease attributable to hypertension:has significantly increased from ~4.5% in 2000 to
7% in 2010 and is predicted to rise to as high as 29.2% (28.8%-29.7%) by 2025. Compared with
other WHO regions, Africa. has the highest prevalence of hypertension with an overall
prevalence of 46% in adults aged 25.years and above (Akpa et al., 2020). Obesity is an important
risk factor for. hypertension and other cardiovascular diseases. Its prevalence is on the rise
globally and currentestimates show that 20% to 50% of people living in urban populations in
Africa are either ‘overweight or obese. Thus, obesity and hypertension are 2 of the most

important risk factors for morbidity and mortality in Africa (Akpa et al., 2020).



Regional patterns and the association between obesity and hypertension in
Africa: the H3Africa CHAIR study
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Figure 2; Regional Patterns and the Association between Obesity and Hypertension in Africa.

According to Akpa et al. (2020), the age-standardized prevalence of hypertension was 19.3%
(95%Cl: 17.3-21.3) in rural Nigeria, 21.4% (19.8-23.0) in rural Kenya, 23.7% (21.3-26.2) in

urban Tanzania, and 38.0% (35.9-40.1) in urban Namibia. In individuals with hypertension, the



proportion of grade 2 (>160/100 mmHg) or grade 3 hypertension (>180/110 mmHg) ranged from
29.2% (Namibia) to 43.3% (Nigeria) (Hendriks et al., 2012). According to Hendriks et al.,
(2012) control of hypertension ranged from 2.6% in Kenya to 17.8% in Namibia. Obesity
prevalence (BMI >30) ranged from 6.1% (Nigeria) to 17.4% (Tanzania) and together with age

and gender, BMI independently predicted blood pressure level in all study populations

According to Jennifer et al. (2016) hypertension and obesity are the most important modifiable
risk factors for cardiovascular diseases, but their association is not:well characterized in Africa.
Obesity and hypertension are major risk factors for cardiovascular diseases; hypertension is a
major public health challenge worldwide; it is the mostiimportant risk factor for cardiovascular
disease (mainly heart disease and stroke) amongst others:(lkeoluwapo et al., 2016), which were
the leading cause of death in 2012., Hypertension once rare in traditional African societies, is
now a major public health problem probably: because.of a rise in its risk factors (Fuh et al.,
2019); it is a major health problem in:Ghana, being a leading cause of admissions and deaths in
the country (Bosu and Bosu;=2021). More than one in four adults in Ghana have hypertension.
This high prevalence has persisted. for decades and is similar in rural and urban populations.
With the low awareness and poor control of hypertension, greater investments in cardiovascular
health are required if Ghana is to meet the global target for hypertension (Bosu and Bosu, 2021).
In low-and-middle“income countries and sub-Saharan Africa (SSA), about 46% of the people
currently have hypertension. More disturbing are those having subclinical disease, also known as
suboptimal health. This state is defined as an intermediate between health and chronic disease,
such as hypertension, and characterized by perceived body weakness and lack of vitality (Enoch
et al., 2020). Obese Africans were more than twice as likely to be hypertensive and the odds

increased with increasing age. Hypertension is becoming an increasingly common health issue



worldwide, especially in countries in Sub-Saharan Africa. Hypertension is the leading risk factor
for premature death and disability worldwide, and it is the leading risk factor for mortality from
cardiovascular diseases worldwide (Saeed et al., 2020). There is a high rate of hypertension in
Eastern Sudan, especially among older and obese individuals. Preventive measures, such as

dietary measures, should be implemented (Saeed et al., 2020).

The trend of global prevalence for hypertension has been dramatically increasing, for the:past two
decades in Southeast Asian countries. A systematic review aiming, to. assess the prevalence of
hypertension and its risk factors among the urban population. in-Southeast /Asian countries was
conducted. The common risk factors that we found=were. male, ethnicity, education and
socioeconomic level, body mass index, waist circumference, smoking, and dyslipidaemia. The
review indicates an urgent need for primary and. secondary prevention activities. Therefore, a
multisectoral and intersectoral approach and eollaboration should be undertaken to improve the
overall health outcomes of all populations in all*Southeast Asian countries (Azmawati et al.,
2021). Obesity must be considered a real pathology. In the world wide, obesity represents one of
the major public health issue associated with increased morbidity and mortality. Despite
numerous informative campaigns, unfortunately, the fight against obesity does not seem to work:

in the last years, the'prevalence continued to increase (Antonino et al., 2019).

Nigeria and Edo State: A study by Chukwuonye et al. (2013), demonstrates the current
relatively high prevalence of obesity and overweight in urban adults in Nigeria, and provides
robust data that can be applied to highlight the imperative need to reinforce and implement
preventive strategies to change the paradigm. From 35 studies (n=52,816), the pooled crude

prevalence rates of overweight and obesity in Nigeria were 25.0% (95% confidence interval, Cl:



20.4-29.6) and 14.3% (95% CI: 12.0-15.5), respectively. The prevalence in women was higher
compared to men at 25.5% (95% CI: 17.1-34.0) versus 25.2% (95% CI: 18.0-32.4) for
overweight, and 19.8% (95% CI: 3.9-25.6) versus 12.9% (95% CI: 9.1-16.7) for obesity,
respectively. The pooled mean body mass index (BMI) and waist circumference were
25.6 kg/m® and 86.5 cm, respectively. We estimated that there were 21 million and 12 million
overweight and obese persons in the Nigerian population aged 15 years or moere:in 2020,
accounting for an age-adjusted prevalence of 20.3% and 11.6%, respectively. The prevalence
rates of overweight and obesity were consistently higher among urban. dwellers (27.2% and

14.4%) compared to rural dwellers (16.4% and 12.1%). (Adeloye et al;;.2021).
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Adverse cardiovascular outcomes are linked to higher burden of obesity and hypertension
(Adegoke. et al. 2021). A secondary analysis of data was conducted for 5135 participants aged
> 16 years from community-based hypertension prevalence study to determine the prevalence of
obesity and association between multiple anthropometric indices and blood pressure (BP). The

indices were waist circumference (WC), body mass index (BMI), waist-to-height ratio (WHtR),



waist-to-hip ratio (WHR), a body shape index(ABSI), abdominal volume index (AVI), body
adiposity index (BAI), body roundness index (BRI), visceral adiposity index (VAI) and conicity
index (CI). A statistical analysis was performed to determine the association, predictive ability,
cutoff values and independent determinants of hypertension. Crude prevalence of obesity was
136 per 1000 (95% confidence interval 126-146). BMI had the strongest correlation with
systolic and diastolic BP (r=0.260 and 0.264, respectively). Indices of central adiposity (AVI,
WC, WHtR, BRI) were the strongest predictors of hypertension (> 140/90 mmHg), and their cut-
off values were generally higher in females than males. WHR, age, BMI and CI were
independent determinants of hypertension >140 mmHg (p <0.05). The study concluded that
measures of central adiposity are the strongest predictors and independent determinants of

hypertension in the studied population (Adegoke. et al. 2021).

The prevalence of overweight and obesity were 13.8% and 9.4%, respectively. The prevalence of
hypertensive range systolic BP .inobese versus:normal BMI females was 16% versus 23%
(p=0.00) and 12.1% versus 6.4% (p=0.27) in males. The prevalence of hypertensive range
diastolic BP in obese versus. normal BMI females was 12% versus 1.4% (p=0.00) and 15.2%
versus 3.5% (p=0:01) “in males. BMI in group B was significantly associated with pre-
hypertensive ‘and hypertensive range systolic BP in overweight (P =0.01, P=0.002) and obese
subjects; (P =,0.00,,P.=0.00) and with hypertensive range diastolic BP (P=0.00) only in obese
subjects. The only significant association in group A was between obesity and pre-hypertensive

range diastolic BP (P =0.00) (Oduwole et al. 2012).

Cardiovascular risk factors of hypertension and obesity differ substantially between women and
men in rural communities (Abraham et al., 2021). Targeted public health response to obesity in

Nigeria is relatively low due to limited epidemiologic understanding (Davies et al., 2021). The



overall prevalence of hypertension was 33.1% (male 36.8% and female 31.1%). The proportion
of self reported hypertension was 11.1%, while 5.1% were currently on anti-hypertensive
medication. The mean age of the respondents was 38.8 £15.6 years. The body mass index of the
respondents was 5.2%, 52.0%, 29.5% and 13.3% for underweight, normal, overweight and
obese, respectively. Alcohol and tobacco use were found in 11.5% and 3.2%, respectively. The
result of binary logistic regression analysis revealed that hypertension was significantly
associated with being in age groups 30-49 years (OR 2.258, 95% CI: 1.311 - 3.884), >50 years
(OR 7.145, 95% CI: 3.644 - 14.011), being overweight or obese (OR 2.281, 95% CI: 1.022 —
5.088). Hypertension was inversely associated with being underweight (OR 0.537, 95% CI:

0.395 - 0.832) 2021). (Ajayi et al. 2021).

The study further demonstrates that both BMI and:the anthropometric indices of central adiposity
are important contributors to the development of hypertension. However, the anthropometric
indices of central adiposity (WHR, Cl. AVl, WC, WHtR) may be more predictive of
hypertension, and their routine. incorporation was proposed into clinical practice instead of the
over reliance on BMI alone. The findings also highlighted the relative impreciseness of cutoffs
and caution that population specific ranges or cutoff values may be a more practical guide for
guiding or-benchmarking implementation of lifestyle modifications in practice. It was therefore
acknowledged:that" the findings require further corroboration in the context of population

(Chukwuonye et al., 2013).

Discussion: The progressive and rapid increase in the incidence of obesity, which has
characterized most of the economically advanced countries in the last decade, has been the main

stimulus for the research of the mechanisms underlying this pathology and the related disorders



(Antonino et al., 2019). The fallout of a correct and early diagnosis of obesity will also produce
lower health costs for primary and secondary prevention of the most common degenerative
diseases related to it (Antonino et al., 2019). Hence, the absolute therapeutic benefit is directly
proportional to the basic risk. So, internationally interest on early diagnosis of obesity is growing
to avoid under- and over-diagnosis consequences. Therefore, the consequences are an
aggravation of the disease and an increase in obesity related pathelogy. like :diabetes,

cardiovascular disease, and cancer(Antonino et al., 2019).

The clustering of obesity and other features of the metabolic syndrome might have important
implications for prevention, particularly with regard to.whether.interventions targeted at visceral
obesity would have beneficial effects on cardiovascular and renal morbidity (Krzysztof, 2006).
Idiopathic intracranial hypertension incidence:and. prevalence is increasing considerably,
corresponding to population increases in body mass index. This has important implications for
health care professionals and policy. makers given the comorbidities, complications, and
increased health care utilization associated with idiopathic intracranial hypertension (Latif et al.,

2021).

Estimating the effects of populationJlevel increases in obesity on incident hypertension has
substantial .implications for public health policy (Natalie et al., 2021). Individuals with
significantly.higher weight, body mass index, waist circumference, hip circumference, fat mass,
and fat-free<-mass values had hypertension compared to participants with normotension,

supporting the direct association between obesity and hypertension.

Hypertension and excess body weight are major risk factors of cardiovascular morbidity and

mortality in developing countries. Findings from research suggest a high prevalence of obesity in



Nigeria. This is marked in urban Nigeria and among women, which may in part be due to
widespread sedentary lifestyles and a surge in processed food outlets, largely reflective of a trend
across many African settings (Davies et al., 2021). From all studies, the highest prevalence of
obesity was reported in Umuahia, Abia State, South-east Nigeria in 2012 at 33.7% (Ogah et al.,
(2013), with the lowest rate recorded in Kano, North-west Nigeria in 2013 at 0.84% (Shehu et
al., 2013). Some risk factors associated with the development of hypertension (HTEN).in adults
are: age, regular alcohol consumption, level of physical activity, obesity, stress and-fasting blood
glucose concentration in blood. More than 60% of the study participants had<knowledge on
hypertension, practice save eating habits and exercise (Fuh et al.,“2019). The prevalence of
obesity in Irrua is similar to reports from other suburban.communities, though

slightly higher than expected in this region (Onwah; 2019). This may be due to gradual changes
in the lifestyle of the residents. The indices of obesity studied showed positive correlation with
co- morbidities like hypertension and stroke which.is the leading cause of death and disability
worldwide, with hypertension being the most prevalent risk factor for stroke (Okokhere et al.,
2013; Onwah, 2019). This study reveals that obesity and its’ correlates and co morbidities are an

increasing problem in this region.(Onwah, 2019).

Conclusion:Obesity.is a multi factorial pathology and chronic diet related non-communicable
disease. The most widely used parameter for it diagnosis is the body mass index (BMI) which is
not suitable for assessing the body fat. Many studies demonstrate that BMI alone cannot be use
to define obesity. Obesity, most especially abdominal obesity is an independent risk factor for
the development and progression of hypertension.Hypertension is a common health condition

among people and most studies focused on the impact of body mass index (BMI).



Recommendation:Health talks on diet, regular physical activity and screening, are
recommended.

Sensitization of the population on hypertension and its complications is important.

Specific guidelines for treating obesity-associated hypertension, in addition to the

recommendation of reducing weight, are necessary.

Increased physical activity, abstaining from alcohol and smoking, increased intake of fruits and
vegetables, and reduced intake of carbohydrates, meat, and fat have:a positive influence on blood

pressure control.

Therefore, weight-reduction interventions are essential forreducing the prevalence of

hypertension.

Other parameters like the waist-hip ratio(WHR), . waist-height ratio (WHtR) and waist
circumference should be considered in.the diagnosis of obesity which has been found to have a

strong association with systolic and diastolic blood pressures.



lREFERENCES‘ [ Comment [RV4]: Review the referencing and

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" need to follow one style

1. Abraham Malaza, Joel Mossong, Till Béarnighausen, Marie-Louise Newell (2021).
Hypertension and Obesity in Adults Living in a High HIV Prevalence Rural Area in
South Africa, https://doi.org/10.1371/journal.pone.0047761.

2. Adegoke, O., Ozoh, O.B., Odeniyi, I.A. et al. (2021). Prevalence of obesity and an
interrogation of the correlation between anthropometric indices and blood pressures in
urban Lagos, Nigeria, Sci Rep 11,3522. https://doi.org/10.1038/s41598-021-83055-w

3. Adeloye Davies, Janet O. lge-Elegbede, Martinsixtus Ezejimofor, Eyitayo O. Owolabi,
Nnenna Ezeigwe, Chiamaka Omoyele, Rex G. Mpazanje, Mary T. Dewan, Emmanuel
Agogo, Muktar A. Gadanya, Wondimagegnehu Alemu, Michael O. Harhay, Asa Auta
and Akindele O. Adebiyi (2021). Estimating the prevalence of overweight and obesity in
Nigeria in 2020: a systematic review and meta-analysis, Ann Med.; 53(1): 495-507. doi:
10.1080/07853890.2021.1897665.

4. Ajayi,lkeoluwapo O Ibukun Opeyemi Sowemimo, Onoja:Matthew Akpa, Ndudi Edmund
Ossai (2021). Prevalence of hypertension and associated factors among residents of
Ibadan-North Local Government Area of Nigeria;13 (1): 67-7

5. Akpa O. M., Felix Made, Akinlolu Ojo, Bruce Ovbiagele, et al (2020). Regional Patterns
and Association Between.Obesity and Hypertension in Africa, Hypertension;75(5):1167—
1178; https://doi.org/10.1161/HYPERTENSIONAHA.119.14147.

6. Antonino De Lorenzo, Santo Gratteri, Paola Gualtieri, Andrea Cammarano, Pierfrancesco
Bertucci and Laura Di Renzo (2019). Why primary obesity is a disease?, Journal of
Translational Medicine; 17, 169.

7. Ayton Agness and Ali Tbrahim (2019). Should obesity be recognised as a disease?, BMJ;
366:14258.

8. Azmawati Mohammed Nawi, Zulkefley Mohammad, Kavita Jetly, Mohamad Aznuddin
Abd Razak, Nur Suhada Ramli, Wan Abdul Hannan Wan lIbadullah, Norfazilah Ahmad
(2021). "The Prevalence and Risk Factors of Hypertension among the Urban Population
in Southeast Asian Countries: A Systematic Review and Meta-Analysis", International
Journal of Hypertension; vol. 2021, 14 pages.

9. Bosu W. K. and Bosu D. K. (2021). Prevalence, awareness and control of hypertension in
Ghana: A systematic review and meta-analysis, PLoS ONE; 16(3): €0248137.



10.

11

12.

13.

51

14.

15.

16.

17.

18.

Christopher E. Clark, Sinead T. J. McDonagh, Richard J. McManus and Una Martin
(2021). COVID-19 and hypertension: risks and management. A scientific statement on
behalf of the British and Irish Hypertension Society, Journal of Human Hypertension; 35,
304-307.

. Chukwuonye 1. I., Chuku A., John C., Ohagwu K. A., Imoh M. E., Isa S. E., Ogah O. S.,

Oviasu E. (2013). Prevalence of overweight and obesity in adult Nigerians - a systematic
review, Diabetes Metab Syndr Obes; 6:43-7.

Cochran J. M., Siebert V. R., Bates J., Butulija D., Kolpakchi A., Kadiyala:H., Taylor A.
and Jneid H. (2021). The Relationship between Adult Height"and: Blood“Pressure,
Cardiology; 146:345-350.

Davies Adeloyea, Janet O. lge-Elegbedeb, Martinsixtus :Ezejimoforc, Eyitayo O.
Owolabie, et al (2021). Estimating the prevalence of overweight and obesity in Nigeria in
2020: a systematic review and meta-analysis, Annals of Medicine; 53(1), 495-507.

Egbi O G, Sulaiman Dazumi Ahmed and Reli Madubuko (2021). Prevalence and
biosocial determinants of hypertensionin, a rural population in Edo State, Southern
Nigeria. African Journal of Primary Health Care \& Family Medicine, volume; 13.

Emefa Modey Amoah, Darlene Esinam-Okai, Adom Manu, Amos Laar, Joseph Akamah,
Kwasi Torpey (2020). "The Role of Lifestyle Factors in Controlling Blood Pressure
among Hypertensive Patients:.in° Two Health Facilities in Urban Ghana: A Cross-
Sectional Study", International Journal of Hypertension, Article ID 9379128, 8 pages.

Enoch Odame Anto, W K B A Owiredu, Eric Adua, Christian Obirikorang, Linda
Ahenkorah Fondjo, Max Efui Annani-Akollor, Emmanuel Acheampong, Evans Adu
Asamoah,Peter:Roberts,» Wei Wang and Sampson Donkor (2020). Prevalence and
lifestyle-related risk factors of obesity and unrecognized hypertension among bus drivers
in Ghana, Heliyon; 6(1):e03147.

Ezemagu U. Kenneth, Uzomba Godwin Chinedu, Agbii Okechukwu Christian, P. O.
Ezeonu, -S. G. Obaje (2021), "Analyzing Trio-Anthropometric Predictors of
Hypertension: Determining the Susceptibility of Blood Pressure to Sexual Dimorphism in
Body Stature", International Journal of Hypertension, vol. 2021, 6 pages.

Falkner Bonita (2017), Monitoring and management of hypertension with obesity in
adolescents, Integr Blood Press Control; 10: 33-39.

Fouad A. Ahmed and Rehab F. M. Ali (2013), "Bioactive Compounds and Antioxidant
Activity of Fresh and Processed White Cauliflower"”, Biomedical Research International;
367819.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Fuh Princewel, Samuel Nambile Cumber, Judith Anchang Kimbi, Claude Ngwayu
Nkfusai, Elsie Indah Keka, Vecheusi Zennobia Viyoff, Terence Epie Beteck, Fala Bede,
Joyce Mahlako Tsoka-Gwegweni, Eric Achidi Akum (2019). Prevalence and risk factors
associated with hypertension among adults in a rural setting: the case of Ombe,
Cameroon, pamj ; 34, 147.

Guido Grassi (2013). How to treat hypertension in the obese, European Society of
Cardiology; 12, 2 — 18.

Hammami, Rania, Bahloul, Amine, Triki, Syrine, Charfeddine, Selma;.Triki Faten,
Zakhama, Lilia, Addad, Fawzi, Abdessalem, Salem and Abid, Leila (2021). tmpact of
Overweight and Obesity on Blood Pressure Control Among:Hypertensive Patients
(Results from Nature Htn); Journal of Hypertension; 39, 339.

Harlan M. Krumholz, reviewing Filippini T., Marcella Malavolti, Paul K. Whelton,
Androniki Naska, Nicola Orsini and Marco Vinceti (2021). Dose—=Response Relationship
of Salt and Blood Pressure in Experimental Studies, Circulation; 143:1542.

Hendriks M. E., Ferdinand W. N. M. Wit;:Marijke T. L.'Roos, Lizzy M. Brewster, et al.
(2012). Hypertension in Sub-Saharan. Africa: Cross-Sectional Surveys in Four Rural and
Urban Communities; https://doi.org/10.1371/journal.pone.0032638.

Hye Ah Lee, Hyesook Park (2021)., Comorbidity network analysis related to obesity in
middle-aged and older @dults: findings from Korean population-based survey data,
Epidemiology and Health; 43: e2021018.

lkeoluwapo O Ajayi, Ibukun Opeyemi Sowemimo, Onoja Matthew Akpa and Ndudi
Edmund Ossai (2016). Prevalence of hypertension and associated factors among residents
of Ibadan=NorthLocal Government Area of Nigeria, Nigerian Journal of Cardiology;
13(1), 67-75.

Jennifer E. Reed; Katherine T. Mills, Joshua D. Bundy, Tanika N. Kelly, Patricia M.
Kearney, Kristi Reynolds, Jing Chen, and Jiang He (2016). Global Disparities of
Hypertension Prevalence and Control: A Systematic Analysis of Population-based
Studies from 90 Countries, Circulation; 134(6): 441-450.

Jevon Phil (2020). Blood pressure 1: key principles and types of measuring equipment,
Nursing Times [online]; 116(7), 36-38.

John E. Hall, Jussara M. do Carmo, Alexandre A. da Silva, Zhen Wang, and Michael E.
Hall (2015). Obesity-Induced Hypertension, Circulation Research; 116:991-1006.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jonathan Sorof and Daniels Stephen (2002). Obesity Hypertension in Children: A
Problem of Epidemic Proportions, Hypertension; 40:441-447.

Krzysztof Narkiewicz (2006). Obesity and hypertension—the issue is more complex than
we thought, Nephrology Dialysis Transplantation; 21(2), 264-267.

Lanas Fernando and Seron Pamela (2020). Diverging trends in obesity, diabetes, and
raised blood pressure in the Americas, The Lancet Global Health; 8 (1), 18-19.

Latif Miah, Huw Strafford, Beata Fonferko-Shadrach, Joe Hollinghurst, Inder M.S.
Sawhney, Savvas Hadjikoutis, Mark |. Rees, Rob Powell, Arron Lacey and William O.
Pickrell (2021). Incidence, Prevalence, and Health Care Outcomesin. Idiopathic
Intracranial Hypertension A Population Study, American Academy of Neurology; 96 (8),
1251-1261.

Moath Abu Ejheisheh, Correa-Rodriguez Maria,” Nora_Suleiman-Martos, Membrive-
Jiménez Maria Jose, Almudena Velando-Soriane, Schmidt-RioValle Jacqueline and Luis
Gomez-Urquiza José (2020). Prevalence of Depression-.in Coronary Artery Bypass
Surgery: A Systematic Review and Meta=Analysis, J Clin'Med; 9(4):909.

Nancy T. Browne, Julia A. Snethen, Cindy Smith Greenberg, Marilyn Frenn, Jill F.
Kilanowski, Bonnie Gance-Cleveland;. Pamela J. Burke, and Linda Lewandowski (2021).
When Pandemics Collide: The:Impact of COVID-19 on Childhood Obesity, J Pediatr
Nurs; 56: 90-98.

Natalie A. Cameron;,-Lucia C. Petito, Megan McCabe, Norrina B. Allen, Matthew J.
O’Brien, Mercedes. R. Carnethon and Sadiya S. Khan (2021). Quantifying the
Sex[IRace/Ethnicity[ 'Specifi¢, Burden of Obesity on Incident Diabetes Mellitus in the
United States, 2001 to 2016: MESA and NHANES, Journal of the American Heart
Association; 10, 018799.

Norbert Stefan, -Andreas L. Birkenfeld and Matthias B. Schulze (2021). Global
pandemicstinterconnected — obesity, impaired metabolic health and COVID-19; Nature
Reviews Endocrinology; 17, 135-149.

Oduwole, A.A., Ladapo, T.A., Fajolu, I.B. et al. (2012). Obesity and elevated blood
pressure among adolescents in Lagos, Nigeria: a cross-sectional study. BMC Public
Health; 12, 616. https://doi.org/10.1186/1471-2458-12-616

Ogah O. S., Madukwe O. O., Onyeonoro U. U, et al. (2013). Cardiovascular risk factors
and non-communicable diseases in Abia state, Nigeria: report of a community-based
survey, Int J Med Biomed Res; 2(1):57-68.



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Okokhere Peter O., Bankole Idowu A., and Erohubie Christian A. (2013). Characteristics,
risk factors and case fatality rate of stroke in hospitalized patients in semi-urban South—
South Nigeria, SAGE Open Med; 1: 2050312113516112.

Omair A. Shariq, Travis J. McKenzie (2020). Obesity-related hypertension: a review of
pathophysiology, management, and the role of metabolic surgery, Gland Surg; 9(1): 80—
93.

Onoja M. Akpa, Akinlolu Ojo, Bruce Ovbiagele, Dwomoa Adu, Ayesha A. Motala,
Bongani M. Mayosi, Sally N. Adebamowo, Mark E. Engel, Bamidele Tayo.and Charles
Rotimi (2020). Evidence From the H3Africa CHAIR Study. Hypertension; 75: 1167—
1178, https://doi.org/10.1161/HYPERTENSIONAHA.119.14147

Onwah Amanda Oghomen (2019). Prevalence And Correlates Of.Obesity In Irrua, Edo
State, Nigeria, National Postgrduate Medical College of Nigeria “(NPMCN), Article
Section.

Palatini P and Parati G. (2011). Blood pressure:measurement in very obese patients: a
challenging problem. Journal of Hypertension; 29(3):425-9. doi:
10.1097/HJH.0b013e3283435b65. PMID:.21317721.

Ryan Richard M., NettaWeinstein, Jessey Bernstein, Kirk Warren Brown, Louis Mistretta
and Marylene Gagne(2010).Vitalizing effects of being outdoors and in nature. Journal of
Environmental Psychology;Volume 30, Issue 2, June 2010, Pages 159-168,
https://doi.org/10.1016/j.jenvp.2009.10.0009.

Saeed M. Omar, Imad R. Musa, Osman E. Osman and Ishag Adam (2020). Prevalence
and associated factors of hypertension among adults in Gadarif in eastern Sudan: a
community=based/study, BMC Public Health; 20, 291.

ShehuYusuf, Mijinyawa Muhammad, Musa Baba, Gezawa Ibrahim, Uloko Andrew
(2018). Metabolic Syndrome Overweight and Obesity among Adolescents in Kano,
Nigeria, Journal of Metabolic Syndrome; 2 (21).

Swaminathan S, Dehghan M, Raj JM, Thomas T, Rangarajan et al (2021). Associations
of cereal grains intake with cardiovascular disease and mortality across 21 countries in
Prospective Urban and Rural Epidemiology study: Prospective cohort study. BMJ 2021
Feb 3; 372:m4948. (https://doi.org/10.1136/bmj.m4948).

Tucker Miriam E. (2015). New US Obesity Guidelines: Treat the Weight First,
https://www.medscape.com/viewarticle/838285.



49.

50.

51.

52

53.

UNICEF (2018). Global Nutrition Report. https://www.unicef.org/press-releases/2018-
global-nutrition-report-reveals-malnutrition-unacceptably-high-and-affects. Sourced on
the 25th March, 2023.

Whelton P. K., Carey R. M. Aronow W. S, et al (2017).
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A
Report of the American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Hypertension; 71(6):13 - 115.

WHO (2021). Key facts Obesity and overweight, https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight.

. Zhang, Y., Hou, LS., Tang, WW. et al. (2019). High prevalence of: obesity-related

hypertension among adults aged 40 to 79 years in Southwest China. Sci Rep9, 15838
(2019). https://doi.org/10.1038/s41598-019-52132-6Zhang, Y., Hou, LS., Tang, WW. et
al. High prevalence of obesity-related hypertension among adults aged 40 to 79 years in
Southwest China. Sci Rep9, 15838 (2019). https://doi.org/10:1038/s41598-019-52132-6.

Zhang, Y., Hou, LS., Tang, WW. etal. High prevalence of obesity-related hypertension
among adults aged 40 to 79 .years in Southwest China. Sci Rep9, 15838 (2019).
https://doi.org/10.1038/s41598-019-52132-6Zhang, Y., Hou, LS., Tang, WW. et al. High
prevalence of obesity-related hypertension among adults aged 40 to 79 years in
Southwest China. Sci Rep9; 15838 (2019): https://doi.org/10.1038/s41598-019-52132-6.



