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Introduction
Ghana is undergoing rapid epidemiological and demographic transitions.  The proportion of the population aged 60 years and older is projected to reach 12.6% in 2050 from 5.4% in 2010 while the urban population increased from 23.3% in 1960 to 50.9% in 2010. These developments have contributed to a changing disease profile with an increasing burden of chronic noncommunicable diseases (NCDs).  The share of total deaths in all ages due to cardiovascular diseases almost doubled from 10.8% in 1990 to 18.2% in 2017.  Although hypertension is a major risk factor for cardiovascular diseases, its determinants have not been adequately explored in adults aged 50 years and older in Ghana.  

Objectives
The study sought to assess the prevalence of hypertension, its severity and its determinants of hypertension in community-dwelling older adults at and over two time points.  It also estimated the level of awareness, treatment experience and blood pressure (BP) control among people with hypertension as well as the clustering of risk factors among the study participants.  

Methods
The study involved two components.  One component estimated the prevalence of hypertension in older adults in Ghana within the framework of a systematic review and meta-analysis of community-based studies on the prevalence of hypertension in older adults in Africa published between 1980 and May 2018.  The review involved the use of appropriate search terms in major databases to maximise yield.  The pooled prevalence was estimated using a random effects model.  Measures to assess the quality of the results included independent assessment of the risk of bias in the included studies, sensitivity analysis involving the exclusion of one study at a time to assess its effect on the pooled prevalence and the assessment of the presence of reporting bias.  
The other component involved the analysis of publicly available datasets of two waves of a nationally representative Study on global AGEing and adult health (SAGE) in Ghana conducted in 2007/2008 and in 2015 respectively.  A series of single level (individual), multilevel (individuals nested in households which are in turn nested in enumeration area) as well as ordinal (to capture different grades of hypertension) regression models were fitted to the data with hypertension defined alternatively as a binary and an ordinal outcome variable.  The different categories of the ordinal outcome variable corresponded to increasing levels of hypertension.  All models included a wide range of demographic, socioeconomic and lifestyle-related explanatory variables.  Statistical analyses were first conducted separately for Wave 1 (W1) and Wave 2 (W2) participants and then secondly, by pooling together the W1 and W2 datasets for longitudinal data analysis.  

Main findings
The systematic review involved 34 studies which enrolled 43,025 individuals from 15 African countries.  There were four studies from Ghana involving 10,519 older adults.  The pooled prevalence of hypertension among the older adults from Ghana was 44.0% [95% confidence interval (CI) 34.0%-54.0%].  In the secondary data analyses, the prevalence of hypertension declined from 57.1% in W1 to 35.1% in W2.  Of those with hypertension, 25.1% in W1 and 12.5% in W2 had severe or grade 3 hypertension with blood pressure >180/110 mmHg.  About 13.2% and 21.6% of the variation in the prevalence of hypertension in W1 and W2 respectively could be attributed to unobserved between-households and between-enumeration area differences, after accounting for the predictor variables in the model.
Most of the major determinants that were independently associated with hypertension were also associated with severe hypertension in the separate study wave analyses as well as in the longitudinal data analyses.  Residence in the Greater Accra Region (GAR) [odds ratio (OR) 2.94, 95% CI 2.04-4.25) relative to residence in the northern regions]; urban residence (OR 1.24, 95% CI 1.04-1.48 relative to rural residence); being unmarried or having never been married (OR 1.50, 95% CI 1.27-1.78 relative to being currently married); being overweight (OR 2.23, 95% CI 1.67-2.98 relative to underweight) or obese (OR 2.52, 95% CI 1.77-3.58) were positive predictors of hypertension over time.  The odds of hypertension increased with increasing body mass index category.  In contrast, having recently worked for at least two days in the past week (OR 0.70, 95% CI 0.59-0.83 relative to not currently working) and having participated in study W2 (OR 0.28, 95% CI 0.23-0.34) were negative predictors of hypertension.  
Of the older adults with hypertension, 24.1% in W1 and 27.6% in W2 were aware of their condition from a previous diagnosis while only 4.8% and 2.3% respectively waves had their blood pressure controlled.  Older adults in Ghana had an average of 2.5 concurrent NCD risk factors.  Clustering of risk factors was common with 83.0% of the older adults in W1 and 71.4% of those in W2 having two or more concurrent risk factors.  

Conclusions
This is one of the few studies in Africa to explore the determinants of hypertension in older adults through longitudinal data analysis and multilevel techniques.  The study showed a high prevalence of hypertension in older adults which appears to have declined over time.  The reasons for the decline could be related to the assessment of hypertension through single visit blood pressure measurements, a protocol which is known to overestimate the prevalence of hypertension.  The significant proportion of severe hypertension may indicate longstanding disease and could be associated with end organ damage.  The determinants of hypertension from the secondary data analyses were generally consistent with those from the systematic review.  The clustering of risk factors as well as the low awareness and poor control of hypertension call for the intensification of efforts to prioritize the health of older adults towards healthy ageing.  
The findings of this study call for a concerted integrated multisectoral approach to tackling hypertension which might involve interventions across the life course; prioritising the Greater Accra Region (where the greatest risk occurs); raising awareness; and implementing weight reduction programmes.  Yet, further research might be needed to better define the trends in hypertension, to explain the change in the prevalence of hypertension observed over time and to determine how best to deliver the interventions to this older age group.  
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This chapter sets out the context for the study with a description of the socioeconomic profile of Ghana, an analysis of the trends in ageing in Ghana and its associated epidemiological changes with a shift in the disease profile towards noncommunicable diseases (NCDs).  After justifying the choice of the age group of interest (50 years and older) as well as the age threshold for defining older adults in Africa, the chapter discusses the health and social experiences of older people in Ghana together with government efforts to mitigate their living circumstances.  The chapter concludes with a presentation of the study objectives, research questions and the motivation for the study.

[bookmark: _Toc51472070]1.1	Socioeconomic profile of Ghana 

Ghana is located around the central part of the West African coastline, covering a land area of 238,533 km2.  The United Nations (UN) estimates that Ghana has a population of 31.1 million (2020) growing at the rate of 2.5% per annum (UN, 2019c).  Until 2019, it was divided into ten administrative regions with Accra in the Greater Accra Region as its capital.  In June 2019, six additional regions were carved out of the existing regions to bring the total to 16 regions, which are further divided into 216 districts.
Living standards surveys by the Ghana Statistical Service (GSS) show that the incidence of poverty reduced from 51.7% in 1991/1992 to 23.4% in 2016/17, with urban and rural poverty being 24.2% and 31.9% respectively (GSS, 2018a).  The then three northern regions (Northern, Upper East, and Upper West regions) with poverty levels of 54.8%-70.9%, accounted for 44.4% of the total poverty in the country.  In contrast, the Greater Accra Region with poverty level of 2.5% accounted for 1.7% of national poverty.
About 5.9% of Ghana’s gross domestic product is spent on health.  The World Health Organization (WHO) reports that the per capita expenditure on health in Ghana in 2017 was USD66.7 (WHO, 2020).  Health services of the Ministry of Health (MOH) are organized hierarchically with community-based health planning and service compounds at the community level, health centres at the sub-district level, district hospitals at the district level providing primary and secondary care services (Nyonator et al., 2005).  Regional hospitals and Teaching Hospitals provide secondary and tertiary care services.  About 35.7% of public hospitals in the country have functional hypertension and diabetes clinics (MOH Ghana, 2014b).  Cardiovascular diseases (CVDs) account for about 8% of medical admissions and deaths in Ghana, up from 4%-5% about a decade earlier (Appiah et al., 2017).  Nearly a quarter of patients admitted with CVDs die.  Hypertension is the leading risk factor for stroke, accounting for about 91% of its occurrence in Ghana and Nigeria (Owolabi et al., 2018).

[bookmark: _Toc51472071]1.2	Trends in ageing and associated health effects in Ghana

Ghana’s socio-economic development has been accompanied by demographic changes reflected in a rapidly ageing population, declining death as well as fertility rates and a rapid urbanization (GSS, 2013, 2014a).  The total national population aged 60 years and older increased 7.7-fold from 213,477 in 1960 to 1,643,381 in 2010, when last decennial census was taken (GSS, 2013).  As a proportion of the total national population, the population aged ≥60 years increased from 4.5% to 6.7% over the same 1960-2010 time period.  Of Ghana’s population aged ≥60 years in 2010, 68.2% were aged 60-74 years old, 55.9% were female, 54.2% lived in rural areas, 51.4% were currently married and 58.5% were economically active (GSS, 2013).  
Using census data, the GSS projected that the total proportion of the population aged ≥60 years was 5.4% in 2010 (lower than the 6.7% census figure) and will reach 6.2% in 2020 and 12.6% in 2050 (Table 1.1) (GSS, 2013).  In absolute terms, the predicted population size for those aged ≥60 years was 1.39 million in 2010, 1.97 million in 2020 and 6.32 million in 2050.  Similarly, the UN model projection for the same population group in 2010 was 4.6% in 2010 (lower than actually recorded), reaching 5.3% in 2020, 9.9% in 2050 and 20.1% in 2100 (Figure 1) (UN, 2019b).

[bookmark: _Toc71153629]Table 1. 1: 	Projected population size and proportion aged ≥60 years in Ghana by the Ghana Statistical Service (GSS) and the United Nations (UN), 2020-2100 
	Year
	GSS
	UN

	
	No. (millions)
	%
	No. (millions)
	%

	2010
	1.386
	5.4
	1.144
	4.6

	2020
	1.974
	6.2
	1.643
	5.3

	2050
	6.319
	12.6
	5.162
	9.9

	2100
	Not reported
	Not reported
	15.855
	20.1


Source: (GSS, 2013) ; (UN, 2019c)
 
[bookmark: _Toc71153640]Figure 1:	Projected proportion of the population aged 60 years and older in Ghana, Western Africa and Africa, 1950-2100 using data obtained from the United Nations Population Division

Source: (UN, 2019b)

In absolute terms, the population aged ≥60 years is projected by the UN at 5.16 million and 15.86 million in 2050 and 2100 respectively (Table 1.1).  While the proportion is relatively small, SSA’s population aged ≥65 years is projected to increase by 218% between the years 2019 and 2050, the second fastest growth rate in the world after the Latin America and the Caribbean (UN, 2019a).
Life expectancy in women at age 60 years in Ghana is projected to increase from 15.3 years in 1990 to 16.4 years in 2020 (UN, 2019c).  This contrasts with the more rapid increase in women in high-income countries (HICs) from 22.2 years to 26.2 years over the same period.  However, a national maternal health survey in Ghana in 2007 estimated a higher life expectancy of 73.5 years at birth and 29.2 years at age 60 years (GSS, 2009).  
In HICs, much of the gains in life expectancy at 60 years that occurred between 2008 and 2011 was driven by reduction in mortality from NCDs, particularly CVDs and diabetes in both sexes and in men, tobacco-related deaths (Mathers et al., 2015).  However, in low-income countries (LICs), the double burden of communicable diseases and NCDs has resulted in a slower reduction in mortality at 60 years.  The experience of the HICs demonstrates the potential for significant reduction or delay in mortality at older ages in LICs with when effective lifestyle interventions are implemented early in life to prevent their persistence into old age (Beard & Bloom, 2015).
Another feature of Ghana’s socioeconomic development has been its rapid urbanization.  The urban population[footnoteRef:1] increased 2.2-fold from 23.1% in 1960 to 50.9% in 2010 (GSS, 2014a).  The UN estimates that the proportion of the urban population in 1960 (23.3%) in Ghana will increase 2.5-fold to 57.3% in 2020 and 3.0-fold to 73.2% in 2050 (Figure 2) (UN, 2018).  Ghana’s projected urban population is higher than that of western Africa or Africa as a whole.  In comparison, the urban population in HICs in 1960 (63.8%) will increase more slowly 1.3-fold in 2020 and 1.4-fold in 2050. [1:  For simplicity, Ghana defines urban areas as localities with population of 5,000 or more.  In other countries, the definition considers other criteria such as population density, economic occupation or urban functions.  The UN adopts the population used by each country, and so makes cross-country comparisons difficult.] 


[bookmark: _Toc71153641]Figure 2:	Trends in the proportion of the population living in urban areas in Ghana, Western Africa and Sub-Saharan Africa, 1950-2050 

Source: (UN, 2018)

As in other SSA countries, Ghana’s on-going demographic transition has implications for the disease profile and socio-economic consequences.  Older people aged ≥50 years were more likely than aged 20-49 years to report being recently ill or injured (22.4% versus 13.9%) (GSS, 2014b).  In Accra, women aged ≥50 years were more likely than younger women to report chronic NCDs, be obese and to have hypertension (Duda et al., 2011).
Rapid urbanization in developing countries is associated with a shift from traditional diets high in carbohydrate and fibre to diets that are energy-dense and high in fats, sugar and salts (Thow et al., 2015).  This phenomenon, known as nutrition transition, coupled with the stress of urban life, increased use of labour-saving devices, fast-food points and trade liberalization policies favouring imports of unhealthy foods and improved incomes, is associated with a higher burden of NCDs (Bosu, 2015).

[bookmark: _Toc51472072]1.3	Definition of older people

The terms “elderly”, “aged” and “older people” are sometimes used interchangeably in the literature to refer to persons aged ≥60 years (Apt, 2008, 2012).  The UN, WHO and Government of Ghana’s (GOG) policy documents on ageing conventionally use 60 years for the “elderly” (GOG, 2010; United Nations, 2002; WHO, 2016).  Since the objective of this study relates to factors associated with disease in “older adults”, it is important to clarify how this term has been used.  Throughout this thesis, the terms, “older adults” or “older people” are used with relevant age qualifications to refer to different age groups.  This is because the term “elderly” connotes negative stereotypes (Avers et al., 2011).  
The current WHO-led Study on global AGEing and adult health (SAGE) adopted the 50 year-threshold to define older people (Kowal et al., 2012).  This operational definition is consistent with that of several studies in Ghana including household surveys, longitudinal studies and those derived from population observatories in Africa (Aboyade et al., 2016; Debpuur et al., 2010; Duda et al., 2011).  A project to define the minimum data set (MDS) for Ageing in Africa criticised the 60 and 65 years’ cut-offs as arbitrary and lacking relevance for the African setting and adopted age 50 years to define older people (MDS Project Team, 2002).

[bookmark: _Toc51472073]1.4	Health and social experiences of older adults in Ghana
[bookmark: _Toc51472074]1.4.1	Health profile

In many societies, older age is often associated with frequent ill-health which may be physical or mental.  A brief review of the disease profile of older adults in Ghana provides a broad context within which hypertension, the focus disease for this study, can be appreciated.  An analysis of the Global Burden of Disease (GBD) study by the Institute for Health Metrics and Evaluation (IHME) found that the main causes of death in the older age group in Ghana in 2019 were cardiovascular diseases; respiratory infections and tuberculosis; cancers; neglected tropical diseases and malaria; diabetes and chronic kidney disease; digestive diseases; neurological diseases and chronic respiratory diseases (IHME, 2020).  
In the SAGE Ghana study in 2007/2008, 2%-5% of older adults aged ≥50 years reported having angina, asthma, cataracts, depression, diabetes, edentulism or stroke (Minicuci et al., 2014).  The least prevalent condition was chronic lung disease (0.6%) while the most prevalent conditions were arthritis (13.8%) and self-reported hypertension (14.2%).  Another study in Accra reported that 71.7% of the older adults aged ≥60 years at non-residential centre in Accra suffered from a chronic condition (Steiner-Asiedu et al., 2010).  The most common conditions were arthritis, hypertension and heart diseases.  
Older people with poor teeth and poor eyesight are at increased risk of undernutrition.  In a survey among older women with a mean age of 75.5 years in rural Ghana, 41% were underweight, 42% had missed a meal on the preceding day, 46% had poor eyesight and 56% had missing teeth (Blankson & Hall, 2012).  Older age, chewing tobacco, drinking alcohol, poor visual acuity, and use of walking aid were associated with being undernourished. 
[bookmark: _Hlk71084260]Poor vision is common among Ghanaian older adults but those affected seldom seek care.  In one survey, 58.7% of adults aged ≥60 years had visual impairment and 5.9% were blind in at least one eye (Ocansey et al., 2013).  About 36% of participants reported they had never had an eye examination in their lifetime.
Older people in Ghana with chronic diseases are less likely than those without to have consulted orthodox medical services[footnoteRef:2] in the last three years (Saeed et al., 2012).  Those with two or more chronic diseases are half as likely as those without chronic diseases to have consulted orthodox medical care.   [2:  Orthodox medical services are those services provided by trained health professionals such as doctors, nurses, and midwives in formal health facilities.  They are contrasted with traditional medical services in which plant and animal medicines or spiritual remedies are administered.] 
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NCDs constitute a significant and increasing burden of the disease in Ghana.  Their relative share of the total deaths in Ghana increased from 27.8% to 46.0% in all ages and from 59.2% to 67.1% in those aged ≥50 years between 1990 and 2019 (Table 1.2) (IHME, 2020).    

[bookmark: _Toc34479477][bookmark: _Toc71153630]Table 1. 2: 	Group cause of death and disability-adjusted life years in adults aged ≥50 years in Ghana in 1990 and 2019 
	Cause 
	Number of deaths
	DALYs
	% deaths
	% DALYs

	
	1990
	2019
	1990
	2019
	1990
	2019
	1990
	2019

	All causes
	48,104
	108,006
	1,334,385
	3,014,886
	100.0
	100.0
	100.0
	100.0

	Communicable, maternal, neonatal, and nutritional diseases
	17,552
	30,663
	456,118
	790,715
	36.4
	28.4
	33.9
	26.2

	NCDs
	28,481
	72,435
	819,147
	2,057,711
	59.2
	67.1
	60.9
	68.3

	Injuries
	2,904
	4,908
	69,120
	166,461
	4.4
	4.5
	5.1
	5.5


Source : Global Burden of Disease Study 2019 (IHME, 2020); DALYs = disability-adjusted life years; NCDs = Non-communicable diseases 

Similarly, the share of the total disability-adjusted life years (DALYs)[footnoteRef:3] due to NCDs in Ghana increased from 22.0% to 40.6% in all ages and from 60.9% to 68.3% in those aged ≥50 years over the same period. [3:  DALYs is a metric that represents the sum of years of potential life lost due to premature death and the years of productive life lost due to disability in a given population.  It combines the number of years of life lost with the number of years lived with disability (YLDs) for a certain health condition] 

Out of the total NCD deaths that occurred in Ghana in 1990, 68.1% occurred in those aged ≥50 years; this proportion increasing to 75.6% in 2019 (Table 1.2) (IHME, 2018).  Similarly, out of the total NCD-related DALYs that occurred in Ghana in 1990, 35.1% occurred in this older age group; this proportion increasing to 41.2% in 2019.  Thus, this age group not only experiencing a relative increase in the burden of NCDs in relation to overall total deaths but also an increase in the share of all NCDs in the country.

[bookmark: _Toc51472076]1.4.3	Functional limitations and disability in older adults 

Older people in Ghana suffer poor health and functional limitations.  In the Women’s Health Study of Accra in 2004, about 79% of the older women aged ≥50 years reported some (36.8%) or severe (42.1%) limitation in climbing a flight of stairs (Mba, 2013).  In the Adult Health and Ageing Study in the Kassena-Nankana District in the Upper East of Ghana (Debpuur et al., 2010), functional ability was measured using the WHO-Disability Assessment Scale (WHO, 2009).  This is a 12-item standardized tool involving responses to questions on difficulties with carrying out a range of activities.  Measured on a scale of 0 (no disability) to 100 (greatest disability), Debpuur et al. (2010) reported a mean disability score of 70.9% comprising 73.7% in men and 69.1% in women.  Self-reported poor health increased with increasing disability score quintile.  
The functional limitations of older people enrolled in the SAGE Ghana Wave 1 survey were analysed based on responses to questions on respondent’s level of difficulty to perform the activities of daily living (ADL) in the last 30 days prior to the survey, to self-care, to recognise a person across the road (a distance of 20m), to stand up from a sitting position, and to move around the home (Saeed et al., 2012).  The responses were used to compute a “functional restriction” index which was categorized into three groups: not functionally restricted, moderately restricted (limitation in one activity), and severely restricted (limitation in two or more activities).  The study found that the proportion of older adults aged ≥50 years in Ghana in these groups was 17.8%, 24.5% and 57.7% respectively.
In the national census of 2010 in Ghana, 12.3% of the older people aged ≥60 years compared with 2.3% of those younger than 60 years reported some kind of disability (GSS, 2013).  The commonest types of disability were visual and hearing impairment, and physical, emotional, intellectual disabilities.  

[bookmark: _Toc51472077]1.4.4	Living environment of older people in Ghana

The living arrangements of older people in Ghana influence their physical health and psychosocial well-being as well as the type of care they seek when unwell.  Older adults in Ghana increasingly face challenges of having to live alone, threatened by the breakdown of traditional customs that provided them with protection and respect, and without sufficient funds or social insurance to take care of their health needs (Aboderin, 2004). 
In Ghana, 18% of older adults aged ≥60 years live alone; a further 11% live with only their spouse (United Nations, 2017).  This occurs when their children migrate to the cities, children and/or spouses die, marriages fail, they are unwilling to join and burden their children in the city, or are neglected by family members, friends or neighbours (Osei-Waree & Wilson, 2016).
The traditional family patterns have been disrupted by rural-urban migration leaving older adults to fend largely for themselves in rural settings (Aboderin, 2004; Apt, 2001; Apt, 1993).  In urban settings, the fast pace of life, the more nuclear family arrangements and the higher level of education of children have contributed to undermining the traditional authority of older adults and consequent loss of respect, social exclusion and poverty (Aboderin, 2004; Apt, 1993).  
Structural support factors such as the size of one’s household, contact with social ties, and the perceived quality of one’s relationship were more important than functional support factors such as the support received and provided to others in predicting self-rated health and subjective well-being in older adults in Ghana in 2007 (Ayernor, 2016).  

[bookmark: _Toc51472078]1.5	Social protection measures for the older age population in Ghana

Given the insufficiently-developed pension and social security system and their limited coverage to formal sector workers, poverty is a significant challenge among older adults in Ghana (Kpessa-Whyte, 2018; Tawiah, 2011).  Less than 10% of adults aged ≥60 years receive a pension as the large majority worked in informal sector during the working lives and did not contribute to the national social security scheme (Nantomah & Adoma, 2015).  Poverty is a major determinant of ill-health, discrimination and social exclusion (Apt, 2012).  Poverty rates among older adults are higher than the national average in Ghana (Kwankye, 2013).  Factors contributing to poverty in older ages include reduced physical capacity and poor vision, low educational levels, outmigration of young from rural to urban areas, reduced financial inflows from children, and the non-inclusion of older adults in poverty reduction strategies (Ogwumike & Aboderin, 2005).
Measures to mitigate the financial situation of older adults seek to enable them to have the needed medical screening and sick individuals to seek appropriate medical care without financial hardships.  These measures have been in the form of respect for human rights, specific policy provisions for older age group, health insurance and direct financial support.  Besides being a signatory to several international laws, resolutions and plans such as the African Charter on Human and People’s Rights (1981), and the Madrid Plan of Action on Ageing (2002), Ghana has its own domestic laws and policies to protect the rights and to promote the welfare of older people.  The local laws include the national constitution of 1992, the Persons with Disability Act of 2008 (Act 715) and the National Pension Act (Act 766) of 2008.  
Article 37 of the 1992 Constitution of Ghana compels the State to enact appropriate laws to protect and promote the basic human rights and freedoms of the aged as well as to provide them with the needed social assistance for a decent standard of living (Republic of Ghana, 1992).  Article 31 of the Persons with Disability Act obliges the state to provide free general and specialist health care and appropriate assistive devices for persons with total disability (Republic of Ghana, 2006).  
National policy documents such as the 1994 National Population Policy, the 2010 National Ageing Policy and the 2012 National Social Protection Strategy cater directly to the needs of older people.  The strategic objectives of the national ageing policy, which are also articulated in the national development agenda, are to enhance national capacity for protection of the aged; accelerate the implementation of health and other social interventions targeting the aged; and to strengthen the family and the provision of care (Ministry of Employment and Social Welfare Ghana, 2010).  The overall goal is to empower older people to fully and effectively participate in the socio-economic and political development of their societies.  Unfortunately, Ghana has not yet passed the law that will give a legal backing to the national ageing policy.
Two of Ghana’s most important social protection interventions are the National Health Insurance Scheme (NHIS) and the LEAP Cash Transfer Programme.  The NHIS is anchored on the National Health Insurance Act (Act 650) of 2003 which provides for persons who are over 70 years to be exempted from paying premiums (Republic of Ghana, 2003).  Destitute persons aged ≥65 years and above can register with LEAP without payment of registration fees.  The LEAP social protection programme, launched in 2008, targets the poorest persons across all ages and provides them with cash or registers them under the NHIS (Handa et al., 2013).  
Recent studies show that these social protections measures have helped poor older adults in rural Ghana to finance their healthcare (Agyemang-Duah et al., 2019).  However, overall, despite its wide national coverage, the medical services that are covered by the NHIS are limited or the scheme is not well-implemented.  Only about 3% of health expenses of adults aged ≥60 years are borne by the NHIS (Tawiah, 2011).  Owing to the limited coverage of their health care costs by the NHIS and factors such as the perceived cause of illness and avoidance of long waiting times at public health facilities, some older adults seek help from alternate care providers (Bayuo, 2017).  In the Ghana Living Standards Survey (GLSS) Round 7, only 16.7% of medical expenses among those reporting illness in the two weeks preceding the survey was paid for by the NHIS (GSS, 2019).  Similarly, the level of cash payments under LEAP has not been sufficient to make a significant impact on the lives of beneficiaries (Aikins et al., 2017; Debrah, 2013). 

[bookmark: _Toc51472079]1.6	Statement of the problem 

Despite its ageing population and the associated increase in the burden of chronic NCDs, Ghana has accorded insufficient priority to the health of older adults (Mba, 2010).  This may be partly due to the dearth of information on older adults in Ghana which would hinder a coherent systematic response (Biritwum et al., 2013).  Even more scarce are nationwide studies on the trends of hypertension in any age group, much less in older adults.  Previously published studies on older adults have mostly been sociological or anthropological, investigating the socio-economic status, care and support for this group (Aikins et al., 2016).  Empirical studies have been conducted mostly in two administrative regions – the Greater Accra and the Eastern regions.  
It is in this context that, the University of Ghana, in collaboration with WHO conducted the longitudinal SAGE study on a nationally-representative sample in Ghana (as part of a multi-country study) to identify the health and well-being problems faced by older adults (Kowal et al., 2012).  The first wave of the study was conducted between May 2007 and June 2008 (SAGE Ghana Wave 1) and the second wave (SAGE Ghana Wave 2) in 2014-2015.  

[bookmark: _Toc51472080]1.7	Aim, objectives, research questions 

The present study aims to estimate the prevalence and factors associated with hypertension among older people in Ghana.  The specific objectives are to:
1. Estimate the prevalence of hypertension in older adults aged ≥50 years at two time points (2007/2008 and 2014/2015) in Ghana 
2. Identify the demographic, socio-economic, dietary and lifestyle determinants associated with hypertension or its severity of hypertension in this population at these time points.
3. Assess how the prevalence of hypertension has changed over time
4. Estimate the level of awareness of hypertension, treatment uptake and blood pressure control   
5. Estimate the prevalence of multiple risk factors for chronic NCDs in this population

Accordingly, the main research questions are as follows:
1. What was the prevalence of hypertension or its severity in older adults in Ghana in 2007/08 and 2015?
2. What were the socio-demographic and economic determinants or risk factors associated with hypertension or its severity of hypertension in this older age group at these two time points?  How did the prevalence of hypertension change over time?  How did household differences influence the prevalence of hypertension among older adults, after taking account of the variation in the various risk factors?
3. To what extent did these risk factors for chronic NCDs occur together in this population?
4. What was the level of awareness of hypertension and how much hypertension was undiagnosed?  To what extent were the blood pressures (BPs) of people living with hypertension well-controlled?

[bookmark: _Toc51472081]1.8	Motivation for the study 

As previously discussed, although Ghana’s population is ageing rapidly and consequent changes in the profile of diseases are emerging, the health of older people has not received the needed attention.  Ghana’s rapidly ageing population and urbanization are occurring at the time when the country still has to contend with a young population as well as with a double burden of disease in the face of meagre resources (Agyei-Mensah & Aikins, 2010).  Older people are more likely to suffer chronic illnesses than younger persons.  Hypertension is one of the major conditions that affect older people in Ghana (Adoma & Yendaw, 2014; Araujo de Carvalho et al., 2015; Ayernor, 2012).  Estimating the size of the problem of hypertension, the changing trends and associated factors is crucial to developing policies for its prevention and management in this largely neglected population.  The study findings could help draw attention to this “forgotten generation” of Africa (HelpAge International, 2008) and advocate that hypertension is preventable even in old age through lifestyle changes (Rowe & Kahn, 1997; Wannamethee et al., 1998).  
The study is also consistent with several policy initiatives of the GOG including the National Ageing Policy (GOG, 2010), the Medium-Term National Development Policy Framework 2014-2017 (GOG, 2014) and the Health Sector Medium-Term Development Plan 2014-2017 (MOH Ghana, 2014a).  These initiatives provide strategies to address contextual and practical issues that face the older population.  In particular, the findings, by providing information on the prevalence of hypertension, its risk factors, awareness and control, could contribute to Ghana’s agenda to mainstream geriatric care in public health service delivery (GOG, 2014) and to develop a national health policy for the “aged” (MOH Ghana, 2014a).  The study is consistent with Ghana’s principle of a life-course approach to the prevention and control of NCDs (MOH Ghana, 2012).
A bibliographic review of research on ageing in Ghana from published and unpublished literature from the 1950s to 2016 identified scant availability of longitudinal research which could improve understanding of long-term patterns in ageing (Aikins et al., 2016).  The current study would contribute to understanding the patterns of hypertension in a cohort at two time points. It provides a comprehensive empirical analysis using rich data and appropriate statistical techniques.  As such, it offers new evidence on the risk factors associated with hypertension in Ghana.  Policies to tackle these risk factors could help Ghana to meet the World Health Assembly a global target of a 25% relative reduction in the prevalence of raised BP or a containment of the prevalence of raised blood pressure by 2025 (WHO, 2013a, 2013b).  


[bookmark: _Toc51472082]Chapter 2: A meta-analysis and systematic review of the prevalence and determinants in older adults in Africa 

This chapter presents the methods and findings from two published systematic reviews on the prevalence and the determinants of hypertension in older adults in Africa.  It identifies knowledge gaps in the research and in the policy response to hypertension on the continent.

[bookmark: _Toc51472083]2.1	Prevalence of hypertension in older adults in Africa: systematic review and meta-analysis

As outlined in section 1.6, very little is known about the prevalence of hypertension in older adults in Ghana.  A bibliographic analysis of research on ageing in Ghana from the 1950s to 2016 identified 91 empirical studies (Aikins et al., 2016).  Most of the studies were sociological and anthropological and were conducted in the Greater Accra and Eastern Regions. Studies in public health were limited and were published from the year 2010.  A systematic review of studies on hypertension in Ghana from 1970 to August 2009 did not identify any studies conducted among older adults (Bosu, 2010).  
The only published systematic review on hypertension among older adults in Africa covered studies published from the year 2000 to 2016 among adults aged ≥55 years (Kaze et al., 2017).  However, it was not specifically dedicated to studies in older adults but to studies covering all other ages including those aged ≥55 years.  Four studies conducted in Ghana (Addo et al., 2006; Addo et al., 2008; Cappuccio et al., 2004; Minicuci et al., 2014) were included with only one being specifically conducted among older adults aged ≥50 years.  Specifically-targeted studies are more likely to generate findings that are more policy-relevant to the cardiovascular health of older adults than those in which this age group is incidentally sampled. 
There was, therefore, a need to systematically search the literature to identify studies which will enable the prevalence of hypertension in older adults in Ghana to be estimated along with its associated factors.  This was conducted in the context of Africa as a whole to enable geographic comparisons to be made with other countries (Bosu et al., 2019b).  
The protocol for the systematic review and meta-analysis of hypertension in  older adults aged ≥50 years was registered in PROSPERO, an international register of systematic reviews with registration number CRD42017056474 (Bosu et al., 2017) (Appendix 1).  The methods and findings from two published systematic reviews are described in this chapter.
[bookmark: _Hlk536619778][bookmark: _Hlk1181762]The first systematic review and meta-analysis sought to estimate the prevalence of hypertension in adults aged ≥50 years living in Africa and its distribution by demographic factors and over time (Bosu et al., 2019b) (Appendix 2).  A second published systematic review, using the same search strategy and slightly modified inclusion and exclusion criteria, sought to identify the factors associated with hypertension in older adults in Africa (section 2.2) (Bosu et al., 2019a) (Appendix 3).  
These systematic reviews provided a wider geographical perspective of the current study’s research objectives relating to the estimation of the prevalence of hypertension in older adults aged ≥50 years at two time points in Ghana and identifying its associated risk factors (section 1.7).

[bookmark: _Toc51472084]2.1.1	Search strategy, inclusion and exclusion criteria in systematic review

A comprehensive search for published and unpublished articles from major databases (PubMed, EMBASE, CINAHL, PsychINFO, Academic Search Complete) was undertaken to identify population-based citations on the prevalence of hypertension in adults aged ≥50 years living in Africa.  Grey literature was obtained from Ovid, Google Scholar and ProQuest.  The articles covered the period from 1 January 1980 to 28 May 2018.
Using the population, intervention, comparator, outcome and settings (PICOS) approach adapted to non-intervention or non-analytical studies (Liberati et al., 2009), search terms relating to  “prevalence” were used to represent the intervention concept; "blood pressure" represented the outcome concept while “Africa” and the individual names of all African countries represented the settings concept.  These concepts were linked together by relevant Boolean operators “OR” and “AND”.  The search strategy was limited to human studies involving middle-aged (45 to 64 years)" or the "aged (65 and over)".  Synonyms of "older adults" were used in databases where the age limits could not be set.  The bibliography of retrieved articles was hand-searched to identify further eligible articles.  An example of the search strategy is reproduced in Appendix 2 Table A1.
The articles were included if they were original articles, conference proceedings or abstracts which reported the incidence or prevalence of hypertension from cross-sectional or follow-up studies.  They were excluded if the study subjects were pregnant, ill, recruited from hospitals or geriatric domiciliary institutions or lived outside Africa or if the studies reported self-reported or non-systemic hypertension.
In line with international guidelines, subjects were considered to have hypertension if they had a systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg or if they reported taking anti-hypertensive medication (Chobanian et al., 2003a; Williams et al., 2004).  
The citations from the different databases were managed using the Covidence software which enabled duplicates to be removed (Veritas Health Innovation, 2018).  They were systematically and sequentially screened from their titles, abstracts and full-text versions with exclusions made at each stage based on the inclusion and exclusion criteria.  The Covidence software facilitated the retrieval of potential articles and for their independent evaluation by two reviewers for inclusion in the systematic review for analysis and for analysis of their risk of bias.  Conflicts in the evaluation were flagged by Covidence and resolved by consensus.  

[bookmark: _Toc51472085]2.1.2	Data extraction

Data on the publication characteristics, setting, study design, sampling, the outcome, blood pressure measurement process, and explanatory variables (demographics, socio-economic factors, anthropometry, dietary and lifestyles factors) were extracted by this author onto a form in Excel (Bosu et al., 2017).  Using the standard WHO cut-off points in kg/m2, subjects with body mass index (BMI) <18.5 were classified as underweight, 18.5-24.9 kg/m2 - normal weight, 25.0 – 29.9 kg/m2 - overweight and ≥30.0 kg/m2 – obese (WHO, 2008).  

[bookmark: _Toc51472086]2.1.3	Evaluation of risk of bias

The risk of bias of the included studies was evaluated using a tool which has been specifically validated for cross-sectional studies (Hoy et al., 2012).  The tool comprises ten questions used to assess both external validity (sample representativeness, participation rate, sampling methods) and internal validity (direct data collection from subjects or from proxy, suitability of case definition, reliability of study instrument, application of same measurement methods for all subjects).  
Based on an overall judgement in the confidence of the prevalence estimates, each included study was classified as having low, moderate or high risk of bias.  In conformity with best practice, no numerical rating of the risk was computed (Hoy et al., 2012; Shamseer et al., 2015).  Typically, studies that had non-representative samples or had low participation rates were judged to have a high risk of bias while those which scored low risk on most of the criteria were judged to have low risk.  Studies which did not fit into these extreme categories were judged to have moderate risk of bias. The quality appraisal was done independently by two reviewers with any discrepancies resolved through consensus.  That said, some studies using the Hoy et al. (2012) tool score the individual criteria numerically as 1 and 0 for low risk and high risk of bias respectively (Nguyen et al., 2016).  The scores for the ten questions are summed for each study and the overall risk of bias rated as low risk if the total score is 0-3, moderate risk if 4-6  and high risk if 7-9. 

[bookmark: _Toc51472087]2.1.4	Data analysis

The crude prevalence of hypertension in older across studies was estimated by dividing the number of older adults identified with hypertension by the total number of adults whose blood pressure was measured.  The pooled prevalence of hypertension across all the included studies was estimated using a random effects model in which the variances of the prevalence estimates were stabilized through Freeman-Tukey arcsine transformation (Nyaga et al., 2014).  
Heterogeneity between studies was evaluated using the Cochran’s chi-squared test (alpha set at 0.1) (Cochran, 1954) and the I2 statistic (Higgins et al., 2003).  Potential sources of heterogeneity were investigated through sub-group analyses based on age group, urban/rural residence, African sub-region, study design and the risk of study bias.  Heterogeneity was also explored through a post-hoc random-effects meta-regression analysis model which included six variables - study year, publication year sample size enrolled, percentage of obesity, percentage with no education in the total sample, type of BP monitor (Harbord & Higgins, 2008).  Influence analysis was performed to evaluate the effect of excluding one study at a time on the overall pooled estimate.  The weighted study-derived and overall pooled prevalence with their 95% interval estimates were depicted in forest plots.  
The presence of reporting bias was assessed through the inspection of funnel plots for asymmetry as well as through Egger’s test (Egger et al., 1997).  Publication or reporting bias arises when articles that are peer-reviewed, show statistically significant results, are published in English or are readily accessible to researchers are more likely to be included in meta-analysis than others (Borenstein et al., 2009).  Studies with small sample size with a higher risk of imprecise estimates are the most likely not to be published.  Publication bias is, therefore, expected to increase as the sample size gets smaller.  In the absence of publication bias, the studies are expected to be symmetrically distributed around the pooled prevalence in a funnel plot.  Egger’s test assesses funnel asymmetry by regressing the standard normal deviate of the prevalence against its standard error.  Statistical analyses were performed at the 5% significance level using Stata 14 (StataCorp., 2015).  

[bookmark: _Toc51472088]2.1.5	Background characteristics of studies and participants

The search strategy across the different databases yielded a total of 10,719 citations including 1,944 duplicates which were excluded (Appendix 2 Figure 1).  Of the 8,775 citations screened, 103 full-text articles were retrieved and assessed for eligibility.  Sixty-three studies were included in the systematic review after excluding 40 which did not meet the inclusion criteria.  Twenty-nine of these were multiple publications from the same study, leaving 34 unique studies which were included in the final systematic review and meta-analysis.  
The retained studies were published over the period from 2005 to 2018 - four (11.7%) in 2005-2009, 18 (52.9%) in 2010-2014 and 12 (35.3%) in 2015-2018.  Three of the 34 unique studies covered multiple countries or cohorts, and so provided a total of 37 data contributions.  Overall, the systematic review with the 37 data points covered a total of in 15 countries - eight studies in Nigeria, five in Tanzania, four in Ghana, three in Uganda, two each in CAR, Congo, Kenya, Senegal, South Africa and Tunisia and one each in Algeria, Burkina Faso, Cameroon, Egypt and Seychelles (Appendix 2 Table A2).  
The studies included in the analysis had several diverse features.  Except for one study which was an unpublished dissertation, the analysed studies were all original articles.  Of the 37 data contributions, 32 (86.5%) were cross-sectional in design and five (13.5%) were follow-up studies.  The search strategy was comprehensive and captured 17 (50.0%) studies in which hypertension was not the main objective of the study.  There were 31 (91.2%) publications in English and three (8.8%) in French (Appendix 2 Table A2). 
Overall, 43,025 older adults were enrolled across the studies with a median of 598 subjects in the 37 data points (Appendix 2 Table A2).  The total sample size ranged from 46 to 4,724 subjects per data contribution.  The subject’s ages ranged from 50 to 110 years.  The sex distribution of participants was provided by 32 studies which reported a median of 254 males and 391 females.  

[bookmark: _Toc51472089]2.1.6	Pooled estimated prevalence of hypertension

In individual studies, the prevalence of hypertension ranged from 22.3% to 90.0%.  In the four studies conducted in Ghana, the prevalence ranged from 24.1% to 54.3%.  The pooled prevalence from the random effects model was 57.0% (95% CI 52%-61%), this being similar to the 55.2% from the only other published systematic review of hypertension in Africa (Kaze et al., 2017) but higher than that of 31.9% (95% CI 18.5%–49.2%) among adults in SSA aged ≥50 years living with human immunodeficiency virus (Dakum et al., 2019).  
The pooled prevalence of hypertension in individual countries ranged from 31.0% (95% CI 25.0%-39.0%) in Egypt to 82.0% (95% CI 78.0%-86.0%) in Burkina Faso.  Ghana’s pooled prevalence was 44.0% (95% CI 34.0%-54.0%).  The prevalence of hypertension was significantly higher in Southern Africa (78.0%; 95% CI 77.0%-80.0%) than in the other African sub-regions where the prevalence was similar [(53.0%; 95% CI 46.0%-59.0%) - (58.0%; 95% CI 41.0%-74.0%)] (Appendix 2 Figure 2).  In the earlier meta-analysis of hypertension in older adults in Africa, the prevalence did not differ significantly by sub-region and the lowest prevalence was in Southern Africa (Kaze et al., 2017).  The pooled prevalence of hypertension was higher in urban (66.0%, 95% CI 55.0%-77.0%) than in rural populations (56.0%, 95% 41.0%-70.0%) but the difference was not statistically significant (Figure 3).  In the other review, urban hypertension in older adults was significantly higher than rural hypertension (Kaze et al., 2017).

[bookmark: _Toc71153642]Figure 3: Forest plot of the prevalence of hypertension in older adults by residence
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The pooled prevalence of hypertension, based on 13 studies, in males and females was similar at 55.0% (95% CI 46.0%-63.0%) and 56.0% (95% CI 45.0%-67.0%) respectively (Appendix 2 Figures 4 and 5).  It was higher in older age groups, being 53.0% (95% CI 45.0%-61.0%) in studies in which less than half of the subjects were aged ≥70 years compared to 61.0% (95% CI 54.0%-68.0%) in studies in which at least half of the subjects were aged ≥70 years.  
The pooled prevalence of hypertension in studies published at or after the median year of 2013 (63.0%, 95% CI 57.0%-69.0%) was significantly higher than in those before the median publication year (47.0%, 95% CI 40.0%-55.0%).  It was not influenced by study design, being 56.0% (95% CI 51.0%-61.0%) in cross-sectional studies and 59.0% (51.0%-67.0%) in follow-up studies.  This finding is similar to that of Dakum et al. (2019).

[bookmark: _Toc51472090]2.1.7	Risk of bias and sensitivity analysis

Out of the 34 studies, eight (23.5%) were considered to have a high risk of bias had a moderate risk and the remaining 17 studies had low risk of bias based on the application of the validated tool (Hoy et al., 2012) (Appendix 2 Table A3).  However, sub-group analysis showed that the pooled prevalence of hypertension was statistically similar between the three risk groups - 50.0% (95% CI 42.0%-59.0%) for the studies with high risk of bias, 62.0% (95% CI 51.0%-73.0%) for the moderate risk and 56.0% (95% CI 50.0%-62.0%) for the low risk (Appendix 2 Figure A1).  Eliminating the high-risk bias studies did not have any significant effect on the estimated pooled prevalence of hypertension.  
The sensitivity analysis showed that the removal of three studies one at-a-time resulted in a statistical significant reduction by 1.1 percentage points (Peltzer & Phaswana-Mafuya, 2013a) or increase by 2.2–2.5 percentage points (Koopman et al., 2012a; Nuertey et al., 2017) of the original pooled estimate in the prevalence of hypertension (Appendix 2 Figure A2).

[bookmark: _Toc51472091]2.1.8	Sources of heterogeneity

There was considerable heterogeneity among the analysed studies as shown by a I2 statistic of 98.9% and the Cochran's chi-square test (p <0.0001).  Sub-group analyses did not identify sex, study design, type of residence or sub-region as the source of the heterogeneity.  
The univariate meta-regression model included the study year, publication year, enrolled sample size, percentage obesity in the total sample, percentage with no education and the type of BP device.  Only the percentage of obesity was statistically significant, explaining 23.2% of the between-study heterogeneity in the prevalence of hypertension (Appendix 2 Table A4).  In the multivariable model involving 16 studies, the addition of study year and publication year increased the explained between-study heterogeneity to 50.0% (I2 = 87.5%, tau2 = 0.008, p=0.03).  The prevalence of hypertension increased with the publication year and with percentage obesity. 

[bookmark: _Toc51472092]2.1.9	Temporal trends in the pooled  prevalence of hypertension

In the univariable meta-regression analysis, the prevalence of hypertension increased with increasing study year and with increasing publication year but the trends were not statistically significant  (Figures 4 and 5, Appendix 2 Table A4).  

[bookmark: _Toc71153643]Figure 4: Meta-regression analysis showing trend in estimated prevalence of hypertension in Africa by study year 
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However, in the multivariable model which included the study year, sample size and percentage obesity, the prevalence of hypertension increased with increasing study year (p=0.031) and the publication year (p=0.027).  This finding contrasts with that of Kaze et al. (2017) in which the prevalence of hypertension in older adults in Africa did not change significantly over time.

[bookmark: _Toc71153644][bookmark: _Hlk44993927]Figure 5: Meta-regression analysis showing trend in estimated prevalence of hypertension in Africa by publication year 
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[bookmark: _Toc51472093]2.1.10	Reporting bias

The funnel plot of the studies on the prevalence of hypertension showed asymmetry around the pooled prevalence indicating the absence of evidence of publication bias (Figure 6).  This was confirmed by the Egger’s test which was not statistically significant (p=0.711).

[bookmark: _Toc71153645]Figure 6: Funnel plot of studies reporting prevalence of hypertension in Africa 
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[bookmark: _Toc51472094]2.1.11	Strengths and limitations of the systematic review

This systematic review has several strengths.  It is the first to be undertaken exclusively among older adults aged ≥50 years in Africa.  The search strategy was comprehensive enough to capture studies for which hypertension was not the sole or principal objective, studies in multiple languages and multiple study designs.  In line with best practice, the evaluation of studies for inclusion in the analysis and the for the risk of bias was done by two independent reviewers.  The review used internationally recognized definitions of measures such as hypertension and BMI and reporting conformed to international standards (Shamseer et al., 2015).  The data analysis included search for the sources of heterogeneity through sub-group analyses and meta-regression.  The estimates of the pooled estimate are robust as shown by the sensitivity analysis.  There was no evidence of publication bias and reporting complied with the recommended Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) standards. 
The findings were largely consistent with those of Kaze et al. (2017) who also found a high prevalence of hypertension among older adults in Africa which did not differ significantly by sex.  Unlike them, the currently analysis showed an increasing trend of hypertension which calls for urgent regional attention to the cardiovascular health of older persons.  
[bookmark: _Hlk164978]The main limitation of the current review is the substantial heterogeneity which raises the meaningfulness of the meta-analysis into question.  The findings should, therefore, be interpreted with caution.  The standard tools (Schroll et al., 2011) to deal with heterogeneity were partially successful in identifying some of the variables contributing to it.  Several other meta-analyses of studies on hypertension report similar or higher I2 statistic ≥96%-100% which reflects differences in the study population, settings, measurement methods and study design (Ataklte et al., 2015; Callender et al., 2014; Dakum et al., 2019; Ezejimofor et al., 2018; Kaze et al., 2017).  
Some included studies were considered to have a high risk of bias but sub-group meta-analysis showed that their exclusion had little effect on the pooled estimate of hypertension.  Sensitivity analysis using leave-one-study-approach identified three studies with statistically significant influence on the pooled estimate but the magnitude of the effect of up to 2.5% is probably of little clinical value in a population in whom 57.0% were estimated to have hypertension.
The review enabled some knowledge gaps to be identified.  Information on several variables were missing from the different studies included in the review.  Future longitudinal studies in older adults may allow more complete information to be collected, reduce some of biases identified and allow better assessment of the trends in the prevalence of hypertension.
Except for one study, all the studies analysed in this review measured blood pressure at a single visit blood pressure, an approach that tends to overestimate the true prevalence of hypertension (Bovet et al., 2003).  

[bookmark: _Toc51472095]2.2	Determinants of hypertension in older adults in Africa: a systematic review
[bookmark: _Toc51472096]2.2.1	Selection of studies

As previously mentioned, the methods for the systematic review determinants of hypertension in older adults in Africa were essentially similar to that used in the review of the prevalence and so only the differences are highlighted in this section  (Bosu et al., 2019a) (Appendix 3 Figure 1).
The inclusion criteria were as before but included studies had to report risk factors associated with hypertension.  Thus, studies that reported only the prevalence of hypertension without any further analysis.
Unlike the prevalence review, multiple publications of the same study which reported on a different set of risk factors using univariable or multivariable analysis were included in the analysis.  Multiple publications, which could also be single- or multi-country studies with report on risk factors for hypertension, were analysed even if the primary studies had been captured.  
The studies were classified into three groups: 
i) primary publications reporting the prevalence of hypertension and its associated risk factors from univariable analysis; 
ii) primary publications reporting prevalence of hypertension and its determinants from multivariable analysis; and 
iii) multiple publications on the same subjects reporting determinants of hypertension from multivariable analysis

As with the prevalence review, the study selection was managed with the Covidence software (Veritas Health Innovation, 2018).  

[bookmark: _Toc51472097]2.2.2	Narrative synthesis

The determinants were categorized into demographic, socioeconomic, lifestyle and co-morbidity groups and analysed.  The demographic variables included age, sex, urban-rural or administrative residence, marital status, ethnicity, and religion. The socioeconomic variables included educational level, wealth quintile, occupation, socioeconomic class, and having a health insurance.  The lifestyle group variables included tobacco use, alcohol consumption, smoking, physical activity, fruit or vegetable intake, BMI and waist-to-hip ratio (WHR).  The comorbidity group included history of diabetes or stroke, self-reported chronic illness, laboratory-confirmed diabetes, presence of disability or depression.
Under each category, the effect sizes (odds ratios, prevalence ratios or relative risks) were extracted from the included studies along with the interval estimates.  With the significance level set a 5%, statistically significant and non-significant determinants were identified separately from both crude (univariable) and multivariable analyses.  The analyses examined the consistency of the direction and magnitude of the effect sizes in terms of the association with hypertension across the included studies. 

[bookmark: _Toc51472098]2.2.3	Description of included studies

As before, a total of 10,719 citations were identified out of which 8,775 were retained for screening after removing 1,944 duplicates (Appendix 3 Figure 1).  After the screening the title and abstracts, 103 full-text papers were evaluated for their inclusion eligibility.  Of these 63 studies were eligible but 40 reported information on only the prevalence of hypertension without analysis of associated risk factors and so were excluded from further analysis.  Thus, 23 studies were finally included in the narrative synthesis.  They were made up seven primary publications that provided information on risk factors associated with hypertension from univariable analysis as well as 16 publications (12 primary and four multiple) which reported risk factors from multivariable analyses.  
The 19 primary studies provided 21 data points while the four multiple (non-primary) publications provided eight data points.  One primary publication contributed two data points in reporting the sex-specific prevalence of hypertension in Bangui and in Brazzaville, the capital cities two African countries (Guerchet et al., 2012a).  Three of the four multiple publications reported first wave SAGE findings in Ghana and South Africa, and so collectively contributed six data points (Lloyd-Sherlock et al., 2014; Lloyd-Sherlock et al., 2017; Tyrovolas et al., 2015).  The fourth multiple publication paper was a SAGE publication on Ghana which reported risk factors separately for systolic hypertension (SHTN) and diastolic hypertension (DHTN) (Boateng et al., 2017).  
The 19 primary publications covered 30,230 participants who had their blood pressure measured in studies from 12 African countries - four from Ghana; three from Nigeria; two each from CAR/Congo, South Africa and Uganda; and one each from Burkina Faso, Cameroon, Kenya, Senegal, Tanzania and Tunisia (Appendix 3 Table 1).  The crude prevalence of hypertension from the 21 data points was 55.9%.

[bookmark: _Toc51472099]2.2.4	Risk of bias in the included studies

[bookmark: _Hlk12691020]Using the Hoy et al. (2012) tool, it was determined that 16 (84.2%) of the primary studies had either a low (63.2%) or moderate risk (21.0%) of bias while three (15.8%) studies had a high risk of bias.  In view of the favourable sensitivity analyses in the meta-analysis (Section 2.1.8), the high risk studies were retained in the narrative synthesis (Bosu et al., 2019b).

[bookmark: _Toc51472100]2.2.5	Determinants of hypertension in older adults
2.2.5.1	Demographic factors

In the individual studies, the age-specific prevalence of hypertension was higher in older ages that in younger ages (Appendix 3 Table 2).  In multivariable analyses, the demographic variables that were independently associated with hypertension frequently were older age, female sex and urban residence (Appendix 3 Tables 3 & 4).  Out of 11 studies providing 13 data contributions, older age group was independently associated with hypertension in seven studies providing nine data contributions.  The relationship between older age and hypertension was, however, not statistically significant in four studies (four data contributions) (Hammami et al., 2011; Peltzer & Phaswana-Mafuya, 2013a; Raji et al., 2017; Tianyi et al., 2018).  The statistically significant relationship between older age and hypertension in Tunisia and South Africa in univariable analysis disappeared in the multivariable analyses (Hammami et al., 2011; Peltzer & Phaswana-Mafuya, 2013a).
A dose response relationship between older age and hypertension was observed in some studies but not in others.  For instance, in Senegal, subjects aged 60-69 years and ≥70 years respectively had 1.9 and 2.5 times the odds of having hypertension as those aged 50-59 years (Macia et al., 2012).  However, in Ghana, subjects aged 65-69 years had higher odds of having hypertension than those aged 70-74 or ≥75-years (Lloyd-Sherlock et al., 2014).  Those aged 50-54 years had the lowest odds of having hypertension.
In eight studies (nine data contributions) in which the age-specific prevalence of hypertension was provided, the prevalence in the oldest age group was generally higher than that of the youngest age group (Appendix 3 Table 2).  However, this was not the case in studies in Cameroon, Ghana and Tunisia.  As in the multivariable analysis, there was rarely a monotonic increase in the prevalence of hypertension with increasing age group in the studies in which the prevalence was reported in three or more age groups.  A steady increase in the prevalence with age was reported in Ghana (Osman, 2017) and in Kenya (Mathenge et al., 2010).
Except for one study in Nigeria (Raji et al., 2017), female older adults more frequently had higher adjusted odds of hypertension than males in multivariable analyses in Ghana, Nigeria, South Africa and Tanzania (Appendix 3 Table 4) However, sex was not significantly associated with hypertension in several countries.  
The prevalence of hypertension increased along a gradient from rural, semi-urban to urban areas in Nigeria (Raji et al., 2017).  In multivariable analysis, urban residence was, more often than not, significantly associated with higher odds of hypertension (23%-47%) (Appendix 3 Table 4).  In the multi-country SAGE study, there was a contrasting relationship between urban residence and hypertension in Ghana where it was positive and in South Africa where it was not statistically significant (Lloyd-Sherlock et al., 2014; Lloyd-Sherlock et al., 2017).  In a multi-country survey in Central Africa, elderly subjects residing in Congo had 68% higher adjusted odds of hypertension than those residing in the CAR (Pilleron et al., 2017).  
Except for one study in which it was protective (Raji et al., 2017), being unmarried was not independently associated with hypertension in older adults in Africa (Appendix 3 Table 4).  In contrast, ethnicity was independently associated with hypertension in studies in Kenya (Mathenge et al., 2010) and Tanzania  (Dewhurst et al., 2013).  Coloured South African older adults had 89% greater odds of having hypertension than black Africans (Peltzer & Phaswana-Mafuya, 2013a).  

2.2.5.2	Socioeconomic factors

Unlike the demographic factors, socioeconomic factors such as occupation, educational level and wealth were generally not significantly associated with hypertension (Peltzer & Phaswana-Mafuya, 2013a; Pilleron et al., 2017; Tianyi et al., 2018) (Appendix 3 Table 3).  Unskilled labour was associated with a higher prevalence of hypertension in Cameroon in univariable analysis but not in multivariable analysis (Tianyi et al., 2018).  Similarly, in the CAR and Congo, being jobless or having previously been employed as a craftsman, storekeeper, farmer, breeder, fisherman was associated with higher odds of hypertension than having been a government employee  (Pilleron et al., 2017).
In multivariable analyses, educational level was not significantly associated with hypertension in most studies (Macia et al., 2012; Minicuci et al., 2014; Pilleron et al., 2017; Raji et al., 2017; Scholten et al., 2011).  As with urban-rural residence, there was a discordant relationship between educational level and hypertension in multivariable analyses in the multi-country SAGE studies involving Ghana and South Africa.  Higher level education was independently associated with lower prevalence of hypertension in South Africa but higher prevalence in Ghana (Lloyd-Sherlock et al., 2014; Lloyd-Sherlock et al., 2017).  In a separate analysis of the SAGE studies, Tyrovolas et al. (2015) observed that secondary education level was independently associated with a lower prevalence of hypertension compared to primary or lower level education in South Africa.  In contrast, education was not significantly associated with hypertension in Ghana.  
Unlike residence and education, the relationship between wealth quintile and the prevalence of hypertension in Ghana and South Africa was similar.  In both Ghana and South Africa, there was a positive gradient with increasing wealth quintile associated with greater adjusted odds of hypertension, with the poorest quintile (Q1) as the reference value ) (Lloyd-Sherlock et al., 2017).  However, in Ghana, the odds ratios for the richest three quintiles (Q3-Q5) compared with only the richest quintile (Q5) in South Africa were statistically significant. In separate models including additional variables on the same SAGE dataset, wealth quintiles were not associated with hypertension in Ghana or South Africa (Lloyd-Sherlock et al., 2014; Tyrovolas et al., 2015).  Similarly, they were not associated with stage 1 or stage 2 SHTN or DHTN in Ghana (Boateng et al., 2017).  As in Ghana, Abegunde and Owoaje (2013) also found that decreasing monthly income was independently associated with lower odds of hypertension in older adults in Nigeria.
The only study to examine the relationship between having a health-insured household head and hypertension in older adults in Africa did not find a statistically significant association in Ghana or in South Africa (Lloyd-Sherlock et al., 2014).  

2.2.5.3	Lifestyle factors

In each of the 13 studies providing 16 data points in which it was examined, BMI was independently associated with hypertension in older adults, with adjusted ORs reaching up to 3.72 when overweight/obese subjects were compared with those not overweight/obese (Raji et al., 2017) (Appendix 3 Table 5).  A dose-response gradient was observed in several multivariable analyses in which BMI was treated as a continuous variable (Dewhurst et al., 2013; Hammami et al., 2011; Pilleron et al., 2017) or categorical variable (Boateng et al., 2017; Lloyd-Sherlock et al., 2014; Minicuci et al., 2014; Tyrovolas et al., 2015).
In the multi-country SAGE study, overweight or obesity was more strongly associated with hypertension in older adults in Ghana than in South Africa (Lloyd-Sherlock et al., 2014; Tyrovolas et al., 2015).  For example, the OR associated with hypertension in obese subjects compared with subjects with normal BMI was 2.30 in Ghana and 1.85 in South Africa.  In keeping with the discordant relationships, being underweight was associated with a statistically significant lower adjusted odds of hypertension in Ghana but not in South Africa.  
Unlike the BMI, the association between other lifestyle factors and hypertension in older adults was less consistent and sometimes erratic.  In multivariable analyses, alcohol consumption in the past one month in South Africa (Peltzer & Phaswana-Mafuya, 2013a), non-heavy consumption in Ghana or South Africa (Lloyd-Sherlock et al., 2014) and heavy consumption in South Africa (Tyrovolas et al., 2015) were independently protective of hypertension.  Counterintuitively, being a heavy drinker in South Africa was associated with 57% lower odds of having hypertension than being a lifetime abstainer (Tyrovolas et al., 2015).  In most studies, however, alcohol consumption including heavy or frequent use was not significantly associated with hypertension (Appendix 3 Table 5).  It was only in one study that alcohol use was significantly associated with stage 1 SHTN, with adjusted odds being 41% higher in users than in non-users (Boateng et al., 2017).  In that study in Ghana, it was not associated with stage 2 SHTN or any DHTN.
The discordant results in the multi-country analysis were also observed in relation to former smoking which was significantly associated with hypertension in Ghana but not in South Africa (Tyrovolas et al., 2015).  However, the results were similar but counterintuitive in relation to fruit and vegetable consumption.  Higher fruit intake of ≥5 daily servings in Ghana and intake of 2-4 daily vegetable servings in South Africa were independently associated with higher odds of hypertension (Tyrovolas et al., 2015).  In a separate analysis, insufficient fruit and vegetable intake was not associated with hypertension in South Africa (Peltzer & Phaswana-Mafuya, 2012). 
As with the other behavioural factors, the relationship between physical activity and hypertension was inconsistent and counterintuitive.  High level of physical activity was protective of hypertension in Congo and CAR (Pilleron et al., 2017) as was low physical activity in South Africa (Lloyd-Sherlock et al., 2014; Tyrovolas et al., 2015) (Appendix 3 Table 5).  Physical activity was not significantly associated with hypertension in Ghana, South Africa or Tunisia.   
Notwithstanding these discordant findings, the benefits of physical activity in preventing cardiovascular diseases in sick and healthy adults are well-established.  A recent meta-analysis showed that exercise reduced resting SBP or DBP by 4-7 mmHg in adults aged ≥65 years (Kelley & Kelley, 2018).

2.2.5.4	Comorbidity factors

In the multivariable analyses, self-reported or laboratory-confirmed diabetes was independently associated with hypertension in Tunisia (Hammami et al., 2011) and Ghana (Tyrovolas et al., 2015) but not in CAR/Congo (Pilleron et al., 2017), Nigeria (Raji et al., 2017) or South Africa (Peltzer & Phaswana-Mafuya, 2013a; Tyrovolas et al., 2015) (Appendix 3 Table 5).  In the SAGE study, a medical history of stroke was strongly associated with hypertension in both Ghana and South Africa with adjusted ORs of between 3.18 and 4.48.  
Activity limitation, dependency, or disability was significantly associated with hypertension in Tunisia (Hammami et al., 2011) but not in South Africa (Peltzer & Phaswana-Mafuya, 2013a) or Tanzania (Dewhurst et al., 2013).  

[bookmark: _Toc51472101]2.3	Chapter summary 

The chapter examined the first reported systematic reviews of studies conducted exclusively among older adults in Africa on the prevalence of hypertension or its determinants.  The meta-analysis showed a high prevalence of hypertension (57.2%) in older adults in Africa.  There was evidence of an increasing prevalence over time and of a dose-response gradient in variables such as residence, wealth quintiles and BMI status.  The differences by sex or residence were not statistically significant.  There was substantial heterogeneity in the studies which was partly explained by the proportion of obesity in the subjects in the different studies.  
In the narrative synthesis, overweight/obesity and history of stroke were the most consistent and strongest risk factors independently associated with hypertension.  The demographic factors, female sex, older age and urban residence were frequent determinants.  Socio-economic (education, wealth quintiles), lifestyle factors (alcohol, tobacco, fruit and vegetable intake, physical activity) and other comorbidity factors (diabetes) were inconsistent determinants.  Variables such as marital status and blood cholesterol were generally not significantly associated with hypertension.
In the multi-country SAGE study, the determinants of hypertension frequently differed between Ghana and South Africa.  In the latter, most of the variables were found not be significantly associated with hypertension.  This may be because of the comparison sub-groups in South Africa were more similar to each other than those in Ghana.
Four studies from Ghana were included in the meta-analysis with a pooled prevalence of hypertension of 44.0%.  The meta-analysis, thus, revealed the absence of studies on hypertension in older adults in Ghana and in Africa as a whole.  Longitudinal studies on hypertension and its determinants in older adults in Africa were particularly lacking.  
Only a few selected variables were typically included in statistical models to explore the determinants of hypertension in this age group.  Lifestyle and comorbidity determinants were often lacking in models.  There was inconsistency between studies in the definitions of certain lifestyle variables such as alcohol use and physical activity.  As most of the studies were cross-sectional, it was difficult to establish the temporal sequence between the determinants and hypertension.  Longitudinal studies could address this challenge of temporality.



[bookmark: _Toc51472102]Chapter 3: Theoretical framework 

This chapter outlines the epistemological stance, explores the concepts of successful ageing, critically reviews potential theoretical frameworks which could be used to analyse the determinants of hypertension and then provides a justification for the choice of the specific framework which underpins this study.  It concludes with a discussion of the conceptual framework for the study.

[bookmark: _Toc51472103]3.1	Definitions

The terms, “theoretical framework” and “conceptual framework” are often confused and used interchangeably.  Theoretical framework generally applies pretested and validated theories identified a priori as a ‘blueprint’ which provides the “conceptual basis for understanding, analysing and designing ways to investigate a problem” (Grant & Osanloo, 2014).  In contrast, conceptual framework describes the researcher’s understanding of how the research problem will be best explored, the specific direction in conducting the research, and the relationship between the different study variables.  In line with recommended practice, both frameworks are articulated in this thesis (Crawford, 2020).

[bookmark: _Toc51472104]3.2	Epistemological stance

This study is based on an objectivist epistemological stance, given its perspective that the reality of the prevalence of hypertension in Ghana can objectively be measured and quantified from the two waves of the empirical studies.  Using statistical methods, the study tests hypotheses on the relationship between different explanatory variables of interest (such as demographic and lifestyle factors) and hypertension as an outcome.  The study methods can be replicated, and similar findings be obtained to make that reality and its factors evident to multiple researchers.

[bookmark: _Toc51472105]3.3	Concept of successful ageing

Ageing is a complex process involving both genetic and environmental determinants (Moayyeri et al., 2016).  It results “from the impact of the accumulation of a wide variety of molecular and cellular damage that occurs over time” (WHO, 2015b).  It is often associated with negative stereotypes, often related to loss of physical and intellectual function and memory loss (Lamont et al., 2015).  With the increased life expectancy and the growing older adult population in most countries, there has been keen interest in successful ageing in contemporary times.  
There is no consensus on the definition of “successful ageing” which has also been described as “active ageing” (Bauman et al., 2016), “healthy ageing” (Peel et al., 2004) or “positive  ageing” (Bowling, 1993).  Neither is there consensus on how best to evaluate it (Cosco et al., 2014).  Twenty-nine definitions have been described (Depp & Jeste, 2006).  Most of these definitions relate to disability or physical function, cognitive function, life satisfaction and well-being, social engagement and presence of illness.  They attempt to capture the multi-dimensional biological, physical, cognitive and social elements of successful ageing.
Healthy ageing has been defined as a “lifelong process of optimizing opportunities for improving and preserving physical, social and mental wellness, independence, and quality of life, as well as enhancing successful life-course transitions” (Health Canada, 2002).  It includes physical, psychological, social, and spiritual well-being in later years (Han et al 2015).
WHO defines active ageing as “the process of optimizing opportunities for health, participation and security to enhance quality of life as people age” (WHO, 2002).  The key elements in the WHO model are autonomy to makes one’s personal decisions; independence to perform activities related to daily living; quality of life encompassing one’s physical and psychosocial health; and healthy life expectancy relating to years of life lived without disabilities (Paul et al., 2012).
The WHO policy framework identifies six key determinants of active ageing: economic, behavioural, personal, social, health and social services, and the physical environment. It recommends four components necessary for a health policy response:
· prevent and reduce the burden of excess disabilities, chronic disease and premature mortality;
· reduce risk factors associated with major diseases and increase factors that protect health throughout the life course;
· develop a continuum of affordable, accessible, high-quality and age-friendly health and social services that address the needs and rights of people as they age;
· provide training and education to caregivers

Thus, while there is no consensus on the concept of successful ageing, the various definitions articulate it, not only a state of physical health, but also, that of psychological, and spiritual well-being as well as social engagement.  It is a lifelong process whose health policy response requires a combination of health and social services throughout the life course.

[bookmark: _Toc51472106]3.4	The Rowe and Kahn model 

The theoretical framework for the concept of successful ageing has evolved over the past 70 years.  The term “successful ageing” was introduced by Robert J. Havighurst in 1961 as a framework to describe the “conditions of individual and social life under which the individual older person gets a maximum of satisfaction and happiness” (Havighurst, 1961).  The framework sought to explain how certain people age well.  
Several theories have been proposed with many emphasizing one or other dimension of ageing in the psychological or sociological discourse (Atchley, 1989; Cumming & Henry, 1961; Tobin & Neugarten, 1961).  However, there is now consensus on the multidimensional nature of successful ageing based on developmental, clinical and mental health perspectives (Ryff, 1982).
This study adopts the Rowe and Kahn model of successful ageing based on its relevance and its application to studies in settings similar to Ghana (Rowe & Kahn, 1997).  The model has been commended for its optimistic narrative of successful ageing (Katz & Calasanti, 2015).  In their seminal publication on successful ageing, Rowe and Kahn (1987) had been concerned that studies on ageing often implied that functional deficits were intrinsically age-related and that average age-related losses were emphasized with little mention of the substantial heterogeneity within age groups.  They suggested that researchers distinguish between pathologic changes that are age-determined and those that are due to extrinsic factors such as lifestyles.  They considered changes that are mostly physiologic or intrinsic to ageing per se as “normal” ageing.  They characterised non-diseased older individuals with minimal or no physiological loss (when compared with younger individuals) as undergoing “successful ageing” and those with typical non-pathologic age-related losses as experiencing “usual ageing”.
Building on this framework, Rowe and Kahn (1997) proposed their famous model of successful ageing as consisting of three components - low probability of disease and disability, high cognitive and physical function, and active engagement with life in terms of productive activities and maintenance of social relations (Figure 7).  

[bookmark: _Toc71153646]Figure 7:	Rowe and Kahn model of successful ageing 
[image: ]

The model has several strengths.  It distinguishes ill-health due to biological and physiological decline from that due to lifestyle factors.  It examines successful ageing from biomedical and psychosocial perspectives.  It recognizes that successful ageing is multidimensional and not merely the absence of diseases.  It challenges the dominant attribution of functional losses to intrinsic ageing without sufficient acknowledgment of the contribution of lifestyle factors to the process.  It observes that disease in old age is not inevitable and that factors such as overweight, physical inactivity and poor diet can be modified even in old age.  
Several studies support the Rowe and Kahn model (Bosnes et al., 2019).  A longitudinal data analysis of the Canadian National Population Health Survey involving individuals aged 65-85 years over the period 1994-2004 found that higher income, absence of chronic illness, moderate alcohol use, never smoked and sense of coherence were independent predictors of thriving (Kaplan et al., 2008).  The model, therefore, appears to be dynamic in not only identifying factors associated with successful ageing but with its maintenance over time.  
As Kahn (2002) argues, that their model sought to stimulate further research on the heterogeneity of ageing among older people and its genetic, psychosocial, and environmental determinants.  They also hoped their highlights on lifestyle factors would influence people’s behaviour positively towards ageing well.  
Despite its substantial contributions to the successful ageing discourse, the Rowe and Kahn model has been criticised for conceptualizing ageing from the perspective of Western, white, middle class subjects whose values may be different from those from other cultures (Torres, 1999).  Martinson and Berridge (2015) conducted a systematic review of peer-reviewed articles providing a critique of models on successful ageing published between January 1987 and December 2013.  They divided the 67 articles that met their inclusion criteria into four groups based on the recommendations made by the articles for addressing identified gaps.  
The first group, Add and Stir, identified a very low prevalence of successful ageing based on Rowe and Khan model and proposed adding missing criteria to the baseline model.  The prevalence was 10.9%-11.9% among older American adults involved in the Health and Retirement longitudinal study in 1998-2004 (McLaughlin et al., 2009), rising up to 35.5% when model criteria were relaxed (McLaughlin et al., 2012).  The model may therefore be too idealistic and rigorous to be useful for monitoring the health status of older adults.  It could benefit from additional multidimensional criteria such as spirituality, social functioning, cognitive well-functioning and emotional wellbeing  and life satisfaction.
In the second group, Missing Voices, self-reported ratings of successful ageing by older subjects themselves tended to be higher than those derived from the Rowe and Khan model (Phelan et al., 2004; Strawbridge et al., 2002).  In one study, whereas only 5% of community-based adults aged ≥60 years met the Rowe and Khan criteria, 92% rated themselves as ageing successfully (Montross et al., 2006).  Thus, older subjects can feel successful despite suffering physical ill-health and so it is important to include both subjective and objective criteria in constructing sucessful ageing models (Pruchno et al., 2010).  
The third group, the Hard Hitting category, criticised the Rowe and Khan model as being individualistic and medical in focus (Calasanti, 2015).  They discounted the assertion that individuals could influence their ageing process through the adoption of healthy lifestyles as one that ignored the socio-cultural, historical factors and economic realities faced by disadvantaged social groups whose circumstances make them less likely to age successfully (Dillaway & Byrnes, 2009; Katz & Calasanti, 2015). 
The fourth group of critiques, the New Frames and Names, basically rejected the philosophy of successful ageing, characterising it as being ageist, exclusionary and unrealistic.  The critics proposed a more holistic concept of successful ageing that gives all individuals equal chance of ageing with dignity, while acknowledging its spiritual dimension.  They proposed more inclusive themes such as balanced ageing, harmonious ageing, and resilient ageing (Butler et al., 2011; Harris, 2008). 
In their response to these criticisms, Rowe and Kahn (2015) challenged the criticism that their model was too biomedical and indicated that their work involved 16 scholars drawn various ageing-related disciplines.  They acknowledged that their model had not been explicit about the role of socioeconomic factors and family structure on the capacity of individuals to age successfully.
Other criticisms of the Rowe and Khan’s successful ageing model are that it downplays the importance of genetics and species‑determined deterioration in late life and endorses a “fortunate elite” who age successfully while neglecting or even blaming those who are less fortunate (Masoro, 2001).  Further, successful ageing seems to conceptualized as an outcome rather than a process (Dillaway & Byrnes, 2009).  It ignores the life course determinants of ageing when it assesses an individual’s “successful ageing” as a snapshot in late adulthood (Stowe & Cooney, 2015).  Overall, Rowe and Kahn model has engendered intense dialogue and thereby, enriched the “successful ageing” narrative.  

[bookmark: _Toc51472107]3.5	Justification for choice of theoretical framework for this study

The current study draws on the Rowe and Kahn theoretical framework for several reasons.  Firstly, the aims of the Rowe and Kahn model and the current study converge in seeking to encourage positive lifestyle behaviour in older adults and to advocate policies that promote such behaviour (Kahn, 2002).  Secondly, like Rowe and Kahn’s model, the current study’s approach is essentially biomedical in quantitatively analysing physical and social factors associated with hypertension.  Thirdly, two of Rowe and Kahn’s factors for successful ageing – prevalence of disease (hypertension) and physical functions (lifestyle factors) are examined in the current study.  Fourthly, the model has been applied in studies in Ghana and similar settings – for example, to explore perceived influences of socio-cultural and political experiences on active ageing and quality of life at old age (Doh, 2017).  
In the Ibadan Study of Ageing in Nigeria, only 7.5% of persons aged ≥65 years met all the three model components of successful ageing after a five-year follow-up (Gureje et al., 2014).  This prevalence is similar to that of older adults in richer economies (Montross et al., 2006) despite the notion that the lower socioeconomic status of LICs disfavours successful ageing (Zolnikov, 2015).  The prevalence of the three separate indices of successful ageing in the Ibadan Study was as follows: the absence of chronic health conditions (16.5%), functional independence (74.2%) and self-reported satisfaction with life (41.8%) (Gureje et al., 2014).  Being in the age group 65-69 years, being in a lower economic status, maintaining contact with friends and participation in community activities were independently associated with successful ageing whilst sex, educational level, urban-rural residence, ever smoked, ever drank, level of physical activity and self-reported health were not.  The multivariable analyses of the separate indices of successful ageing identified different predictors for each index, suggesting that the domains represent the outcomes of different life trajectories (Gureje et al., 2014).  The study also found that the several factors such as physical activity and social support networks that predicted successful ageing were modifiable.  
The findings from the Ibadan Study of Ageing, a study with a design similar to the SAGE Ghana study, show that the factors in the Rowe and Khan model of successful ageing can be analysed quantitatively, with the outcome relating to absence or presence of chronic conditions such as hypertension.  

[bookmark: _Toc51472108]3.6	Other theoretical frameworks considered in the current study

The life course model was also considered in framing this study which explores the factors associated with hypertension in a cohort at two relatively short time points among older adults in Ghana.  It advocates for the determinants of successful ageing to be assessed over the course of one’s life and not just at one point in time.  The adoption of life course approaches is important in understanding the distribution and cumulative effects of behavioural, biological and psychosocial risk factors acting across all stages of the life span that are associated with chronic NCDs in later life (Aboderin et al., 2002; Smith, 2007).  Intra-uterine origins, childhood, adolescent and intergenerational as well as adulthood factors are assessed for their influence on blood pressure, ideally through purposefully designed prospective studies with long follow up periods.
This study also reviewed the WHO framework on social determinants of health (SDH) in relation to how social inequities affect public health (Marmot et al., 2008).  SDHs are the general everyday socio-economic, cultural and environmental conditions under which individuals are born, grow, live, work, play, age and die (Commission on Social Determinants of Health, 2008).  The SDH framework includes structural and intermediary determinants which operate at multiple levels within the political, social, and economic context to influence individual behaviours and lifestyles. It is the latter which eventually impact on equity in health and well-being.
Studies on the social determinants of the incidence, prevalence, treatment and outcomes of cardiovascular diseases including hypertension have been published (Havranek et al., 2015; Peltzer & Pengpid, 2018).  Income, education and occupation are often used as proxies for socio-economic status or position.  For instance, a review of different social determinants observed that socially disadvantaged groups have relatively poorer cardiovascular health than those who are socially advantaged (Havranek et al., 2015).  Although the current study assessed the relationship between social determinants (educational attainment, occupation and wealth quintiles) and hypertension at two time points, eight-years apart, it did not have an equity focus.

[bookmark: _Toc51472109]3.7	Conceptual framework of the study 

Crawford (2020) posits that the theoretical framework is an element of the conceptual framework which outlines the relationships to be explored in terms of developing or testing formal theories.  The conceptual framework sets out how the political and social context of Ghana and the social determinants of health influence the occurrence of three groups of risk factors that are associated with hypertension, and how the uptake of treatment could lead to healthy older adults with controlled blood pressure (Figure 8).  Analogous to the Rowe and Kahn model, older adults who do not develop hypertension or those with hypertension who have the blood pressure controlled by treatment or non-pharmaceutical measures can be thought of as experiencing “successful ageing’.

[bookmark: _Toc71153647]Figure 8:	Conceptual framework, interfaced with the Rowe and Kahn model for successful ageing and the social determinants of health, for the analysis of factors associated with hypertension in older adults in Ghana and  
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The demographic, socioeconomic and lifestyle-related factors assessed were identified from a recent systematic review of determinants of hypertension in older adults in Africa (Bosu et al., 2019a).  The review found that demographic factors such as older age group and lifestyle factors such as overweight/obesity were consistently and independently associated with hypertension.
This study goes beyond the identification of factors associated with the mere presence or absence of hypertension to the factors associated with the grade of severity of hypertension.  The prediction of factors associated with hypertension is highly relevant in Ghana in a setting where there is a high prevalence of target organ damage from hypertension and other complications of hypertension (Addo et al., 2009a).


[bookmark: _Toc51472110]Chapter 4: Methods 

This chapter presents a detailed overview of the main source of data employed for the empirical analyses presented in the thesis, the SAGE Ghana Study.  It describes the study methods for each wave; its sampling technique; sample size and main features of the data collected from older adults.  Further, it defines the variables used and systematically describes the data analyses undertaken.  In addition, it describes the different approaches employed to ensure the quality of the data.  Finally, this chapter also includes a brief account of the ethical clearance procedures.

[bookmark: _Toc51472111]4.1	The SAGE Longitudinal Study

The Study on global AGEing and adult health (SAGE) is a multi-country panel survey (cross-sectional time-series) that assesses the physical, psychological and social health and well-being as well as the ageing process of adults aged ≥50 years in lower and upper middle countries over time (He et al., 2012).  These six countries are Ghana and South Africa in Africa, India and China in Asia, Mexico in North America and Russia in Europe.[footnoteRef:4]  The use of standardized data collection tools enables comparison over time within and between countries.   [4:  During 2007–2010, the World Bank classified China as a lower-middle income country; Ghana as low income; India as low to lower-middle income; and Mexico, Russia, and South Africa as upper-middle income countries  ] 

The publicly-available SAGE Ghana datasets were used for this study because they fit the study objectives which require nationally-representative, comprehensive, high-quality longitudinal data on Ghana.  
The SAGE study enrolled participants aged ≥18 years from the World Health Surveys (WHS) that were conducted in 70 countries including the six SAGE countries in 2002–2004 – hence, this constitutes SAGE Wave 0.  More comprehensive instruments including the modules on chronic NCD risk factors and anthropometry were developed for the first wave of SAGE studies (SAGE Wave 1) in the six countries which were conducted in 2007–2010.  SAGE Wave 2 was conducted in the same six countries in 2014/15 while SAGE Wave 3[footnoteRef:5] covered the 2018/19 period. [5:  Wave 3 is not available at the time of this study] 

There have been numerous publications based on the publicly-available SAGE datasets (Kowal et al., 2012; Minicuci et al., 2019).  The anonymized datasets are released to interested researchers under a user agreement, following approval of requests by the WHO SAGE team.  SAGE is led by the WHO Surveys, Measurement and Analysis Unit, Department of Information, Evidence and Research in Geneva and is supported by the National Department of Health and the United States National Institute on Aging.  SAGE Ghana Wave 2 also benefitted from financial support from the University of Ghana.

[bookmark: _Toc51472112]4.2	Sampling 

SAGE Ghana used a stratified, multistage cluster design to generate nationally representative and internationally comparable data (Kowal et al., 2012).  The country was stratified into ten administrative regions and then, each region into urban and rural residence, to yield 20 strata (Figure 9).  Each stratum had a defined number of enumeration areas (EA) which are the smallest geographical areas delineated by the GSS for national censuses and surveys.  
Using probability proportional to size allocation, 10-15 EAs per stratum were randomly selected to yield a total of 235 EAs (Cheung, 2014).  In each EA, about 22 households with at least one member aged ≥50 years per EA were randomly selected from a list of households to yield a total of 5,259 households in Wave 1.  In addition, four households with persons aged 18-49 years were randomly selected for comparison purposes.  In each selected household, all the individuals aged ≥50 years were interviewed.  Overall, in Wave 1, a total of 5,571 persons were enrolled, of whom 4,724 were aged ≥50 years (Minicuci et al., 2014).
The sampling procedure was similar for Wave 2, with Wave 1 participants being automatically recruited using Global Positioning System devices to locate their households.  Additional participants were enrolled to compensate for attrition.  Overall, 3,575 participants aged ≥50 years were selected from 5,117 households in 216 EAs in Wave 2.  

[bookmark: _Toc71153648]Figure 9:	Schematic diagram illustrating the sampling process in Ghana SAGE Waves 1 and 2

Notes: Owing to space constraints, only three of Ghana’s ten regions are shown in this illustrative scheme	


Data collection took place from May 2007 to June 2008 for the Wave 1, and from September 2014 to June 2015 for Wave 2.  Data were collected through with computer-assisted face-to face personal interviews (CAPI) by four field teams, each comprising of 3–5 field workers, who moved from region to region.

[bookmark: _Toc51472113]4.4	Data collection instruments

The primary data were collected by research assistants with two main questionnaire types – household and individual (Biritwum et al., 2013).  The household questionnaire collected data around assets, income, expenditures and health insurance coverage.  The individual questionnaire collected data concerning demographic characteristics; socioeconomic factors (employment status, educational level, income); health status; behavioural risk factors such as daily fruit and vegetable intake; physical activity; tobacco and alcohol intake; self-reported history of chronic illnesses; well-being and quality of life; and health care utilization.  A detailed description of these variables can be found in Appendix 5.  

[bookmark: _Toc51472114]4.5	Definition of variables used in the current analyses
[bookmark: _Toc51472115]4.5.1	Coding of variables

In line with the theoretical framework adopted for this study, two components of the Rowe and Kahn model of successful ageing were examined – these being, the probability of disease represented by the prevalence of hypertension and physical function represented by lifestyle variables including level of physical activity (Rowe & Kahn, 1997).  In line with the conceptual framework, the explanatory variables in each study wave were categorised into three characteristics - demographic, socio-economic, and risk behaviours associated with cardiovascular diseases.  These sets of variables have been used in the application of the Rowe and Kahn model of successful ageing in a West African setting (Gureje et al., 2014) and have also emerged from the systematic review of determinants associated with hypertension in older adults in Africa (Bosu et al., 2019a).
As in similar studies in Ghana, age was categorised into three groups for convenience: 50-64 years, 65-74 years and ≥75 years (Minicuci et al., 2014; Osman, 2017).  Educational level was categorized as nil for those who had never had formal education, primary level or less, secondary education or higher as in previous SAGE studies (Lloyd-Sherlock et al., 2014).  
The behavioural risk data collected were fruit and vegetable intake, alcohol intake, tobacco use and physical activity.  They were assessed using the WHO STEPwise protocol (WHO, 2008).  The number of daily fruit and vegetable servings consumed by participants was estimated with each serving amounting to about 80 grams.  In line with WHO recommendations, a minimum of five daily fruit and vegetable servings (or 400g) was considered adequate (WHO, 2003).
Alcohol consumption was categorised into three groups: lifetime abstainer, non-heavy drinker and heavy drinker.  Lifetime abstainers reported they had never consumed any alcohol-containing drink such as beer, wine or spirits.  Heavy alcohol consumption was categorised based on the sex of the participant and on the quantity of alcohol drank in the seven days preceding the survey.  Women who took four or more standard drinks and men who took five or more drinks on any day during the preceding seven days of the study were considered as heavy drinkers (WHO, 2008).  One standard drink generally contains about 10g of ethanol.  Participants who consumed alcohol in fewer quantities or less frequently over the past 12 months were considered non-heavy drinkers. 
Tobacco users were categorised as current users if they smoked, sniffed or chewed any tobacco product, even if they did not use the product daily.  Participants who reported they had ever used tobacco products and were no longer using it were considered former tobacco users or more loosely as former smokers.  Those who had never used any tobacco product in whatever form were considered never tobacco users or more loosely as never smokers, since smoking tends to be the most common way in which tobacco is used.
The level of physical activity was assessed based on the Global Physical Activity Questionnaire (Bull et al., 2009).  Participants were asked about frequency, duration and intensity of leisure, travel and work-related physical activity.  The resulting metabolic equivalent, or MET, describing the energy expenditure of a specific activity, was categorised into low-, moderate- and high-level of physical activity. 

[bookmark: _Toc51472116]4.5.2	Construction of wealth quintiles

Wealth quintiles were used as a proxy of overall economic status.  They were based on a set of household assets, dwelling characteristics (type of wall, roofing, floors and cooking stove), access to services (water, sanitation, cooking fuel) as used in the demographic and health surveys (Rutstein & Johnson, 2004).  These assets and amenities are thought to reflect household living standards in communities (Vyas & Kumaranayake, 2006).  The household items differed between the two study waves with chairs, clock, bucket, sewing machine, tractor and ownership of a second home in Wave 1 replaced by microwave, hot water system, DVD, internet, air conditioner and heating in Wave 2.  The wealth index was computed using principal component analysis (PCA) conducted on 30 items with orthogonal rotation (varimax) (Vyas & Kumaranayake, 2006).  
PCA is a multivariate statistical technique to reduce the number of variables into a smaller group of variables called components or dimensions, with the aim of explaining as much of the total variance in the variables as possible.  This is achieved by representing the correlations among a set of observed variables with a reduced set of variables.  
Mathematically, the components are a weighted linear combination of measured variables that can be expressed as:
C = w1(Y1) + w2(Y2) + w3(Y3) + w4(Y4)						(4.1)

where C = a principal component score 
Y1-Y4 are a set of variables whose number the researcher seeks to reduce
w1-w4 are weights that are applied to the different variables; those with low standard deviations are assigned a low weight.
The assets and amenities were coded as binary variables and their frequencies, means and standard deviations analysed, using SPSS software (IBM Corp., 2017).  The non-binary variables in the factor analysis were the number of members per sleeping room, the monetary value of land owned, the value of jewellery and the number of chairs (Rutstein, 2015).  On average, 2.1% of the assets in W1 and nil in W2 had the missing values.  The variables that had no correlation or correlated too weakly (r<0.3)[footnoteRef:6] to be discriminatory or too highly (r>0.8) correlated with the risk of extreme multicollinearity were removed prior to the PCA (Field, 2009).  Multicollinearity was also assessed by testing whether the determinant of the correlation matrix is zero – in other words, if the variables were perfectly correlated.  Mathematically, a value of the determinant >0.00001 indicates that the correlation matrix is not singular or that there is no extreme multicollinearity whereas a value of zero implies that there is no correlation between the variables (Field, 2009).   [6:  The correlation between two variables is measured by a correlation coefficient, r which ranges from zero (indicating no correlation) to one (indicating perfect correlation)] 

Using an iterative algorithm, PCA computes two sets of values – the eigenvectors which are the weights applied to each variable, and corresponding eigenvalues which represent the total variance explained by a component.  The aim is to generate an eigenvector which will explain the most variance in the set of variables.  
The suitability of the data for PCA was assessed primarily with the Kaiser–Meyer–Olkin (KMO) statistic and the Bartlett’s test of sphericity (Kaiser, 1974).  The KMO statistic, representing the ratio of the squared correlation between variables to the squared partial correlation between variables, indicates whether the partial correlations among the variables are small. A KMO threshold of 0.5 or 0.6 is typically recommended in the literature (Hair et al., 2014).  The Bartlett test of sphericity tests whether the correlation matrix is an identity matrix with 1 on the diagonal and 0 on the off-diagonal.  It tests the overall significance of all the correlations within a correlation matrix.  A statistically significant result on the Bartlett test is essential for factor analysis or PCA. 
The data met the criteria for suitability for PCA, yielding a KMO measure of sampling adequacy statistic of 0.84 for Wave 1 and 0.82 for Wave 2.  The Bartlett’s test of sphericity was statistically significant in each wave (χ2 = 53761.50, df = 465, p < 0.001 for Wave 1; χ2 = 51440.51, df = 435, p < 0.001 for Wave 2).  The determinant statistics were 3.62E-05 and 4.21E-05 for Wave 1 and Wave 2 respectively.  Eight components had eigenvalues over Kaiser’s criterion of 1 and cumulatively explained 55.6% of the variance in Wave 1 (Appendix 6).  The corresponding figures for wave 2 were six components which cumulatively explained 51.9% of the variance.  Using the SPSS statistical software (IBM Corp., 2017), the factor score obtained after the rotation was weighted by household size and divided into quintiles.  Quintile 1 represented the poorest households while Quintile 5 represented the richest households.

[bookmark: _Toc51472117]4.5.3	Anthropometric measurements

In line with standard protocols, height was measured with the participant’s shoes removed, feet and heels close together in an upright position with his/her back, head and heels touching a vertical wall (Riley et al., 2016).  In line with WHO recommendations, values ranging from 100.0 cm to 270.0 cm were considered plausible (WHO, 2008).  The participant’s weight was similarly measured without his/her footwear.  The plausible weight values ranged from 30.0 to 200.0 kilograms.  
BMI was calculated as weight of the subject in kilogrammes divided by the square of the height in metres.  In line with WHO criteria, the BMI (in kg/m2) was classified into the following nutritional status groups: <18.5– underweight, 18.5-24.9– normal, 25.0-29.9– overweight and ≥30 – obese (WHO, 2000), with values of 11.0-75.0 being considered plausible (WHO, 2008).
In the primary SAGE studies, hip and waist circumferences were measured with the subject in loose clothing according to standard protocols (Riley et al., 2016).  The waist circumference (WC) was measured with the tape measure around the top of the hip bone and parallel to the floor.  The hip circumference (HC) was measured at the maximum at the maximum circumference over the buttocks.  There is evidence that WC is an independent predictor of cardiometabolic risk and may even be a better measure than BMI (Ashwell et al., 2012; Klein et al., 2007; Ononamadu et al., 2017).  Plausible values for the waist and hip circumferences were 30.0-200.0 cm and 45.0-300.0 cm respectively (WHO, 2008).  

[bookmark: _Toc51472118]4.5.4	Measurement of blood pressure and definitions of awareness, treatment and control of hypertension

In the SAGE studies, BP was measured on the right wrist using an electronic wrist BP monitor according to standard protocols (Riley et al., 2016).  Three systolic (SBP) and diastolic BP (DBP) readings were taken at one-minute intervals with the mean of the last two BP readings being used in the analysis.  In line with WHO recommendations, SBP readings of 40-300 mmHg and DBP readings of 30-200 mmHg were considered plausible (WHO, 2008).  Subjects with SBP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg or on anti-hypertensive medication over the past two weeks were regarded as having hypertension (Chobanian et al., 2003b).  Those who reported having previously been diagnosed by a health professional were considered to be aware of their diagnosis (Addo et al., 2008; WHO, 2008).  People with hypertension who reported taking antihypertensive pharmacological medication were considered to be on treatment.  Those on treatment in the last two weeks and whose BP was less than 140/90 mmHg were considered to have controlled hypertension.  The proportion of those previously diagnosed who were on treatment was also assessed. 

[bookmark: _Toc51472119]4.6	Ensuring data quality during data collection

Several measures were undertaken by the SAGE Ghana Team in the primary studies to ensure high quality results.  These included the use of experienced and well-trained field assistants and Supervisors; daily checks by Supervisors on the completeness of questionnaires and plausibility of responses; use of standardized questionnaires; translation of questionnaires into three local languages; repeated visits to locate absentee respondents and use of calibrated digital equipment.  Fieldworkers were trained for ten days initially and then again just before fieldwork.  In order to validate completed questions, a random sample of households and individuals were re-tested on selected variables such as household assets, health status and anthropometrics.  High individual and household response rates of 94% and 98% respectively were achieved in Wave 1 (Biritwum et al., 2013).

[bookmark: _Toc51472120]4.7	Ethical clearance

Ethical approval for the primary study was obtained from WHO’s Ethical Review Board as well as from the Ethical and Protocol Review Committee of the University of Ghana Medical School.  The approval for the current study which comprises secondary analysis of publicly-available anonymized datasets of two waves of the SAGE Ghana study was provided by the Faculty of Health and Medicine Research Ethics Committee (FHMREC) of Lancaster University (Appendix 7).

[bookmark: _Toc51472121]4.8	Data Analysis 

Descriptive statistics were employed to summarize the background characteristics of the study samples in both waves.  The association between the explanatory and the outcome variables were tested using Pearson chi-squared statistics.  

[bookmark: _Toc51472122]4.8.1	Logistic regression – single, multilevel, repeated measures

A series of regression analyses was performed to assess the demographic, socioeconomic and lifestyle characteristics associated with the prevalence of hypertension defined as a binary outcome.  More specifically:
· Univariable and standard multivariable logistic regressions were run for each study wave.  
· Then, multilevel (two- and three-level) random intercept logistic regression models were performed taking into account the hierarchical structure of the dataset with subjects (level 1) nested within households (level 2) and the households nested within enumeration areas (level 3).  
· Single level and multilevel random effects analyses were performed with the study wave included as a categorical variable to reflect time.  The aim was to assess the effects of household membership and not just individual level differences as well as the effect of the study wave on the prevalence of hypertension.  

4.8.1.1	Standard logistic regression

The logistic regression model estimates the conditional probability that the outcome variable Y=1 (in this case, Y=1 corresponds to having hypertension) given a set of explanatory variables X1, X2, …, Xk.  Such probability is estimated using the logistic regression equation (Field, 2009):  


		(4.2)

Where:
e = base of natural logarithm
β0  = intercept (constant)
β1…k = corresponding estimated coefficients of explanatory variables X1…Xk

A logit-transformation enables a linear relationship between the logs-odds of the outcome variable and the predictor variables.  The logit form in equation 4.3 shows the outcome variable Y as the logs odds equals 1:


	(4.3)

The parameters, the beta coefficients (0, 1, …, k) in a logistic regression, are estimated by maximum likelihood estimation methods.  They represent the intercept (0) or slope (e.g. 1).  A 1 of 2.0 means that an increase of 2.0 in the log odds of the outcome occurring, holding all other variables in the model constant.  More intuitively, the exp(1) or e2.0 = 7.39, indicates that odds of the outcome occurring is 7.39 times the odds that it does not occur.  The odds ratio is also used to compare the odds that the event occurs when the explanatory variable has one value versus when it has a reference value.

4.8.1.2	Multilevel logistic regression models of the separate study waves

Multilevel modelling (MLM) is variously known as hierarchical level modelling, random coefficient models, random effects models, random parameter models, nested models, mixed models or variance component models to reflect the multiple fields in which the statistical method was developed (Garson, 2013).  It takes into account the nested or hierarchical structure of the data.  For example, students are nested within classrooms which are in turn, nested within schools.  This example represents a three-level nesting, with the students at Level 1, classrooms at Level 2 and schools at Level 3.  In the health setting, the patients are at Level 1, consulting doctors at Level 2 and hospitals at Level 3.  Longitudinal data could also be considered another type of multilevel data in which the measurement occasions (Level 1) are nested in the individual (Level 2) (Robson & Pevalin, 2016). 
Without considering the nested structure of the data, the assumption of independence will be violated since there is dependence among the observations.  Individuals belonging to a cluster such as a household tend to share measured and unmeasured characteristics or behaviour that are related to the outcome.  Thus, the model assesses variation between individuals (Level 1) as well as between the households (Level 2).  Ignoring the nested structure leads to incorrect estimation of the standard errors and a tendency to find statistically significant associations where none exist (Type I error) (Steele, 2008).  Conclusions arising from such spurious analyses may have major policy implications.  That said, nested datasets do not automatically require MLM as there may not significant variation between the level 2 units in relation to the outcome variable (Peugh, 2010).  
MLM allows for between- and within-group effects to be studied, can accommodate non-independence of observations, missing data, absence of a balanced design or equally spaced measurements, and heterogeneity of variance across repeated measures (Field, 2009; Woltman et al., 2012).  It provides accurate estimates of regression coefficients and standard errors.  
Unlike the standard (single level) logistic regression, in MLM, the intercept or slope or both are allowed to vary according to a distribution.  The random intercept multilevel model takes the form:


		(4.4)

where

log = log odds of the outcome =1 or in this study; or that an ith individual Level 1 unit) in household j (Level 2 unit) has hypertension
0  = intercept or the overall mean of Y across all groups; the log odds that Y=1 when X=0 and µ =0 (overall prevalence of hypertension in the absence of any predictor variables )
1 = coefficient for the corresponding explanatory variable X1.  It represents the log odds that Y=1 when x increases by 1 unit among individuals in the same group (that is, household) j (cluster-specific effect of x).
µj = random intercept for the jth group or the group-level (Level 2) residual.  Thus, µ1 represents the prevalence of hypertension in household 1; µ2 represents the prevalence of hypertension in household 2.  It is assumed to follow a normal distribution with mean 0 and variance µ 2 (µj ~ N(0, µ2)).  It is the effect of membership of group j on the log-odds that the outcome variable, y = 1.  It represents the difference in the prevalence of hypertension between two different households.

In effect, the model explores the extent of variation in the prevalence of hypertension between households while at the same time identifying individual-level or household-level explanatory variables associated with hypertension.
Unlike the single level logistic regression in which the intercept was represented by 0, in the random intercept model, the group-level intercept is represented by (0 + µj).  The addition of µj allows the group means or the intercept to vary across the groups – hence, ‘random intercept’ model.  Thus, the different groups could have the same slope but a random (varying) group-level intercept.  In the current analysis, the model sought to assess if group level differences (at the household or enumeration area levels) were important in explaining the variability in the prevalence of hypertension.
The estimated model used for predicting the odds that ith individual in household or group j has hypertension (on a log scale) is as follows:

				(4.5)
The terms in the estimated model are defined as for the observed-data model.  For example, the beta-zero-hat is the predicted estimate of the overall intercept across all groups generated by the model. 
In the random slope model, the group-level random component (1 + µ1j) is added to the slope coefficient as follows:


   (4.6)

The random effects, µ0j and µ1j are assumed to follow normal distributions with zero means, variances µ02 and µ12 respectively, and covariance µ0µ1.  The random slope model assesses how the effect of a predictor variable on hypertension differs from between households (the higher level).  

4.8.1.2.1	Model assumptions and diagnostics

The assumptions relating to logistic regression model estimation are that (O’Halloran, 2005):
1. The model is correctly specified, with the true conditional probabilities being a logistic function of the independent variables; no important variables being omitted; and the independent variables being measured without error.
2. The observations are independent of each other.
3. The independent variables are not linear combinations of each other (no strong multicollinearity).

The Stata command linktest checks if the model is properly specified by looking for any additional predictors that are statistically significant (Statistical Consulting Group, 2020).  It includes the predicted value (_hat) and linear predicted value squared (_hatsq) as predictors in the model.  The variable _hat should be a statistically significant predictor  of hypertension (the outcome of interest), while _hatsq should not be statistically significant if the model is correctly specified.
Goodness-of-fit test was conducted to indicate how well the model fitted the observed data (Archer & Lemeshow, 2006).  A p value of >0.05 indicated no evidence of lack of fit.  The two-level random intercept model assumed that Level 2 residuals for different groups are uncorrelated and are normally distributed (Pillinger, 2011).

4.8.1.2.2	Intraclass coefficient

In the random intercept model, the variability in the outcome is partitioned between the individual and the group-levels (that is, the household level).  In the random-intercept model, it is expressed as the intra-class coefficient, ρ (rho), and calculated as follows:


          (4.7)

In a multilevel logit model, the level-1 error variance is assumed to have a logistic cumulative density function given x, σ2 = π2/3 =3.29 and so the ICC is computed as:


						(4.8)

In the context of the current study, the ICC is interpreted as the variability in the prevalence of hypertension due to differences between households (Level 2).  It reflects the unobserved household-level effects on the prevalence of hypertension.  It measures how similar the prevalence of hypertension is among individuals in the same household.
In the three-level model, the total variance (the denominator) is partitioned between the household (HH) level (v2), enumeration area (EA) level (v3) as well as the within-subject variance (v1), which in the logit model is fixed at π2/3 (equation 4.9).  The proportion of the total variance in hypertension attributable to between-household and between-enumeration area differences is expressed in terms of the variance partition coefficient (VPC).  It is the ratio of the sum of the household and enumeration area random effects variance (v2+v3) and the overall total variance (v1+v2+v3) (equation 4.10).  The proportion of variation in hypertension at either the household (v2) or enumeration level (v3) is the ratio of the variance at the respective level and the overall variance (v1+v2+v3).


  (4.9)

					(4.10)

4.8.1.2.3	Fitting the models

Two broad groups of statistical analyses were conducted – first, separate analysis was run for waves 1 and 2 and secondly, by pooling waves 1 and 2 data together for the longitudinal data analysis.  In the separate analysis of the study waves, the models were fitted to the data systematically starting with the null models with no explanatory variables in the single level logistic regression models through to the two- and three-level models.  In the single level standard logistic regression model, the set of demographic, socio-economic and lifestyle explanatory variables were cumulatively added to the model to establish which one provided the optimal fit to the data.  The optimal model at the single level was then extended to the multilevel models with the same set of explanatory variables.
Using the selection probabilities at each stage of selection, individual and household weights were calculated, and then post-stratified by region and locality, sex according to the 2010 Ghana Statistical Service projected population estimates (Biritwum et al., 2013).  The models took account of the complex survey design, using Stata’s svy command with data on sampling weights, clustering and stratification, in order to compute unbiased standard errors and parameter estimates (Kreuter & Valliant, 2007).
The measures of effect were crude and adjusted ORs, reported with their 95% confidence intervals. Standard errors were obtained that were robust to misspecification of the model (Royall, 1986).  Two-tailed statistical tests were done with the level of statistical significance set at 5%.  Between-group variation was assessed by computing intra-class correlation coefficients (ICC).  
Multicollinearity was not considered to be a major concern if the variance inflation factors (VIFs) were below the traditional threshold of 10 (Hair et al., 2014).  VIF measures whether a predictor variable has a strong linear relationship with other variables in the model.  Likelihood ratio tests were used to compare between models during the model build up and to compare between single and multilevel models.  In the models of complex survey data derived from multi-stage cluster sampling, post estimation comparisons were based on the goodness-of-fit measures, Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC), with a lower value indicating a better fit (Field, 2009).  Both AIC and BIC are penalized-likelihood criteria, often used for comparing non-nested models (Dziak et al., 2012). The AIC or BIC for a model takes the form [-2log L + kp], where L is the likelihood function, p is the number of parameters in the model, and k is 2 for AIC and log(n) for BIC.  By itself, neither AIC nor BIC is meaningful and so they are calculated for the comparison models with smaller AIC or BIC values indicating better fit of the data.  All statistical analyses were performed in Stata 15 (StataCorp, 2017).

4.8.1.3	Multilevel logistic regression model controlling for the effect of repeated measures

The datasets from the two successive study waves of the SAGE Ghana study were merged using unique participant and household identifiers.  Data on the outcome and risk factors were collected repeatedly among those individuals who had participated in both waves.  Having two data points provides an opportunity to analyse prevalence and level of hypertension over time.  Modern statistical techniques have the advantages of being able to model different types of outcome data, including continuous, categorical, and count data; categorical and continuous covariates; make use of all available data for each subject; and to accommodate data with unequal times between measurements or that are incomplete (Schober & Vetter, 2018).
Repeated measures on the same subject at different times almost always are correlated, with measures that are taken close together in time being more highly correlated than measures that are farther apart in time (Littell et al., 2000).  For example, two blood pressure measurements that are taken one week apart on the same individual might be more highly correlated than if they were taken one year apart.  The analysis of repeated measures takes account of the variation within a subject and between subjects.
A random effects logistic model was used in the current analysis of the factors associated with hypertension in the two waves of the SAGE study in Ghana, while allowing for the within-subject correlation from the repeated observations (Hu et al., 1998).  The addition of the random effects allows for the adjustment of individual differences or “subject-specific effects”.  The same covariates from the MLM on the separate SAGE study waves were fitted to the merged dataset with the study wave included as an additional covariate.  
The correlation between the presence of hypertension between the two waves may be represented by the Greek letter, rho, ρ with subscripts indicating the subject’s number and the measurement occasion.  Thus, ρ11 indicates the correlation between the presence of hypertension in Subject 1 at Wave 1 and ρ12 indicates that between Subject 1 at Wave 2.  The correlation of a single variable with itself as in subjects at wave 1 is 1 as there is only one measurement.  

	=					(4.11)

In this study with only two time points, no assumptions can be made about the structure of the correlation or the covariance between two hypertension measurements in the same subject.  In other words, the correlation matrix with no restriction on the correlation parameter is unstructured.  To put this in context, other types of correlation matrix could have been considered if there had been more than two measurements.  For example, if there were four measurements, the correlation structure would be considered independent if it was assumed that there were no correlations between measurements on the presence of hypertension in the same subjects in Wave 1 and Wave 2, Wave 1 and Wave 3 or Wave 1 and Wave 4; that is, ρ12, ρ13, and ρ14, were all zero (Kleinbaum & Klein, 2002).  If the correlations between the repeated measures were identical, the correlation structure would be termed exchangeable; that is ρ12, ρ13, and ρ14 were non-zero and equal to ρ.  It would be unstructured, if the correlation parameters differed and were unpredictable between repeated measures in successive waves.
In practice, the selection of the a working correlation structure is not always clear and is at the discretion of the researcher (Kleinbaum & Klein, 2002).  Factors to consider include the number of parameters (parsimony preferred), the interpretation of the structure, diagnostic results, and effects on fixed effects (Kincaid, 2005).  The information criteria such as the AIC, BIC and the quasi-information criteria may help to choose the appropriate covariance structure (Barnett et al., 2010).  

[bookmark: _Toc51472123]4.8.2	Ordinal logistic regression 

Beyond the prevalence of hypertension as an outcome, the current analyses also assessed the risk factors associated with the different levels or grades of hypertension.  In line with international guidelines, hypertension was classified further as grade 1 (mild) if SBP was 140–159 mm Hg and/or DBP was 90–99 mm Hg, as grade 2 (moderate) if SBP was 160–179 mm Hg and/or DBP was 100–109 mm Hg, and as grade 3 (severe) if SBP was ≥180 mm Hg and/or DBP was ≥110 mm Hg (Whitworth, 2003).  Studies show that higher grades of hypertension are associated with greater risk of cardiovascular complications (Addo et al., 2009a; Nelissen et al., 2014).
The prevalence of the different grades of hypertension was summarized for each study wave.  As with the binary model, the risk factors were assessed in a single level and multilevel ordinal logistic regression.  The multilevel regression model considered households as a higher-level outcome and the individuals as Level 1.  The covariates were the same in the binary and the ordinal regression models.
Based on the four outcome categories, normal (N), mild (L), moderate (M) and severe (S) hypertension, three cumulative logit regression models with the same predictor(s) can be derived from the ordinal logistic model.  In each component model, one category or more serves as a referent value (coded 0) and the adjacent higher category or categories as the comparison category (coded 1) – that is, N versus L, M, S; N, L versus M, S; and N, L, M versus S.  Under the proportional odds assumption in ordinal logistic regression, the beta coefficients of these three cumulative logit models are the same, although they may differ in their intercepts.  Thus, applied to the current study, this assumption asserts that the relationship of predictors to the odds of a subject being in the next higher order category of hypertension is the same regardless of categories of hypertension being compared.
The ordinal logistic regression is represented as:

	          	(4.12)
Where:
The response is the log odds of the probability of being in or below category j
0j = log-odds of being in or below category j when x1 = xp = · · · = 0
j1 = increase in log-odds of being in or below any category associated with a 
one-unit increase in X1, holding all the other predictors constant.  Under the 
proportional odds assumption, this slope is constant across categories and so 
can be simplified to 1  
p = number of predictors

The violation of the proportional odds assumption was indicated by a significant Brant test statistic or other tests such as the Wolfe Gould, score test, likelihood ratio and the Wald test (Williams, 2006).  Where there was a violation, the categories of the grades of hypertension were recoded and the ordered logit model re-run.  If the violation persisted, the Stata command, gologit2[footnoteRef:7] with the autofit was used to relax the constraints of only those ‘violating’ variables in a partial proportional odds model (Williams, 2016b).  This ensured a better fit of the data and more accurate parameter estimates than the model which violates the proportional odds assumption.  An insignificant Wald test showed that the proportional odds assumption was met. [7:  Gologit2 constrains the sum of the predicted probabilities of all outcomes to add up to one for every subject.] 

As in the binary model, comparisons of the goodness of fit between single and multilevel models were made with likelihood ratio tests, AIC and BIC.

[bookmark: _Toc51472124]4.8.3	Prevalence of awareness of hypertension, treatment uptake and outcomes  

The proportion of all subjects with hypertension who were aware of their disease from a previous diagnosis, those on pharmacological treatment and those with controlled blood pressure were determined separately for waves 1 and 2.  No regression analysis was run to identify the risk factors associated with  awareness, treatment and control of hypertension.

[bookmark: _Toc51472125]4.8.4	Prevalence of multiple risk factors for chronic NCDs 

The distribution of any combination of seven risk factors - low physical activity, obesity, central obesity, current daily tobacco use, heavy alcohol intake, inadequate daily fruit and vegetable intake and hypertension – among subjects in each of the two waves was determined.  As with the awareness, treatment and control, the analysis was descriptive with no regression analysis run to identify the risk factors associated with the prevalence of multiple risk factors.



[bookmark: _Toc51472126]Chapter 5: Results 

[bookmark: _Toc51472127]5.1	Introduction 

This chapter presents the key findings on the prevalence of hypertension, its severity and the associated risk factors in each of the two study waves.  It reports the change in the prevalence of hypertension over time and associated factors in a repeated measures analysis of the combined Wave 1 and Wave 2 dataset.  It also presents the level of awareness, treatment and control of hypertension, and prevalence of multiple risk factors in each study wave.  

[bookmark: _Toc51472128]5.2	Demographic profile of study subjects

The total number of subjects aged ≥50 years enrolled was 4,724 in Wave 1 (W1) and 3,575 in Wave 2 (W2) (Table 5.1).  Females and urban residents comprised 50.3% and 40.6% of the W1 sample respectively.  They comprised 58.8% and 48.5% of the total W2 sample respectively.  The weighted mean age of the participants was 64.2 ± 10.8 years [95% confidence interval (CI): 63.7-64.7 years] and 62.6 ± 10.2 years (95% CI: 62.1-63.1 years) in W1 and W2 respectively.  



Table 5.1	Background characteristics of participants in the SAGE Ghana study Wave 1 and Wave 2
	Variable
	Wave 1 % (n=4724)
	W2 % (n=3575)

	Sex
	
	

	Males
	49.8
	46.6

	Females
	50.3
	53.5

	Age in 3 broad groups
	
	

	50 - 64
	55.2
	64.3

	65 - 74
	26.9
	19.7

	75-plus
	18.0
	16.0

	Type of residence
	
	

	Rural
	59.4
	51.5

	Urban
	40.6
	48.5

	Regional Groups
	
	

	Northern regions
	18.1
	16.7

	Other regions
	68.7
	68.9

	Greater Accra Region
	13.2
	14.5

	Ethnicity
	
	

	Northern groups
	10.8
	27.5

	Akan
	48.7
	45.5

	Ga-Adangme
	10.5
	14.7

	Others
	30.0
	12.3

	Marital status group
	
	

	Currently married or cohabiting
	60.6
	62.6

	Previously or never married
	39.4
	37.4

	Educational level
	
	

	Nil
	53.9
	42.2

	Primary or less
	21.3
	28.1

	Secondary or higher
	24.7
	29.7

	Religious group
	
	

	Christian
	69.6
	72.8

	Islam
	15.9
	18.5

	Others
	14.5
	8.7

	Work history past 7 days
	
	

	Not currently working
	30.9
	32.3

	Currently working
	69.1
	67.7

	Employer in current or most recent job
	
	

	Informal
	7.3
	16.5

	Self-employed
	78.3
	71.1

	Public sector
	10.5
	8.1

	Private sector
	3.9
	4.3

	Wealth quintile 
	
	

	Poorest
	20.6
	23.7

	Poor
	22.8
	21.8

	Mod poor
	22.0
	19.9

	Rich
	18.4
	18.4

	Richest
	16.2
	16.3

	Self-rated health status
	
	

	Very good or good
	41.2
	63.6

	Moderate
	41.6
	27.0

	Poor or very poor
	17.1
	9.4

	Difficulty moving around past 30 days
	
	

	Nil or mild difficulty
	75.1
	81.8

	Moderate difficulty
	17.7
	11.6

	Bad or very bad
	7.3
	6.6

	Difficulty with daily living activities
	
	

	Nil
	19.3
	41.4

	Mild to mod difficulty
	64.4
	51.9

	Severe disability/inability
	16.3
	6.8

	OPD visits over the past 12 months
	
	

	once/year or less
	62.0
	71.5

	> once/year
	38.0
	28.5



The men were slightly older than the women (64.4 years, 95% CI: 63.7–65.0 versus 64.1 years, 95% CI: 63.6–64.6) in W1 but slightly younger than the women (62.4 years, 95% CI: 61.7–63.0 versus 62.8 years, 95% CI: 62.2–63.4) in Wave 2.  The age differences by sex were not statistically significant in either study wave.  
Compared to W1, W2 participants were younger, more likely to be urban residents, belong to Northern ethnicities, be currently married, better educated, be Christian or Muslim, be currently working, currently or recently employed in the informal sector, report better self-rated health status, have little or no difficulty moving around or performing their daily living activities, and to have visited outpatient facilities less frequently over the past twelve months (Table 5.1).  
Overall, in each study wave, the SAGE study participants were predominantly female, rural residents, currently married or cohabiting, illiterate, Christians and self-reported generally being healthy and active.

[bookmark: _Toc51472129]5.3	Prevalence of hypertension among older adults 
[bookmark: _Toc51472130]5.3.1	Aggregated prevalence by study wave

The weighted prevalence of hypertension in older adults, including those on anti-hypertensive medication in the preceding two weeks of the survey, was 57.0% (95% CI: 54.6 – 59.3%) in W1 and 35.1% (95% CI: 32.5-37.7%) in the W2 sample (Table 5.2).  The corresponding unweighted prevalence was 56.3% and 34.7% respectively.  
The percentage of self-reported hypertension in W1 (13.9%) and in W2 (14.1%) was similar in the unweighted sample.  The prevalence of hypertension based on BP measurement only was 53.9% and 33.8% in W1 and W2 respectively.  The additional participants classified as hypertension based on their treatment history over the past two weeks in the study waves was 4.5% and 2.7% respectively.  
Among the same cohort of 1,828 participants in W1 with data on the presence or not of hypertension in W2 (thus, total of 3,656 observations), 1004 (54.9%) had hypertension at baseline but this number dropped to 668 (36.5%) in W2.  

	 
[bookmark: _Toc49684878]Table 5.2:	Prevalence of hypertension by demographic, socioeconomic and lifestyle factors in each study wave
	Variable
	W1 Total n=4254
	 % Hypertension Wave 1 
	W1 Prevalence (95% CI)
	p value (Wave 1)
	Total n=3520
	 % Hypertension Wave 2 
	W2 Prevalence (95% CI)
	p value (Wave 2)

	Total
	4254
	57.0
	54.6, 59.3
	 
	3520
	35.1
	32.5, 37.7
	 

	Sex of respondent
	
	
	
	0.008
	
	
	
	0.306

	Males
	2218
	54.6
	51.6, 57.6
	 
	1459
	33.9
	30.2, 37.9
	 

	Females
	2036
	59.6
	56.6, 62.6
	 
	2061
	36.1
	33.4, 38.9
	 

	Age range
	
	
	
	0.211
	
	
	
	<0.001

	50 - 64
	2296
	56.5
	53.4, 59.5
	 
	1874
	31.0
	27.6, 34.7
	 

	65 - 74
	1180
	59.4
	55.9, 62.9
	 
	886
	42.8
	37.7, 48.1
	 

	75-plus
	778
	54.8
	50.5, 59.1
	 
	760
	41.6
	37.4, 45.9
	 

	Type of residence
	
	
	
	<0.001
	
	
	
	<0.001

	Rural
	2510
	51.2
	48.0, 54.5
	 
	2151
	28.4
	26.1, 30.9
	 

	Urban
	1744
	65.2
	61.8, 68.4
	 
	1369
	42.2
	37.7, 46.9
	 

	Regional Groups
	
	
	
	<0.001
	
	
	
	<0.001

	Northern regions
	754
	40.3
	33.7, 47.3
	 
	735
	28.1
	24.4, 32.2
	 

	Other regions
	3011
	58.7
	55.9, 61.5
	 
	2461
	32.2
	29.7, 34.9
	 

	Greater Accra Region
	489
	67.4
	62.7, 71.8
	 
	324
	58.1
	47.1, 68.3
	 

	Ethnicity
	
	
	
	<0.001
	
	
	
	0.012

	Northern groups
	425
	64.3
	58.0, 70.1
	 
	1035
	31.3
	27.5, 35.4
	 

	Akan
	2051
	60.8
	57.6, 63.9
	 
	1701
	32.5
	29.7, 35.5
	 

	Ga-Adangme
	432
	58.6
	52.7, 64.2
	 
	438
	38.9
	32.5, 45.7
	 

	Others
	1270
	47.7
	43.3, 52.2
	 
	346
	48.2
	35.8, 60.8
	 

	Marital status 
	
	
	
	0.004
	
	
	
	<0.001

	Currently married or cohabiting
	2397
	54.7
	51.6, 57.8
	 
	1998
	31.7
	28.3, 35.3
	 

	Previously or never married
	1835
	60.2
	57.4, 63.0
	 
	1522
	40.7
	37.5, 44.0
	 

	Educational level
	
	
	
	0.003
	
	
	
	0.269

	Nil
	2321
	54.2
	51.1, 57.2
	 
	1757
	33.4
	30.6, 36.3
	 

	Primary or less
	888
	60.2
	56.3, 64.0
	 
	849
	38.4
	32.4, 44.9
	 

	Secondary or higher
	1021
	60.6
	56.9, 64.3
	 
	914
	34.4
	30.2, 38.8
	 

	Religious group
	
	
	
	<0.001
	
	
	
	0.405

	Christian
	2925
	59.2
	56.5, 61.9
	 
	2528
	34.6
	31.5, 37.8
	 

	Islam
	673
	57.1
	50.9, 63.2
	 
	657
	38.1
	33.3, 43.1
	 

	Other
	644
	46.1
	40.8, 51.5
	 
	335
	33.0
	26.2, 40.6
	 

	Work history past 7 days
	
	
	
	<0.001
	
	
	
	<0.001

	Not currently working
	1299
	63.1
	59.6, 66.5
	 
	1175
	45.8
	41.5, 50.2
	 

	Currently working
	2939
	54.3
	51.5, 57.0
	 
	2163
	30.4
	27.8, 33.1
	 

	Employer in current or most recent job
	
	
	
	0.010
	
	
	
	0.591

	Informal
	294
	53.3
	45.2, 61.2
	 
	643
	34.4
	29.3, 39.8
	 

	Self-employed
	3302
	55.8
	53.2, 58.4
	 
	2424
	34.1
	31.2, 37.1
	 

	Public sector
	412
	64.3
	59.1, 69.2
	 
	223
	33.3
	26.3, 41.0
	 

	Private sector
	163
	65.7
	56.6, 73.8
	 
	110
	41.8
	29.1, 55.6
	 

	Wealth quintile 
	
	
	
	<0.001
	
	
	
	<0.001

	Q1 (Poorest)
	875
	42.2
	37.0, 47.6
	 
	966
	26.7
	23.1, 30.6
	 

	Q2
	1003
	53.5
	49.6, 57.4
	 
	870
	35.0
	31.0, 39.2
	 

	Q3
	943
	58.0
	53.8, 62.0
	 
	660
	37.7
	31.2, 44.8
	 

	Q4
	784
	64.3
	59.8, 68.6
	 
	579
	37.0
	32.1, 42.2
	 

	Q5 (Richest)
	649
	69.3
	
	 
	445
	42.3
	35.9, 49.0
	 

	Self-rated health status
	
	
	
	0.077
	
	
	
	<0.001

	Very good or good
	1712
	58.1
	54.7, 61.3
	 
	2138
	31.5
	28.5, 34.6
	 

	Moderate
	1819
	54.6
	51.3, 57.8
	 
	1022
	39.9
	36.1, 43.8
	 

	Poor or very poor
	722
	60.3
	55.6, 64.8
	 
	352
	46.1
	39.2, 53.2
	 

	Difficulty moving around past 30 days
	
	
	
	<0.001
	
	
	
	<0.001

	Nil or mild difficulty
	3206
	55.0
	52.3, 57.6
	 
	2832
	33.0
	30.3, 35.9
	 

	Moderate difficulty
	740
	62.1
	58.1, 66.0
	 
	452
	39.9
	33.7, 46.5
	 

	Severe difficulty or can't move
	306
	65.4
	58.9, 71.3
	 
	228
	52.1
	43.5, 60.7
	 

	Difficulty with daily living activities
	
	
	
	0.307
	
	
	
	0.003

	Nil
	785
	59.5
	54.7, 64.1
	 
	1350
	33.6
	29.8, 37.7
	 

	Mild to mod difficulty
	2754
	56.0
	53.4, 58.6
	 
	1869
	34.6
	31.2, 38.2
	 

	Severe disability/inability
	705
	57.8
	53.4, 62.1
	 
	286
	48.9
	42.7, 55.2
	 

	OPD visits over the past 12 months
	
	
	
	<0.001
	
	
	
	0.465

	once/year or less
	2413
	55.7
	52.8, 58.6
	 
	1745
	36.0
	32.1, 40.1
	 

	>once/year
	1497
	62.6
	59.5, 65.6
	 
	739
	38.1
	33.7, 42.8
	 

	Physical activity level
	
	
	
	<0.001
	
	
	
	<0.001

	Low physical activity
	1048
	63.0
	59.2, 66.7
	 
	1349
	41.0
	37.5, 44.7
	 

	Moderate physical activity
	1481
	53.3
	50.1, 56.5
	 
	1351
	33.0
	28.8, 37.5
	 

	High physical activity
	1725
	56.3
	52.7, 59.7
	 
	820
	28.2
	23.7, 33.2
	 

	BMI category
	
	
	
	<0.001
	
	
	
	<0.001

	Underweight
	629
	41.4
	36.0, 47.1
	 
	427
	30.2
	25.0, 35.9
	 

	Normal weight
	2337
	53.3
	50.5, 56.1
	 
	1840
	29.9
	26.7, 33.3
	 

	Overweight
	785
	69.0
	64.9, 72.8
	 
	679
	41.5
	36.5, 46.7
	 

	Obese
	401
	73.3
	68.5, 77.6
	 
	378
	44.0
	37.7, 50.5
	 

	Waist circumference 
	
	
	
	<0.001
	
	
	
	<0.001

	<80 cm
	1600
	47.7
	44.1, 51.3
	 
	1085
	27.3
	23.6, 31.2
	 

	>=80 to <90 cm
	1335
	55.3
	51.3, 59.3
	 
	1140
	32.4
	28.9, 36.1
	 

	>=90 cm
	1226
	68.7
	65.4, 71.9
	 
	1129
	42.3
	37.5, 47.2
	 

	Hip circumference
	
	
	
	<0.001
	
	
	
	<0.001

	<90 cm
	1980
	48.0
	44.9, 51.1
	 
	1355
	29.2
	26.2, 32.4
	 

	>=90 to <100 cm
	1278
	59.3
	55.4, 63.1
	 
	1097
	35.5
	30.9, 40.4
	 

	>=100 cm
	902
	70.4
	66.9, 73.7
	 
	824
	41.8
	37.4, 46.3
	 

	
	
	
	
	 
	
	
	
	 

	WHR category
	
	
	
	<0.001
	
	
	
	0.202

	Normal WHR
	955
	50.5
	46.3, 54.8
	 
	715
	32.0
	27.3, 37.1
	 

	Abnormal WHR>0.85W / >0.90M
	3203
	58.3
	55.7, 60.9
	 
	2553
	35.9
	32.8, 39.1
	 

	
	
	
	
	 
	
	
	
	 

	Smoke behaviour
	
	
	
	<0.001
	
	
	
	0.143

	Never smoker
	3148
	58.2
	55.7, 60.7
	 
	3261
	34.1
	31.8, 36.5
	 

	Former smoker
	568
	59.6
	54.5, 64.5
	 
	106
	53.1
	35.6, 70.0
	 

	Current smoker
	524
	45.1
	39.4, 50.8
	 
	143
	39.1
	21.7, 59.8
	 

	Alcohol consumption
	
	
	
	0.032
	
	
	
	0.032

	Lifetime abstainer
	1762
	59.7
	56.5, 62.8
	 
	2456
	34.7
	32.2, 37.3
	 

	Non-heavy drinker
	2398
	54.9
	52.0, 57.8
	 
	1005
	36.8
	32.0, 41.8
	 

	Heavy drinker
	85
	55.6
	44.3, 66.4
	 
	49
	13.5
	7.02, 24.4
	 

	Daily fruit/veg serving
	
	
	
	0.009
	
	
	
	0.051

	>=5 daily fruit-veg serving
	1278
	60.7
	57.3, 63.9
	 
	1596
	37.9
	33.6, 42.5
	 

	<5 daily fruit-veg servings
	2940
	55.4
	52.6, 58.2
	 
	1749
	32.4
	29.3, 35.6
	 



BMI=body mass index; W1=Wave 1; W2=Wave 2; WHR=waist-to-hip ratio


[bookmark: _Toc51472131]5.3.2	Distribution of prevalence by various factors in each study wave

The prevalence of hypertension was associated with certain demographic, socioeconomic and lifestyle factors in the two study waves (Table 5.2).  The prevalence was higher among urban residents (than among rural residents), Greater Accra Region (GAR) residents (than among residents of other regions), those not currently working (than among those working), those in richer households (than in poorer households), those with difficulty moving around (than among those with no or little difficulty), low level physical activity (than among those more physically active) and those with higher adiposity measures (than among those with lower adiposity measures).  The differences in the prevalence of hypertension between these comparison groups in each study wave were statistically significant.  The prevalence of hypertension increased with increasing BMI, hip, waist circumference and wealth quintile within each study wave.
The widest disparities in prevalence were observed with the highest and lowest categories in geographical residence (urban-rural, administrative region), wealth quintiles and obesity-related measures (BMI, waist and hip circumference).  It was 1.7-2.2 times as high among GAR residents as among residents in the Northern regions.  Similarly, it was 1.4-1.6 times as high in obese subjects as in those with normal BMI.
There were inconsistent patterns.  In terms of alcohol consumption, the highest prevalence of hypertension was among lifetime alcohol abstainers in W1 compared to moderate drinkers in W2.  Several variables – sex, ethnicity, marital status, educational level, type of most recent or current job, religion, frequency of outpatient visits in the past year, smoking status and daily fruit/vegetable consumption were significantly related to hypertension in W1 but not in W2.

[bookmark: _Toc51472132]5.4	Prevalence of grades of hypertension 

In the weighted W1 sample, 45.4% had normal BP, 24.7% - mild (grade 1) hypertension, 16.0% - moderate (grade 2) hypertension and 13.9% severe (grade 3) hypertension (Table 5.3).  Among the W1 adults with hypertension on BP measurement, 25.4% severe hypertension.

[bookmark: _Toc71153631]Table 5.3:	Weighted prevalence of the grades of hypertension in each study wave
	Characteristic
	Normal BP
	Grade 1 (mild) BP 140–159 / 90–99 mm Hg
	Grade 2 (mod) BP 160–179 / 100–109 mm Hg
	Grade 3 (severe) BP ≥ 180/110 mm Hg
	Total

	Wave 1

	Total sample
	1956
	1028
	677
	584
	4245

	% with different grades of hypertension
	45.4
	24.7
	16.0
	13.9
	100.0

	Among those with hypertension (n=2289)
	
	
	
	
	

	% with different grades
	0.0
	45.3
	29.3
	25.4
	100.0

	Wave 2 

	Total sample
	2330
	764
	285
	140
	3519

	% with different grades of hypertension
	65.7
	22.0
	8.0
	4.3
	100.0

	Among those with hypertension (n=1189)
	
	
	
	
	

	% with different grades of hypertension
	0.0
	64.3
	23.2
	12.5
	100.0



In the W2 sample, 65.7% had normal BP, 22.0% - mild hypertension, 8.0% - moderate hypertension and 4.3% severe hypertension.  Among W2 participants with hypertension, 12.5% had severe hypertension.

[bookmark: _Toc51472133]5.5	Determinants of Hypertension
[bookmark: _Toc51472134]5.5.1	Univariable analysis 

The relationship between individual covariates and hypertension was assessed separately in a logistic regression model for each study wave and crude ORs obtained.  There were 4,254 and 3,520 participants with complete and plausible BP readings in study W1 and W2 respectively (Table 5.4).  
Variables such as geographic residence in urban areas and in the GAR, living in the richest wealth quintile (Q5) households, being overweight / obese, or having WC ≥90cm or HC ≥100cm were significantly and positively associated with having hypertension in both study waves in the univariable models (Table 5.4).  Several variables including female sex, residence in other administrative regions, practising region other than Christianity or Islam, recent or current employment in the public or private sector, or having attained primary or higher education were all significantly associated with hypertension in W1 but not in W2.  In both study waves, subjects who had worked for two or more days in the past seven days had statistically significant lower odds of having hypertension than those not currently working.


[bookmark: _Toc71153632]Table 5.4:	Univariable and multivariable (single and multilevel) logistic regression analysis of determinants of hypertension in study Waves 1 and 2

	Variable
	Univariable
	Single level Multivariable
	Multilevel (3-level) multivariable

	
	Wave 1, OR (95% CI)
	Wave 2, OR (95% CI)
	Wave 1, OR (95% CI)
	Wave 2, OR (95% CI)
	Wave 1, OR (95% CI)
	Wave 2 (all), OR (95% CI)

	Sex of respondent
	 
	
	 
	
	
	

	Males
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Females
	1.23 (1.06-1.43)**
	1.10 (0.92-1.32)
	0.99 (0.80-1.22)
	0.83 (0.63-1.10)
	0.94 (0.77-1.15)
	0.9 (0.70-1.16)

	Age groups
	 
	
	 
	
	
	

	50 - 64
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	65 - 74
	1.13 (0.95-1.35)
	1.67*** (1.27-2.19)
	1.14 (0.94-1.38)
	1.53*** (1.21-1.93)
	1.1 (0.91-1.31)
	1.64*** (1.28-2.09)

	75-plus
	0.94 (0.77-1.14)
	1.58*** (1.24-2.02)
	0.96 (0.75-1.22)
	1.40* (1.05-1.88)
	0.92 (0.73-1.16)
	1.44* (1.07-1.94)

	Type of residence
	 
	
	 
	
	
	

	Rural
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Urban
	1.78*** (1.47-2.17)
	1.84*** (1.48-2.30)
	1.19 (0.98-1.45)
	1.29 (0.99-1.69)
	1.27 (0.98-1.64)
	1.11 (0.84-1.45)

	Regional Groups
	 
	
	 
	
	
	

	Northern regions
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Other regions
	2.11*** (1.55-2.87)
	1.22 (0.97-1.53)
	1.96*** (1.46-2.63)
	1.11 (0.76-1.62)
	2.10*** (1.44-3.08)
	1.21 (0.81-1.81)

	Greater Accra Region
	3.07*** (2.16-4.36)
	3.54*** (2.19-5.75)
	1.96*** (1.32-2.92)
	2.56*** (1.47-4.48)
	2.27** (1.36-3.78)
	3.06*** (1.72-5.45)

	Marital status 
	 
	
	 
	
	
	

	Currently married or cohabiting
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Previously or never married
	1.25** (1.08-1.46)
	1.48*** (1.21-1.81)
	1.18 (0.97-1.44)
	1.57*** (1.25-1.96)
	1.27* (1.05-1.54)
	1.64*** (1.31-2.06)

	Ethnicity
	 
	
	 
	
	
	

	Northern groups
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Akan
	0.86 (0.65-1.15)
	1.06 (0.85-1.32)
	0.92 (0.69-1.22)
	1.17 (0.84-1.65)
	0.95 (0.70-1.29)
	1.1 (0.79-1.54)

	Ga-Adangme
	0.79 (0.54-1.15)
	1.40* (1.01-1.93)
	0.8 (0.57-1.13)
	1.29 (0.85-1.95)
	0.8 (0.57-1.13)
	1.13 (0.74-1.71)

	Others
	0.51*** (0.37-0.69)
	2.04* (1.19-3.50)
	0.71* (0.53-0.95)
	1.3 (0.83-2.03)
	0.74* (0.55-1.00)
	1.06 (0.70-1.59)

	Religious group
	 
	
	 
	
	
	

	Christian
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Islam
	0.92 (0.70-1.20)
	1.16 (0.91-1.49)
	1.24 (0.93-1.65)
	1.60** (1.14-2.24)
	1.07 (0.81-1.42)
	1.40* (1.01-1.95)

	Others
	0.59*** (0.46-0.74)
	0.93 (0.65-1.33)
	1.06 (0.83-1.36)
	1.36 (0.93-2.01)
	1.06 (0.83-1.35)
	1.3 (0.89-1.89)

	Educational level
	 
	
	 
	
	
	

	Nil
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Primary or less
	1.28** (1.06-1.54)
	1.25 (0.93-1.66)
	0.99 (0.80-1.22)
	1.27 (0.96-1.68)
	0.91 (0.74-1.12)
	1.07 (0.82-1.40)

	Secondary or higher
	1.30** (1.09-1.56)
	1.05 (0.83-1.31)
	0.88 (0.69-1.12)
	1.04 (0.75-1.43)
	0.75* (0.59-0.94)
	1.11 (0.82-1.49)

	Employer in current or most recent job
	 
	
	 
	
	
	

	Informal
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Self-employed
	1.11 (0.79-1.55)
	0.99 (0.75-1.30)
	0.95 (0.71-1.26)
	1.07 (0.82-1.38)
	0.91 (0.66-1.25)
	0.99 (0.77-1.28)

	Public sector
	1.58* (1.08-2.31)
	0.95 (0.64-1.41)
	1.14 (0.77-1.70)
	0.75 (0.43-1.30)
	1.11 (0.74-1.67)
	0.86 (0.54-1.36)

	Private sector
	1.68* (1.05-2.69)
	1.37 (0.74-2.54)
	1.41 (0.87-2.28)
	0.97 (0.51-1.84)
	1.31 (0.80-2.16)
	1.02 (0.57-1.83)

	Work history past 7 days
	 
	
	 
	
	
	

	Not currently working
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Currently working
	0.69*** (0.59-0.82)
	0.52*** (0.43-0.62)
	0.71*** (0.58-0.87)
	0.72* (0.56-0.92)
	0.72*** (0.59-0.87)
	0.71** (0.56-0.90)

	Wealth quintile 
	 
	
	 
	
	
	

	Q1 Poorest
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Q2 Poor
	1.58*** (1.23-2.02)
	1.48** (1.15-1.89)
	0.99 (0.76-1.28)
	1.07 (0.78-1.45)
	1.12 (0.87-1.45)
	0.87 (0.65-1.17)

	Q3 Mod poor
	1.88*** (1.46-2.44)
	1.67** (1.16-2.39)
	1.09 (0.82-1.44)
	1.2 (0.84-1.73)
	1.18 (0.88-1.57)
	0.97 (0.69-1.37)

	Q4 Rich
	2.46*** (1.85-3.27)
	1.61** (1.20-2.17)
	1.11 (0.81-1.52)
	0.97 (0.65-1.44)
	1.14 (0.83-1.58)
	0.91 (0.62-1.34)

	Q5 Richest
	3.09*** (2.82-4.19)
	2.01*** (1.44-2.82)
	1.16 (0.79-1.69)
	0.9 (0.55-1.47)
	1.35 (0.91-2.00)
	0.92 (0.58-1.44)

	Physical activity level
	 
	
	 
	
	
	

	Low physical activity
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Moderate physical activity
	0.67*** (0.56-0.80)
	0.71** (0.57-0.88)
	0.91 (0.73-1.13)
	0.95 (0.74-1.22)
	0.99 (0.81-1.23)
	0.86 (0.68-1.08)

	High physical activity
	0.76** (0.61-0.93)
	0.56*** (0.42-0.75)
	1.34* (1.07-1.67)
	0.79 (0.57-1.08)
	1.30* (1.03-1.64)
	0.71* (0.53-0.94)

	BMI category
	 
	
	 
	
	
	

	Underweight
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Normal weight
	1.61*** (1.27-2.04)
	0.99 (0.73-1.33)
	1.52*** (1.20-1.94)
	0.95 (0.70-1.30)
	1.49*** (1.18-1.88)
	0.98 (0.72-1.33)

	Overweight
	3.14*** (2.38-4.15)
	1.64** (1.18-2.28)
	2.65*** (1.91-3.67)
	1.34 (0.86-2.08)
	2.21*** (1.59-3.09)
	1.26 (0.85-1.89)

	Obese
	3.88*** (2.82-5.32)
	1.82** (1.27-2.60)
	3.02*** (1.98-4.59)
	1.16 (0.69-1.94)
	2.78*** (1.83-4.23)
	1.28 (0.80-2.07)

	Waist circumference 
	 
	
	 
	
	
	

	<80 cm
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=80 to <90 cm
	1.36** (1.12-1.65)
	1.28 (0.99-1.66)
	0.98 (0.79-1.22)
	1.18 (0.85-1.62)
	1.04 (0.84-1.29)
	1.2 (0.91-1.59)

	>=90 cm
	2.41*** (1.98-2.94)
	1.95*** (1.51-2.53)
	1.04 (0.75-1.44)
	1.33 (0.85-2.09)
	1.23 (0.89-1.70)
	1.39 (0.95-2.04)

	Hip circumference
	 
	
	 
	
	
	

	<90 cm
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=90 to <100 cm
	1.58*** (1.32-1.88)
	1.34* (1.05-1.69)
	1.17 (0.93-1.47)
	1.13 (0.83-1.54)
	1.16 (0.93-1.45)
	1.08 (0.83-1.42)

	>=100 cm
	2.58*** (2.13-3.12)
	1.74*** (1.37-2.20)
	1.12 (0.78-1.63)
	1.07 (0.67-1.70)
	1.07 (0.75-1.54)
	0.98 (0.66-1.46)

	Smoke behaviour
	 
	
	 
	
	
	

	Never smoker
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Former smoker
	1.06 (0.85-1.31)
	2.19* (1.04-4.59)
	1.11 (0.86-1.42)
	1.63 (0.83-3.18)
	1.12 (0.89-1.42)
	1.51 (0.88-2.60)

	Current smoker
	0.59*** (0.46-0.74)
	1.24 (0.53-2.90)
	1 (0.78-1.28)
	1.29 (0.71-2.34)
	1.07 (0.82-1.38)
	1.09 (0.66-1.81)

	Alcohol consumption
	 
	
	 
	
	
	

	Lifetime abstainer
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Non-heavy drinker
	0.82* (0.71-0.96)
	1.10 (0.88-1.36)
	0.93 (0.78-1.12)
	1.1 (0.84-1.44)
	1.02 (0.86-1.22)
	1.15 (0.91-1.46)

	Heavy drinker
	0.84 (0.53-1.35)
	0.29** (0.14-0.62)
	1.06 (0.61-1.85)
	0.31* (0.12-0.78)
	1.09 (0.64-1.86)
	0.47 (0.19-1.19)

	Daily fruit/veg serving
	 
	
	 
	
	
	

	>=5 daily fruit-veg serving
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	<5 daily fruit-veg servings
	0.81** (0.69-0.95)
	0.78 (0.61-1.00)
	0.95 (0.80-1.13)
	0.80* (0.65-0.99)
	1.06 (0.90-1.26)
	0.81* (0.67-0.99)




[bookmark: _Toc51472135]5.5.2	Single level multivariable analysis 
5.5.2.1	Model build up 

In the model build up, demographic, socioeconomic and lifestyle covariates were incrementally added to the model with binary hypertension as the outcome in each study wave (Appendix 8 Table A7).  Model 1 had only the demographic covariates; Model 2 had socioeconomic covariates added to the Model 1 while Model 3, the most comprehensive model, had lifestyle covariates added to the Model 2. 
In each study wave, the AIC and BIC criteria values were lowest in Model 3, indicating that it was the optimal model.  For example, the AIC values for Models 1 and 3 in W1 were 3,654,012 and 3,305,987 respectively (Appendix 8 Table A7).
The likelihood ratio (LR) tests comparing a fuller model with a restricted model suggested that the former consistently provided a better fit to the model in each study wave.  For example, the LR test comparing Model 2 with Model 1 in W1 yielded a chi-squared statistic of 36.63, p<0.001 while that comparing Model 3 with Model 2 yielded χ2 = 112.1, p<0.001, thus confirming Model 3 as the optimal model with the best fit to the observed data.  Similarly, in W2, Model 3 was the optimal model with χ2 = 54.58, p<0.001 when compared with Model 1 which had provided a better fit than Model 2.  
The same set of covariates were included in the models for each study wave.  However, in W2, an additional variable was included to adjust for the participation of some of the subjects in W1.  The results showed that previous participation of W2 participants in W1 was not significantly associated with hypertension (Appendix 8 Table A8).  The likelihood ratio test comparing the model with the repeat participation and the model without this variable was not statistically significant (χ2 = 0.03, p = 0.86).  Since the larger model did not produce a superior fit to the data better, the smaller model (without the repeat participation variable) was retained in all the W2 analyses.  

5.5.2.2	Determinants of hypertension in the single-level multivariable analysis 

In the multivariable analysis, GAR residents in either study wave, had 2.0-2.6 times the odds of having hypertension as residents of the northern regions, after controlling for the covariates in the model (Table 5.4).  Further, overweight/obese subjects in W1 had two-to-three times the odds of hypertension as those underweight.  Thus, residence in GAR was the strongest predictor of hypertension in both study waves.  
Variables such as female sex, urban residence, being previously or having never married, other religion, having reached primary or higher-level education, being recently employed in the public or private sector, higher wealth quintiles, large WC or HC and moderate alcohol intake lost their statistically significant univariable association with hypertension in the multivariable analysis of W1, an indication of the presence of confounding in the crude analysis.  Similarly, belonging to other ethnicity, higher wealth quintiles, moderate or high physical activity, overweight/obesity, large waist or hip size and being in the crude analysis lost their statistical significance in the multivariable analysis of W2.  High level physical activity which was protective in the crude analysis of W1 unexpectedly predicted higher odds of hypertension in the adjusted analysis.
Overall, urban residence, GAR residence, previously or never married and adiposity predicted higher odds of hypertension while other ethnicity, current work, heavy alcohol consumption and inadequate fruit and vegetable intake were protective in one or the other study wave.  

5.5.2.3	Model fit diagnostics

The goodness-of-fit test for the logistic model yielded and F-statistic value of 0.35 and an associated p value of 0.96 in the W1.  The corresponding values in the W2 sample were similar at 0.37 and 0.95.  These values (p>0.05) suggest that the models were correctly specified and that they provide a good fit to the data. 
The VIFs were estimated to assess if two or more of the predictor variables in each model were highly correlated.  In W1, the VIFs of the explanatory variables ranged from 1.10 to 3.37, with a mean of 1.66.  For W2, they ranged from 1.04 to 2.77, with a mean of 1.54.  Thus, the mean VIFs were far below the traditional threshold of 10, suggesting multicollinearity was not a major concern.
Stata’s linktest results yielded a linear predicted value squared (_hatsq) of 0.094 and 0.334 in the W1 and W2 respectively (Appendix 8 Table A9).  This suggests that the models were likely to have been properly specified.   

[bookmark: _Toc51472136]5.5.3	Multilevel multivariable analysis 

There were 3,873 older adults clustered in 3,656 different households included in the W1 model, giving a mean of 1.1 subjects per household.  In W2, 2,869 subjects living in 2,393 households, or 1.2 subjects per household were included in the model.  
In the three-level model, the grouping effect of the household level (Level 2) and the enumeration area (the smallest geographical unit demarcated for national census; Level 3) were considered with individuals at Level 1.  In W1, the 3,656 households (represented by hhid variable) were, in turn, nested in 235 EAs (represented by the q0101b variable).  Thus, each EA had a mean of 16.5 older adults.  In W2, there were 3,520 individuals living in 2,393 households were, in turn, nested in 213 EAs, with each EA having a mean of 13.5 older adults.  
Since it had been determined from the model build-up in section 5.52 that the model with the full set of demographic, socio-economic and lifestyle covariates was the optimal model in each wave, these covariates were included in the multilevel models.  The likelihood ratio test to assess the effect of grouping variable, the household ID, was performed by comparing the log likelihood of single level standard logistic regression with that of the two-level logistic regression model.  The tests yielded chi-square statistics of 0.99 (p = 0.16) and 7.87 (p <0.01) for W1 and W2 respectively (Table 5.5).  These results justify the use of the multilevel model as compared to the logistic regression in which the clustering at the household level was ignored for W2 but not for W1.  

[bookmark: _Toc71153633]Table 5.5:	Selection criteria for single-, two- and three-level multilevel logistic regression analysis of determinants of hypertension in study Waves 1 and 2
	Model
	Obs
	ll(null)
	ll(model)
	df
	AIC
	BIC
	LR test vs. logistic model

	
	
	
	
	
	
	
	chi-squared 
	p value

	Wave 1 

	1-Level
	3,873
	-2,656
	-2,483.4
	37
	5,040.8
	5,272.5
	 
	 

	2-Level
	3,873
	.
	-2,482.9
	38
	5,041.8
	5,279.8
	0.99
	0.1601

	3-Level
	3,873
	.
	-2,451.0
	39
	4,979.9
	5,224.1
	64.88
	0.0

	Wave 2 

	1-Level
	2,869
	-1,841
	-1,743.2
	37
	3,560.3
	3,780.9
	 
	 

	2-Level
	2,869
	.
	-1,739.2
	38
	3,554.5
	3,781.0
	7.87
	0.0025

	3-Level
	2,869
	.
	-1,735
	39
	3,547.8
	3,780.3
	16.52
	0.0003


AIC=Akaike Information Criteria; BIC = Bayesian Information Criteria; df [ degrees of freedom; ll=log likelihood; LR = likelihood ratio; obs=no. of observations

The three-level model showed a superior fit to the single level logistic model in W1, as evidenced by a chi-squared statistic of 64.88 with associated p value <0.001.  For W2, having established that the two-level model was a better model than the single level one, this was compared with the three-level model.  The likelihood ratio test yielded a chi-squared statistic of 8.65 with a p value <0.005.  In both study waves, the AIC and BIC values were lowest in the three-level model, thereby confirming it as the model providing the best fit to the data.  The analyses of the covariates for both waves are therefore based on the three-level model (Table 5.4).
As in the univariable and the single level multivariable analyses, residence in GAR and having previously married or having never married were consistent positive predictors of hypertension with odds ratios of 2.27-3.06 and 1.27-1.64 respectively in both study waves.  On the other hand, having worked in the past seven days was associated with lower odds of hypertension in both waves.  
Older age, residence in other regions, being Muslim, being overweight/obese, and having higher WC were independently associated with higher odds of hypertension in one or the other wave in the three-level model.  The relationship between BMI category and hypertension in W1 followed a dose-response gradient, with the odds of hypertension increasing with increasing BMI status.  Having attained secondary school education and consuming inadequate number of fruit and vegetable servings daily were negative predictors in one or the other wave in the three-level regression analyses.  Unlike the single level model, heavy alcohol use was not associated with hypertension.  As in the previous models, engaging in high-level physical activity had opposite relationship with hypertension in the two waves, being a positive predictor in W1 and a negative predictor in W2.   
The ICCs showed that 13.2% and 21.6% of the variation in the prevalence of hypertension in W1 and W2 respectively were explained by differences between households and EAs.  Between-household differences accounted for 4.4% and 17.8% of the total variation in the prevalence of hypertension in the respective waves. 

[bookmark: _Toc51472137]5.5.4	Longitudinal data analyses using random effects model

The random effects model with the explanatory variables included 6,742 subjects clustered into 5,347 groups, with a mean of 1.3 subjects per group.  Each individual could occur up to two times in the pooled dataset of the two study waves. The grouping variable, which was the groups of the individuals, constituted Level 1 while the single individuals constituted Level 2.  Each group was made up of two repeated observations on the same individual.
A three-level mixed effects random intercept model included a total of 6,742 subjects clustered in 5,347 groups (Level 1) residing in 4,543 households (Level 3).  Each individual had between one or two measurements over the two waves.  The number of subjects in each household ranged from one to eight.  
As with the multilevel analysis, the fit of the two longitudinal data models was compared using the likelihood ratio test and the AIC/BIC values.  The likelihood ratio test chi-squared statistic of 3.39 (p = 0.066) confirmed the two-level model (without household nesting) as providing a better fit to the data than the three-level model.  The AIC/BIC Information criteria values were similar between the two-level (8552.3/8818.2) and three-level (8550.9/8823.5) models.  Thus, the parameter estimates for the covariates are discussed for the two-level model without the household grouping (Table 5.6).  Nonetheless, they were similar in magnitude and direction between the two-level and three-level models.  
From the intra-class correlation coefficient, 35.3% of the prevalence of hypertension estimations in the same individual in the two waves were correlated, after taking the covariates included the model into account.  
The major variables that were significantly associated with hypertension in the longitudinal data analyses were residence in the GAR and overweight/obesity with adjusted odds ratios of 2.2-2.9 (Table 5.6).  Other positive predictors of hypertension were older age group, urban residence, not being currently married, and being a Muslim.  As in the previous models, a history of having worked for at least two days in the past seven days, was associated with lower odds of having hypertension.  Other negative predictors of hypertension were belonging to other ethnicities and participating in the second wave of the study.  Participating in study Wave 2 was associated with 72%-lower odds of hypertension than the odds associated with participating in Wave 1, after taking into account the co-variates in the model.  Variables such as wealth quintiles, smoking, alcohol consumption and fruit intake were not significantly associated with hypertension over time in the model.

[bookmark: _Toc71153634]Table 5.6:	 Mixed effects longitudinal analyses of determinants of hypertension over the period of study waves 1 and 2, 2007-2015
	Variable
	OR (95% CI)

	Sex of respondent
	

	Males
	1 (1.00-1.00)

	Females
	0.88 (0.73-1.06)

	Age groups
	

	50 - 64
	1 (1.00-1.00)

	65 - 74
	1.35*** (1.14-1.60)

	75-plus
	1.24 (1.00-1.55)

	Type of residence
	

	Rural
	1 (1.00-1.00)

	Urban
	1.23* (1.03-1.47)

	Regional Groups
	

	Northern regions
	1 (1.00-1.00)

	Other regions
	1.77*** (1.35-2.31)

	Greater Accra Region
	2.97*** (2.06-4.28)

	Marital status 
	

	Currently married or cohabiting
	1 (1.00-1.00)

	Previously or never married
	1.51*** (1.28-1.79)

	Ethnicity
	

	Northern groups
	1 (1.00-1.00)

	Akan
	0.98 (0.77-1.23)

	Ga-Adangme
	0.84 (0.63-1.13)

	Others
	0.73** (0.58-0.92)

	Religious group
	

	Christian
	1 (1.00-1.00)

	Islam
	1.34* (1.06-1.70)

	Others
	1.09 (0.86-1.38)

	Educational level
	

	Nil
	1 (1.00-1.00)

	Primary or less
	1 (0.83-1.21)

	Secondary or higher
	0.86 (0.69-1.06)

	Employer in current or most recent job
	

	Informal
	1 (1.00-1.00)

	Self-employed
	0.94 (0.76-1.16)

	Public sector
	1.07 (0.77-1.48)

	Private sector
	1.25 (0.82-1.89)

	Work history past 7 days
	

	Not currently working
	1 (1.00-1.00)

	Currently working
	0.70*** (0.59-0.83)

	Wealth quintile 
	

	Q1 Poorest
	1 (1.00-1.00)

	Q2 Poor
	1.03 (0.83-1.28)

	Q3 Mod poor
	1.19 (0.94-1.52)

	Q4 Rich
	1.09 (0.83-1.43)

	Q5 Richest
	1.19 (0.86-1.65)

	Physical activity level
	

	Low physical activity
	1 (1.00-1.00)

	Moderate physical activity
	0.84* (0.70-1.00)

	High physical activity
	1.06 (0.87-1.28)

	BMI category
	

	Underweight
	1 (1.00-1.00)

	Normal weight
	1.36** (1.10-1.69)

	Overweight
	2.24*** (1.67-3.00)

	Obese
	2.53*** (1.78-3.61)

	Waist circumference 
	

	<80 cm
	1 (1.00-1.00)

	>=80 to <90 cm
	1.07 (0.88-1.30)

	>=90 cm
	1.27 (0.95-1.68)

	Hip circumference
	

	<90 cm
	1 (1.00-1.00)

	>=90 to <100 cm
	1.14 (0.93-1.39)

	>=100 cm
	0.99 (0.73-1.35)

	Smoke behaviour
	

	Never smoker
	1 (1.00-1.00)

	Former smoker
	1.25 (0.98-1.61)

	Current smoker
	0.91 (0.70-1.19)

	Alcohol consumption
	

	Lifetime abstainer
	1 (1.00-1.00)

	Non-heavy drinker
	1.04 (0.89-1.23)

	Heavy drinker
	0.78 (0.47-1.31)

	Daily fruit/veg serving
	

	>=5 daily fruit-veg serving
	1 (1.00-1.00)

	<5 daily fruit-veg servings
	0.89 (0.77-1.03)

	Occasion
	

	Wave 1
	1 (1.00-1.00)

	Wave 2
	0.28*** (0.23-0.33)

	/
	

	var(_cons[idn])
	6.03*** (3.28-11.08)



When the clustered structure of the data is ignored and analysed as a fixed effects model involving 6,742 independent observations, the effect size of both the positive and negative predictors were attenuated (Appendix 9 Table A10).  The standard errors around the odds ratios were lower than those in random effects model.  The AIC/BIC values for the random effects model (8552.27 / 8818.1) were lower than those for the fixed effects model (8629.91 / 8888.9), suggesting that the random effects model provided a better fit to the data.  The likelihood ratio tests comparing the two models yielded a chi-squared statistic of 79.6, p<0.001, confirming the random effects model as the superior one.

[bookmark: _Toc51472138]5.6	Determinants of the grades of hypertension
[bookmark: _Toc51472139]5.6.1	Proportional odds assumption

The prevalence of the different grades of hypertension was presented in section 5.4.  The grades of hypertension served as the response variable in an ordinal logistic regression model in which the same demographic, socioeconomic and lifestyle variables as in the previous models served as explanatory variables.
The determinants were assessed in a single level and multilevel multivariable ordinal logit analyses.  The last two of the four ordered categories of hypertension, Grade 2 and 3 (moderate and severe hypertension) were merged owing to small numbers to yield a combined prevalence of about 10%-11% in the study waves.  In the ordinal logistic regression, the proportional odds assumption which holds that the beta coefficients or odds ratios should be the same (differing only in the intercepts) when one category of the outcome variable is compared with all the higher categories, was respected.  As shown in Appendix 10 Table A11, the assumption was violated even after merging different categories of the response variable.  
As explained in section 4.8.2, the data were therefore fitted using a single level generalized ordered logit model (gologit2 with the autofit option in Stata) in which the parallel lines constraints of only the variables violating the proportional odds assumption were relaxed.  The Wald test chi-squared statistics of 29.70, 38.51 and 22.31 yielded p values of 0.58 and 0.27 respectively in the single level full models with explanatory variables in W1 and W2 showing that the proportional odds assumption or parallel lines assumption was met.  Thus, the odds ratio comparing the one level with the next lower level(s) of hypertension are the same, meaning the odds ratio comparing moderate-severe hypertension versus normal and mild hypertension is the same as that comparing mild hypertension and higher grade of hypertension versus normal BP.

[bookmark: _Toc51472140]5.6.2	Model fit in ordinal logistic regression

The two-level multivariable model grouped household level membership as level 2 and the individuals as Level 1.  In the three-level model, the individuals (level 1) were nested in households (level 2) which, in turn, were nested in EAs (level 3).  The two-level with the full set of explanatory variables included 3,868 subjects in 3,651 households or 1.1 subjects per household in W1 and 2,868 subjects in 2,392 or 1.2 subjects per household in W2.  In the three-level model, there were 16.5 subjects per EA in the 235 EAs in W1 and 13.5 subjects per EA in the 213 EAs in W2.  
The likelihood ratio test comparing the two-level with the single level ordinal model was not statistically significant in W1 (chi2 =1.54, p=0.108) but was significant in W2 (chi2 = 4.42, p=0.018).  The AIC/BIC values were lowest for the three-level ordinal model in W1 (Table 5.7).  The likelihood ratio tests comparing the three-level model with the two-level model for W2 favoured the former as providing a better fit to the data (chi2 = 7.08, p=0.008).  Overall, it would appear that the three-level model, which takes account of the nested data structure at the household and enumeration area levels rather than ignore them, was the best fitting model for both W1 and W2.  Accordingly, the determinants of hypertension were derived from this model.

[bookmark: _Toc71153635]Table 5.7:	Selection criteria for single, two- and three-level multilevel ordinal logistic regression analysis of determinants of hypertension in study Waves 1 and 2
	Model
	Obs
	ll(null)
	ll(model)
	df
	AIC
	BIC
	LR test vs. ordered logistic model

	
	
	
	
	
	
	
	chi-squared 
	p value

	Wave 1 

	1-Level
	3,868
	-4099.33
	-3931.65
	42
	7,947.29
	8,210.23
	 
	 

	2-Level
	3,868
	.
	-3,945.14
	39
	7,968.28
	8,212.44
	1.54
	0.1076

	3-Level
	3,868
	.
	-3,908.96
	39
	7,897.92
	8,148.34
	 -
	 -

	Wave 2 

	1-Level
	2,868
	-2438.52
	-2343.94
	40
	4,767.88
	5,006.33
	 
	 

	2-Level
	2,868
	.
	-2352.12
	39
	4,782.23
	5,014.73
	4.42
	0.0177

	3-Level
	2,868
	.
	-2348.58
	40
	4,777.15
	5,015.61
	 -
	 -


Key: as in Table 5.5

In the three-level null model, 12.4% and 15.3% of the total variation in hypertension in W1 and W2 respectively was due to unobserved household and enumeration area level factors.  

[bookmark: _Toc51472141]5.6.3	Determinants of normal BP and different grades of hypertension

As in previous models associated with hypertension, the residence in GAR, having never married or having previously been married, were consistently associated with higher grades of hypertension in both waves, holding the other variables in the single and multilevel models constant (Table 5.8).  In contrast, having worked in the past seven days was consistently associated with mild hypertension or normal blood pressure.  Being in the age group 65-74 years, being a Muslim, being overweight/obese or a having a high WC was associated with higher grade of hypertension in one or other study wave.  Having attained secondary or higher education was associated with mild or no hypertension in W1. 
As in the multilevel model, high level physical activity was associated with opposite effects in W1 and in W2, being ‘harmful’ in one and ‘protective’ of higher grades of hypertension in the other.



[bookmark: _Toc71153636]Table 5.8:	 Single and multilevel ordinal logistic regression among study Wave 1 and W2 participants 
	Variable
	Single level Multivariable
	Multilevel (3-level) multivariable

	
	Wave 1, OR (95% CI)
	Wave 2 (all), OR (95% CI)
	Wave 1, OR (95% CI)
	Wave 2 (all), OR (95% CI)

	Sex of respondent
	 
	
	
	

	Males
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Females
	0.89 (0.75-1.05)
	0.91 (0.74-1.13)
	0.85 (0.71-1.03)
	0.9 (0.71-1.15)

	Age groups
	 
	
	
	

	50 - 64
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	65 - 74
	1.03 (0.89-1.20)
	1.44*** (1.19-1.75)
	1 (0.84-1.19)
	1.54*** (1.25-1.91)

	75-plus
	0.9 (0.74-1.09)
	1.27 (1.00-1.61)
	0.85 (0.67-1.06)
	1.32 (0.99-1.76)

	Type of residence
	 
	
	
	

	Rural
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Urban
	1.13 (0.96-1.32)
	1 (0.82-1.22)
	1.15 (0.92-1.45)
	0.99 (0.75-1.30)

	Regional Groups
	 
	
	
	

	Northern regions
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Other regions
	1.78*** (1.38-2.29)
	1.15 (0.85-1.56)
	2.02*** (1.36-3.00)
	1.15 (0.80-1.66)

	Greater Accra Region
	1.84*** (1.32-2.54)
	2.56*** (1.68-3.90)
	2.17*** (1.37-3.41)
	2.24** (1.37-3.65)

	Marital status 
	 
	
	
	

	Currently married or cohabiting
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Previously or never married
	1.26** (1.08-1.47)
	1.51*** (1.26-1.81)
	1.27** (1.08-1.50)
	1.54*** (1.25-1.89)

	Ethnicity
	 
	
	
	

	Northern groups
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Akan
	1.08 (0.86-1.36)
	1.05 (0.81-1.35)
	1.07 (0.82-1.39)
	1.08 (0.78-1.49)

	Ga-Adangme
	0.83 (0.63-1.10)
	1.11 (0.81-1.52)
	0.82 (0.60-1.13)
	1.18 (0.78-1.76)

	Others
	0.84 (0.67-1.06)
	1.04 (0.76-1.43)
	0.85 (0.65-1.11)
	1.04 (0.73-1.48)

	Religious group
	 
	
	
	

	Christian
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Islam
	1.22 (0.98-1.52)
	1.30* (1.01-1.68)
	1.11 (0.84-1.47)
	1.35 (0.96-1.90)

	Others
	1.05 (0.86-1.29)
	1.32 (0.97-1.79)
	1.09 (0.85-1.40)
	1.36 (0.89-2.09)

	Educational level
	 
	
	
	

	Nil
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Primary or less
	0.91 (0.77-1.08)
	1.03 (0.83-1.28)
	0.9 (0.75-1.08)
	1.02 (0.79-1.31)

	Secondary or higher
	0.77** (0.64-0.93)
	1.03 (0.80-1.31)
	0.77* (0.62-0.96)
	1.04 (0.79-1.36)

	Employer in current or most recent job
	 
	
	
	

	Informal
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Self-employed
	0.9 (0.71-1.15)
	0.97 (0.79-1.19)
	0.91 (0.66-1.26)
	0.95 (0.75-1.22)

	Public sector
	0.95 (0.69-1.30)
	0.94 (0.65-1.38)
	0.96 (0.66-1.39)
	0.9 (0.61-1.33)

	Private sector
	1.27 (0.86-1.87)
	0.96 (0.60-1.54)
	1.32 (0.84-2.06)
	0.94 (0.58-1.50)

	Work history past 7 days
	 
	
	
	

	Not currently working
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Currently working
	0.74*** (0.63-0.88)
	0.77** (0.64-0.93)
	0.68*** (0.56-0.81)
	0.74* (0.58-0.93)

	Wealth quintile 
	 
	
	
	

	Q1 Poorest
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Q2 Poor
	1.2 (0.97-1.49)
	0.91 (0.72-1.16)
	1.15 (0.89-1.49)
	0.89 (0.69-1.16)

	Q3 Mod poor
	1.41** (1.12-1.78)
	1.02 (0.78-1.35)
	1.27 (0.96-1.68)
	1.03 (0.73-1.45)

	Q4 Rich
	1.18 (0.91-1.54)
	0.96 (0.70-1.30)
	1.07 (0.79-1.47)
	0.95 (0.65-1.38)

	Q5 Richest
	1.21 (0.88-1.65)
	0.92 (0.64-1.32)
	0.94 (0.66-1.35)
	0.94 (0.60-1.49)

	Physical activity level
	 
	
	
	

	Low physical activity
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Moderate physical activity
	1.05 (0.89-1.25)
	0.84 (0.70-1.01)
	1.07 (0.88-1.31)
	0.84 (0.68-1.02)

	High physical activity
	1.48*** (1.23-1.76)
	0.72** (0.57-0.90)
	1.34* (1.06-1.70)
	0.69** (0.52-0.90)

	BMI category
	 
	
	
	

	Underweight
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Normal weight
	1.37** (1.13-1.66)
	0.97 (0.75-1.26)
	1.39** (1.12-1.73)
	0.97 (0.70-1.34)

	Overweight
	2.21*** (1.71-2.86)
	1.19 (0.85-1.66)
	2.00*** (1.48-2.70)
	1.2 (0.79-1.81)

	Obese
	2.75*** (2.01-3.77)
	1.29 (0.87-1.92)
	2.60*** (1.78-3.80)
	1.28 (0.81-2.03)

	Waist circumference 
	 
	
	
	

	<80 cm
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=80 to <90 cm
	1.02 (0.85-1.22)
	1.15 (0.91-1.45)
	1.08 (0.89-1.32)
	1.18 (0.91-1.55)

	>=90 cm
	1.07 (0.82-1.39)
	1.24 (0.90-1.70)
	1.16 (0.85-1.56)
	1.29 (0.89-1.87)

	Hip circumference
	 
	
	
	

	<90 cm
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=90 to <100 cm
	1.2 (0.99-1.44)
	1.08 (0.86-1.36)
	1.21* (1.00-1.47)
	1.09 (0.85-1.39)

	>=100 cm
	1.11 (0.83-1.48)
	1 (0.71-1.39)
	1.2 (0.89-1.62)
	0.99 (0.67-1.48)

	Smoke behaviour
	 
	
	
	

	Never smoker
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Former smoker
	1.12 (0.93-1.36)
	1.53 (0.98-2.38)
	1.15 (0.94-1.41)
	1.5 (0.93-2.44)

	Current smoker
	1.02 (0.82-1.27)
	1.03 (0.68-1.57)
	1.1 (0.86-1.42)
	1.01 (0.63-1.63)

	Alcohol consumption
	 
	
	
	

	Lifetime abstainer
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Non-heavy drinker
	0.97 (0.84-1.12)
	1.12 (0.93-1.37)
	0.99 (0.85-1.16)
	1.13 (0.89-1.43)

	Heavy drinker
	0.95 (0.62-1.46)
	0.52 (0.23-1.17)
	1.03 (0.68-1.56)
	0.58 (0.21-1.60)

	Daily fruit/veg serving
	 
	
	
	

	>=5 daily fruit-veg serving
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	<5 daily fruit-veg servings
	1.02 (0.88-1.18)
	0.85* (0.72-0.99)
	0.99 (0.84-1.16)
	0.85 (0.71-1.02)

	/
	
	
	
	

	cut1
	
	
	2.43* (1.20-4.92)
	3.15*** (1.83-5.42)

	cut2
	
	
	8.00*** (3.73-17.18)
	15.23*** (8.29-28.00)

	var(_cons(hhid)) for 2-level; var(_cons(q0101b)) for 3-level model
	
	
	1.34*** (1.15-1.56)
	1.12* (1.00-1.25)

	var(_cons(q0101b>hhid))
	 
	 
	1.19 (0.55-2.56)
	1.61 (0.84-3.09)

	Pseudo R2
	0.0409063 
	0.0387854 
	
	

	AIC
	7947.29 
	4767.88 
	7897.91 
	4777.15 

	BIC
	8210.23 
	5006.33 
	8148.33 
	5015.61 

	p
	0 
	0 
	0 
	0 

	Observations
	3868 
	2868 
	3868 
	2868 


Exponentiated coefficients; 95% confidence intervals in brackets
* p < 0.05, ** p < 0.01, *** p < 0.001

Despite the test results mentioned in section 5.6.1, the proportional odds assumption was partially violated for two variables in W1 in the single level generalized ordinal regression analysis, these being residence in administrative region and work history in the past one week.  This resulted in two different odds ratios depending on the levels of the ordered outcome variable being compared.  The adjusted odds of having mild or higher grade of hypertension relative to having normal BP among residents of other regions was 1.78 (95% CI: 1.38-2.29) times that among residents in the northern regions while the adjusted odds of having moderate or severe hypertension relative to having mild hypertension or normal BP was 1.53 (95% CI: 1.16-2.00) times that among the same comparison group of residents.  
Regarding work history, the adjusted odds of having mild or higher grade of hypertension relative to having normal BP among those currently working was 0.74 (95% CI: 0.63-0.88) times that among those not currently working while the adjusted odds of having moderate or severe hypertension relative to having mild hypertension or normal BP was 0.63 (95% CI: 0.53-0.75) among the same comparison groups based on work history.  Thus, while the magnitude of the effect size was different for these two variables, the two values were in the same direction.  Otherwise, the proportional odds assumption was met in all the other regression analyses.

[bookmark: _Toc51472142]5.7	Awareness, detection and control of hypertension

In W1, among 2,409 subjects classified as having hypertension, 23.3% were aware of their condition, 16.7% were on treatment with anti-hypertensive medication in the past two weeks and 4.7% had their BP controlled.  In the weighted analyses, these figures corresponded to 24.1%, 17.6% and 4.8% (Table 5.9).  The weighted proportions improved considerably to 72.8% on treatment in the past two weeks among known people with hypertension and to 23.7% of blood pressure under control among the people with hypertension on treatment whose BP was measured.

[bookmark: _Toc71153637]Table 5.9:	Weighted proportion of awareness, treatment and control of hypertension in study Wave 1 and study W2 participants 
	Description
	Total number in subset screened
	weighted % with attribute

	
	W1
	W2
	W1
	W2

	People with hypertension previously aware of having hypertension
	2409
	878
	24.1
	27.6

	Among all classified as having hypertension, those on treatment in the past two weeks
	2409
	766
	17.6
	11.5

	Among known people with hypertension, those on treatment in the past two weeks
	562
	107
	72.8
	66.7

	Among all classified as having hypertension, those with controlled blood pressure
	2402
	1221
	4.8
	2.3

	Among people with hypertension on treatment, those with controlled blood pressure
	395
	83
	23.7
	31.6



In W2, the weighted prevalence of those with previous diagnosis of hypertension was 27.6%, 11.5% were on treatment and 2.3% had their BP controlled.  As in W1, the figures improved to 66.7% treatment prevalence among known people with hypertension and 31.6% blood pressure control prevalence among people with hypertension who reported taking mediation in the past two weeks.
The analysis of the determinants of the awareness, treatment and control of hypertension was beyond the scope of this study.

[bookmark: _Toc51472143]5.8	Clustering of risk factors

The co-occurrence of seven chronic NCD risk factors was assessed descriptively for each study wave.  These risk factors were low physical activity, obesity, central obesity, current daily tobacco use, heavy alcohol intake, inadequate daily fruit and vegetable intake and hypertension.  The mean number of risk factors per participant in W1 and W2 was 2.5 and 2.2 respectively.  The proportion with no identifiable risk factors was 2.3% and 4.8% respectively (Table 5.10).  The proportion with two or more concurrent risk factors was 83.0% in W1 and 71.4% in W2 participants. 
About 78%/76% of participants in W1/W2 had central obesity, 69%/50% reported inadequate daily fruit and vegetable intake while 57%/35% had hypertension, 33%/40% reported low physical activity, 11%/4% reported current daily tobacco use and 10%/13% were obese.  The least frequent risk factor was heavy alcohol use reported by 2%/1% of W1/W2 study participants.

[bookmark: _Toc71153638]Table 5. 10:	Weighted prevalence of nil, single or multiple chronic NCD risk factors among study W1 and study W2 participants 
	 Number of risk factors 
	Wave 1 %
	Wave 2 %

	0
	2.3
	4.8

	1
	14.7
	23.8

	2
	33.6
	35.0

	3
	31.5
	25.4

	4
	15.4
	9.7

	≥5
	2.5
	1.3

	Total
	100.0
	100.0



[bookmark: _Toc51472144]5.9	Summary

The analyses revealed that 57.0% of the study W1 older adults had hypertension.  In the mixed cohort of study W2, the prevalence was much lower at 35.1%.  Among those with hypertension, 25.4% and 12.5% had severe hypertension in W1 and W2 respectively.  Up to 76% of hypertension in older adults was undiagnosed and less than 5% was controlled.  Clustering of risk factors was common with more than 70% of participants having at least two risk factors in the separate study waves.  
In multilevel analyses, residence in the GAR and having previously married or being never married were consistent positive determinants of hypertension or of its severity while having worked in the past seven days was a negative predictor of hypertension (Table 5.11).  Some of the variation in the prevalence of hypertension in was due to unexplained factors at household and EA levels.  In the longitudinal data analyses, residence in GAR and being overweight/obese were strongly associated with hypertension while participating in the study W2 was associated with the lowest adjusted odds of hypertension.

[bookmark: _Toc71153639]Table 5.11:	Summary of risk factors associated with hypertension or its severity among older adults in different regression models
	Variable
	Single level multivariable 
	3-level multivariable 
	2-level longitudinal data*
	3-level ordinal logistic regression 

	Female sex
	+
	+
	 
	 

	Older age
	+
	+
	+
	+

	GAR
	++
	++
	+
	++

	Other regions
	+
	+
	+
	+

	Urban residence
	+
	 
	+
	 

	Previously married
	+
	++
	+
	++

	Other ethnicity
	-
	-
	-
	 

	Muslim
	+
	+
	+
	 

	Higher education
	 
	-
	 
	-

	Recently working
	--
	--
	-
	--

	Richer wealth quintile
	 NS
	NS 
	NS
	NS 

	Higher physical activity
	+
	+-
	 
	+-

	Overweight / obesity
	+
	+
	+
	+

	Heavy alcohol use
	-
	 
	 
	 

	Inadequate fruit-veg intake
	-
	-
	 
	 


+ = positive predictor in one or other study wave; ++ = positive predictor in both study waves
- = negative predictor in one or other study wave; -- = positive predictor in both study waves
+- = positive predictor in one wave, negative predictor in other study wave; blank = no statistically significant association; NS = not significant
*Note: longitudinal data analysis pooled both study waves	

[bookmark: _Toc51472145]Chapter 6: Discussion

[bookmark: _Toc51472146]6.1	Introduction 

The study involved secondary data analyses of two waves of the WHO-led longitudinal SAGE study in Ghana, the most comprehensive data source currently available on the health of older adults.  It aimed to estimate the prevalence of hypertension and its grades of severity in older adults in Ghana; identify the level of awareness of hypertension among those with the disease, the proportion on treatment, those who have their blood pressure controlled as well as the extent of clustering of chronic disease risk factors.  
The study also assessed the determinants of hypertension as well as its severity through a series of single and multilevel multivariable logistic regression models.  The determinants were assessed separately for each of the two waves and then in a longitudinal data analysis using a pooled dataset.

[bookmark: _Toc51472147]6.2	Prevalence in hypertension in 2007/08 and 2015 

In W1, about 57% of apparently health older adults aged 50 years had hypertension compared with 35% in W2.  The W1 estimate is consistent with that from recent meta-analyses that found that 55.2% of older adults aged ≥55 years (Kaze et al., 2017) and 57.0% of those aged ≥50 years in Africa have hypertension (Bosu et al., 2019b).  In the meta-analysis of studies conducted in Ghana, the pooled prevalence was 44.0%, which lies between the prevalence in the two SAGE study waves (Bosu et al., 2019b).  The W2 estimate (35.1%) is consistent with the estimates of hypertension in younger adults in Africa (Adeloye & Basquill, 2014; Ataklte et al., 2015).  In the longitudinal data analyses, participants in W2 had 72% lower odds of having hypertension than those in W1, after adjusting for various confounders.
The remarkable decline in the prevalence of hypertension may be due, in part, to the successful implementation of cardiovascular programmes in Ghana such as the preparation of a national NCD policy and strategic plan (MOH Ghana, 2012), incorporation of the prevalence of hypertension in annual health sector performance monitoring (MOH Ghana, 2014b), task shifting approaches (Adler et al., 2019), health insurance (Ogedegbe et al., 2018), healthy lifestyle promotion campaigns and the role of non-state actors, particularly those involved in the health of older adults in Ghana (Agbényiga & Huang, 2012; Peace FM, 2020). 
On the other hand, there is some indication of an apparent increasing trend in the prevalence of hypertension in Ghana and in Africa over time (Bosu et al., 2019b; Hamid et al., 2019).  In one rural district in Ghana, a repeated cross-sectional study showed an eight-fold increase in prevalence of hypertension from 2-5% in the 1970s to 25% thirty years later (Addo et al., 2006).  Moreover, the prevalence of overweight/obesity, a major predictor of hypertension, at 40.5% among urban women aged 15-49 years in Ghana is among the highest in Africa (Yaya et al., 2018).  Its increase over the period 1993-2014 has been statistically significant (Amugsi et al., 2017).  
What else could possibly explain for the observed decline in the prevalence between the two waves?  First, the two samples were not exactly the same cohort being studied nine years apart.  About 43.0% of the W1 cohort with data on hypertension participated in the study W2.  Owing to replacements, the mean age of W2 participants was 1.6 years less than the W1 cohort.  Secondly, although the SAGE Ghana Team tried to maintain the same research assistants and supervisors for both study waves, it is not clear to what extent the differences in the composition of research assistants could have influenced the study outcomes.  The research assistants were trained and closely supervised in the conducted the computer-assisted interviews.
A third possible reason may relate to the differences in the study population between the two waves.  The prevalence of two variables that were consistent positive predictors of hypertension in the current analysis – residence in the Greater Accra Region (W1=13.2%, W2=14.5%) and having previously or never having married (W1=39.4%, W2=37.4%) - was similar among participants in the two study waves and so probably does not explain the decline in the prevalence.  In the current analysis, the prevalence of overweight/obesity was significantly higher in the W2 participants (36.1%, 95% CI: 33.3%-39.1%) than in the W1 participants (29.9%, 95% CI: 27.7%-32.3%).  Central adiposity was also higher in the W2 than in the W1 (Lartey et al., 2019b).  However, W2 participants were also younger and better educated.  In any case, these and other explanatory variables were controlled for in the regression models.
Nevertheless, as explained in section 6.7, there may be as yet observed and unobserved factors such as salt consumption, psychosocial factors and co-morbidities that differed between the participants in the two waves.  For instance, several studies in Ghana on hypertension have found wide variations as well as a high prevalence of type 2 diabetes of up to 19% among apparently healthy subjects (Dosoo et al., 2019; Nunoo, 2018; Owiredu et al., 2008).  A previous history of stroke was found to be strongly associated with hypertension in older adults in SAGE W1 in Ghana (Tyrovolas et al., 2015).
The pattern of hypertension among subjects who participated in both waves provides, perhaps, the most plausible clue to the decline in the prevalence.  Once diagnosed as having hypertension in W1, a participant cannot subsequently be classified as non-hypertensive in W2.  If a W1 subject with hypertension has his/her BP controlled in W2, he/she is classified as such – that is, a subject whose hypertension is controlled.  However, in the current analyses, 336 (33.5%) of 1004 participants from W1 were subsequently found not to have hypertension in W2.  It is plausible that the single-visit assessment may have overestimated the true prevalence of hypertension (Figueiredo et al., 2008; O'Brien et al., 2003).  In other words, there may have been participants diagnosed as having hypertension at W1, who would not have been considered as having it on subsequent evaluation.  Current practice guidelines recommend that a diagnosis of hypertension be confirmed after two or three clinic visits at one-to-four week intervals except when the BP ≥ 180/110 mmHg and there is evidence of CVD (Unger et al., 2020). 
In Tanzania, a single-visit examination in older adults aged ≥70 years overestimated hypertension by 40.9% compared with ambulatory blood pressure measurement (Ivy et al., 2015).  In Yemen, the single visit assessment overestimated hypertension by 35% when compared to two visits (Modesti et al., 2012).  In Ghana, a single visit examination overestimated the prevalence of hypertension by 19% among civil servants in Accra (Addo et al., 2008).
Sub-national surveys in Ghana and other West Africans countries have demonstrated the feasibility of measuring blood pressure at multiple visits for a sub-set of participants (who had raised BP at the first visit) or even for all participants (Addo et al., 2008; Bunker et al., 1996; Huston et al., 1999; Konin et al., 2012).  Undoubtedly, implementing a protocol which requires multiple visits on a national scale in multiple countries is costly, logistically-challenging and inconvenient.
The decline in the prevalence in the hypertension observed in the current analysis may not be that unusual after all as several longitudinal studies in Ghana and elsewhere have also observed a decline over time.  The only other recent longitudinal survey in Ghana observed a decline (albeit smaller) in the prevalence of hypertension over two waves, after a five-to-six-year follow-up.  The prevalence in the first wave of the Women’s Health Study of Accra (WHSA-I) in 2003 was 48.0% (638 out of 1328 women aged ≥18 years) (Hill et al., 2007).  In the second wave (WHSA-II) in 2008-2009, it dropped slightly to 45.1% (1,268 of the 2,812) (Taflin, 2016).  The proportion of women with SBP>140 mmHg was 78.6% in those aged >50 years in WHSA-I and 48.5% in those aged ≥45 years or 53.3% in those aged ≥55 years in WHSA-II (Darko et al., 2012; Duda et al., 2011).  Model estimates show that the age-standardized prevalence of hypertension in Ghana also declined steadily from 29.7% to 24.6% in men and from 25.5% to 22.8% in women between 1975 and 2015 (NCD Risk Factor Collaboration, 2017).
Elsewhere, a significant decline in the prevalence of hypertension in older adults aged ≥50 years was observed in SAGE South Africa from 77.4% in Wave 1 in 2007 (Peltzer & Phaswana-Mafuya, 2013b) to 55.0% in Wave 2 in 2015 (Ware et al., 2017).  Similarly, in a dementia research cohort study in Nigeria, the prevalence of hypertension reduced from 62.1% at baseline to 60.9% among subjects without a diagnosis of-dementia aged ≥65 years from a baseline wave in 2001 who were re-evaluated during the 2004 and 2007 waves for dementia (Ogunniyi et al., 2011).  
Could the decline in the prevalence of hypertension between the two SAGE waves be possibly due to a differential under-reporting of hypertension by participants in the mixed W2 compared with W1?  First, it is not clear what would motivate such a systematic under-reporting by W2 participants, if this was the case.  Secondly, the prevalence of self-reported hypertension in W1 (13.9%) and in W2 (14.1%) was similar.  The additional cases of hypertension based on their treatment history (besides BP measurement) was 4.5% and 2.7% in W1 and W2 respectively.  Thirdly, W2, actually, had more non-missing data on hypertension than W1 (98.5% versus 90.1%).
[bookmark: _Hlk71158376]In relation to the theoretical framework, despite the decline in the prevalence, the still high levels of hypertension in the older adults in Ghana do not make for successful ageing.  As may be recalled, Rowe and Khan’s model of successful ageing had elements of low probability of disease and disability as well as high cognitive and physical function (Rowe & Kahn, 1997).  As discussed in section 6.6, not only did the older in Ghana have a high prevalence of hypertension, but most of them had other risk factors for chronic NCDs including overweight and obesity (section 6.6).  Moreover, in the African setting, most older adults are not covered by social security and pension and so have little social protection.   Overweight and obesity among SAGE Ghana W2 participants were associated with 3.8 times the health care costs of those with normal BMI (Lartey et al., 2019a). Hypertension and its complications exact a significant financial toll on households and individuals in Africa.  Having a household member with a chronic illness in rural Africa increases the probability of catastrophic payments to 3.3-7.8 times that of households with no chronic illness, with payments representing up to 60% of non-food household expenditure (Su et al., 2006; Wang et al., 2016).  

[bookmark: _Toc51472148]6.3	Severity of hypertension 

About one-quarter of W1 and one-eighth of W2 participants had BP≥180 mm Hg and/or DBP was ≥110 mmHg.  This compares with a 19.2% prevalence among civil servants working in Accra (Addo et al., 2008).  About 71% of these civil servants were subsequently examined for complications (Addo et al., 2009a).  The baseline SBP and DBP of those who were further examined, and non-participants were similar.  The civil servants had been living with hypertension for about 5.7 years (95% CI: 4.8–6.7).  The investigators found that 47.5% of those with hypertension had evidence of target organ damage (TOD) involving the heart, kidney or eyes or a history of stroke.  Those with severe hypertension had odds of 6.14 of having TOD as those with BP<140/90 mmHg.  
It seems reasonable to suspect that the subjects in the SAGE Ghana study, being older, with severe hypertension being more common, and having had their conditions for longer, would have a higher prevalence of TOD than observed in the civil servants (Williams, 2016a).  In a separate analysis, it was found that the proportion of older adults with hypertension with self-reported history of stroke in W1 increased with increasing grade of hypertension: mild – 2.8%, moderate – 3.8% and severe – 5.3%.  Given the low awareness and poor control of hypertension as well as the higher risk of multimorbidity in this population, it is imperative that older adults are screened regularly to detect the disease and its complications early.
In rural Tanzania, 13.9% of older adults aged ≥70 years had left ventricular hypertrophy while 26.4% had peripheral artery disease (Putnam et al., 2018).  Sustained hypertension, as determined by raised BP at three examinations over the period 2010-2016, was associated with TOD.
In a multicentre case control study in Ghana and Nigeria, the adjusted odds for incident stroke associated with hypertension was 19.4 (95% CI: 12.1-30.9) and was 4.5 (95 CI: 1.9-11.0) for older age ≥50 years (Owolabi et al., 2018).  These factors respectively accounted for 90.8% and 58.8% of the population attributable risk associated with stroke.  Preventing hypertension at an early age could, therefore, potentially save a significant proportion of the incident stroke that occurs in Ghana and Nigeria. 

[bookmark: _Toc51472149]6.4	Determinants of hypertension

In line with the theoretical framework, the current study explored the relationship between 18 demographic, socioeconomic and lifestyle factors with hypertension as well as its grades through a series of single and multilevel regression analyses.  Level 1 was the study participants, level 2 their households and level 3, the enumeration area in which they resided.  The determinants were assessed separately for each study wave as well as in the longitudinal data analysis of merged dataset of both study waves.

[bookmark: _Toc51472150]6.4.1	Demographic determinants

Residence in the GAR and being previously married or never having married were consistently associated with greater odds of having hypertension or severe hypertension in the multilevel multivariable analyses.  They were also positive predictors of hypertension in the longitudinal data analyses.
Residence in the GAR was associated with the highest adjusted odds for hypertension that were two-to-three times those of residence in the northern regions.  The independent association of residence in GAR and hypertension in older adults has previously been reported by Minicuci et al. (2014).  The striking disparity in socio-economic development is reflected in the risk for hypertension.  The GAR is the most urbanized administrative region in Ghana with 90.5% of the population living in urban centres compared with 16.3%-30.3% in the northern regions (GSS, 2014a).  GAR also has the lowest incidence of poverty.  Its 2.5% incidence of poverty in 2016/2017 contrasts sharply with that (54.8%-70.9%) in the northern regions (GSS, 2018b).  The level of ‘obesogenic’ environment in GAR with the high concentration of multilateral and local fast-food joints as well as motorized transport likely contribute to the development of cardiovascular diseases in general.  
The current findings are consistent with those of previous studies.  In a systematic review involving 17 studies and 26,649 participants in Ghana, the prevalence of hypertension ranged from 19% to 48% with the extreme values occurring in the northern regions and GAR respectively (Bosu, 2010).  In the Ghana Demographic and Health Survey (GDHS) 2014, the prevalence of hypertension in adults aged 15-49 years in the GAR was 2.4-2.9 times that of the northern regions (Sanuade et al., 2018).  Residence in the GAR was also associated with the highest adjusted odds of self-reported hypertension among women in the GDHS 2014 (Nyarko, 2016).
Urban residence was associated with higher odds of hypertension over time as in the current longitudinal data analysis.  A systematic review found that urban residence was frequently associated with hypertension in older adults in Africa (Bosu et al., 2019a).  During the period covered by the SAGE study, the urban population in Ghana grew from 47.5% in 2005 to 54.1% in 2015 (United Nations, 2018).  Urban residents in Ghana are up to three times as likely as rural residents to have hypertension, four times as likely to have diabetes and eight times as likely to be obese (Kodaman et al., 2016).  
The prevalence of hypertension increases with increasing level of urbanization.  It was 61.8% in rural, 65.7% in semi-urban and 70.0% in urban older adult populations in the Yoruba-speaking areas of Nigeria (Raji et al., 2017).  Residence in urban and semi-urban areas was independently associated with 38% higher odds of hypertension in the same study.  Urbanization in Africa is frequently associated with increased incomes, a shift towards western diets (energy dense, low in fibre, high in salt, sugar, fat and trans-fatty acids), easier access to fast foods, and more sedentary activities (Bosu, 2015; Onyango & Onyango, 2018).  It has been found to be a consistent driver of BMI and total cholesterol.  In the SSA region, the urban population increased by about 8.4 percentage points between 1985 and 2005.  If the urbanization were to have increased by the same magnitude, it is estimated that average BMI would have increased by about 0.17 kg/m2, total cholesterol by about 0.03 mmol/l; and diabetes by about 0.25 percentage points, if all other factors had remained the same (Goryakin et al., 2017).  
Another consistent positive predictor of hypertension among older adults in Ghana in the multilevel separate SAGE wave and in the longitudinal data analyses was being previously married or never having married.  This finding is at variance with that of the Ibadan Study of Ageing, which found that older adults aged ≥65 years who were currently unmarried had 29.0% lower adjusted odds of having hypertension (Raji et al., 2017).  In most studies in older adults in Africa, however, the relationship between marital status and hypertension in older adults has not been statistically significant (Bosu et al., 2019a).  In a SAGE W1 study involving adults aged ≥18 years, marital status was not significantly associated with hypertension in any of the six participating countries (Basu & Millett, 2013).
In a meta-analysis involving 128 studies and 72,674 participants mostly from developed countries, greater marital quality was generally associated with improved physical health including improved BP control (Robles et al., 2014).  In 2018, another meta-analysis of 34 studies involving more than two million subjects aged between 42 and 77 years from Europe, Scandinavia, North America, the Middle East, and Asia, being unmarried (never married, divorced or widowed) was associated with 42% greater odds of developing a CVD event (heart attack, ischaemic heart disease, coronary heart disease, stroke) (Wong et al., 2018).  Not being married was also associated with greater odds of dying from coronary heart disease (42%) or stroke (55%).  It was associated with 20% greater odds of a CVD death but this difference was not statistically significant.  Based on these findings, the authors called for marital status to be considered in the risk assessment for CVD although they acknowledge that marital status could be a surrogate marker of other risk behaviour.  The mechanism to explain this relationship is not well-understood and may be due to social-cognitive factors, neuroendocrine processes, biological mediators or health behaviours (Robles et al., 2014).  
Unlike SAGE Ghana, married, cohabiting or previously married women aged 15-49 years involved in the GDHS 2014 had 68%-89% greater odds of having hypertension compared to never married women (Tuoyire & Ayetey, 2019).  The relationship between marital status and hypertension in men was not statistically significant.  While most studies observe beneficial effects of marriage on cardiovascular health, the relationship is complex and still not well-understood.  The role of marital status becomes more muddled if one considers the possible effects of polygamy, serial monogamous marriages and the gender roles in the African setting where even sick female partners are expected to care for their healthier male partners.  It is doubtful that marital status will be a priority in programmes to promote cardiovascular health in Ghana.  One area of focus could be the beneficial effect of social support on compliance with hypertension treatment (Osamor, 2015).  Unfortunately, there is scant research on the cardiovascular effects of marital status in the African context.
Other demographic determinants such as older age group or being a Muslim were significantly associated with a higher prevalence of hypertension while others such as female sex or belonging to other ethnic groups were associated with a lower prevalence in one or the other study wave in Ghana in the current analyses.  Such mixed patterns were also observed in the systematic review of the determinants of hypertension in Africa (Bosu et al., 2019a).  
Older age was a positive predictor of hypertension in Ghana over the time of the two SAGE study waves in the longitudinal data analyses.  Biologically, ageing reduces the elasticity of arterial walls, with arterial stiffening which adversely affects the cardiac structure and function leading to hypertension (Aronow et al., 2011; Williams, 2016a).  Ageing is also associated with a decline in plasma renin activity and impaired renal function which affects the body’s capacity to regulate potassium-sodium excretion, this being one of the mechanisms in the pathophysiology of hypertension.

[bookmark: _Toc51472151]6.4.2	Socioeconomic determinants

Regarding socioeconomic determinants, having worked in the past seven days was consistently and significantly protective of hypertension in older adults in SAGE Ghana, not only at the separate time points in each wave but also over time in the longitudinal data analyses.  While the reasons for this protection are not clear, the findings are consistent with those of Pilleron et al. (2017) who found that older adults in Congo and CAR who were jobless had an 83% greater adjusted risk of having hypertension when compared with those previously employed in the government service.  Previous occupation as farmer, fisherman, storekeeper or craftsman was similarly associated with hypertension.  Among older adults in Cameroon however, the relation between occupational type and hypertension was not statistically significant (Tianyi et al., 2018).
One might expect the occurrence of hypertension to follow a social gradient in which those in the higher socioeconomic class are a greater risk of hypertension.  For example, in the civil servants study of Accra, those in the highest employment grade category were twice as likely to have hypertension as those in the lowest category (Addo et al., 2009b).  The odds of hypertension among the civil servants increased with the ownership of an increasing number of assets or amenities such as a flush toilet, electricity, a refrigerator, a family car and a television.  Similarly, in the GDHS 2014, the adjusted odds associated increased with increasing wealth, with the differences between each of the richest three quintiles and the reference quintile group being statistically significant (Sanuade et al., 2018).  However, the relationship between wealth quintiles and hypertension was less remarkable in older adults in Ghana or in South Africa (Lloyd-Sherlock et al., 2014).  In the current analysis, a statistically significant dose response relationship between wealth quintiles and hypertension was only observed in the crude but not the multivariable analyses.
There was some evidence of a protective effect of higher-level education among older adults in only the SAGE Ghana W1, as in South Africa (Lloyd-Sherlock et al., 2017; Tyrovolas et al., 2015).  This contrasts with the situation among older adults in other African countries  (Hammami et al., 2011; Macia et al., 2012; Scholten et al., 2011) or among younger subjects in the GDHS 2014 in Ghana, where education was not significantly associated with hypertension (Sanuade et al., 2018).
Overall, the relationships between socio-economic determinants (education and wealth quintiles) and hypertension in older adults in Ghana were inconsistent.  Similar inconsistent associations have also been reported in a systematic review of the determinants of hypertension in older adults in Africa (Bosu et al., 2019a) or among workers in West Africa (Bosu, 2016).  The inconsistent patterns may be related to the heterogeneity of the populations studied, self-reporting biases and measurement difficulties.

[bookmark: _Toc51472152]6.4.3	Lifestyle determinants

Regarding lifestyle determinants, overweight/obesity was associated with the second highest odds (after residence in GAR) of having hypertension or its severity in the study W1 and in the longitudinal data analyses  in Ghana.  There was a dose-response effect with increasing odds of hypertension with increasing BMI categories.  These findings are consistent with those in existing literature.  In the systematic review of the determinants of hypertension in older adults in Africa, overweight and obesity were among the strongest and consistent predictors (Bosu et al., 2019a).  In the combined analyses in the six SAGE countries, overweight and obese subjects aged ≥18 years had 1.6 and 3.7 times the adjusted odds of having hypertension respectively as those with normal BMI (Basu & Millett, 2013).  In the demographic and health surveys in five SSA countries including Ghana, overweight and obese women had 2.4 and 5.3 times the adjusted odds of hypertension respectively as those with normal BMI (Yaya et al., 2018).   
Overweight and obesity have reached ‘epidemic’ levels in Ghana (Ofori-Asenso et al., 2016).  Their prevalence in urban women in Ghana involved in the demographic and health survey was among the highest in Africa (Amugsi et al., 2017).  Obesity increased nearly three-fold from 7.7% in 1993 to 22.0% in 2014.  The pooled estimate of the prevalence of overweight and obesity in Ghana was 25.4% (95% CI 22.2–28.7%) and 17.1% (95% CI 14.7–19.5%) respectively (Ofori-Asenso et al., 2016).  In older adults, the prevalence of overweight/obesity increased rapidly between SAGE waves 1 and 2 in Ghana from 2007 to 2015 (Lartey et al., 2019b).  Besides the health risks, overweight and obesity in older adults in Ghana have been associated with higher clinic costs (Lartey et al., 2019a).  The mean total costs per person was US$34.8 for normal weight, $77.5 for overweight and $131.9 for obese subjects.
It is estimated that the risk of hypertension increases by 49% for every five-unit increment in BMI, by 27% per 10 cm increase in waist circumference, and by 37% and 74% per 0.1-unit increment in waist-to-hip ratio and waist-to-height ratio respectively (Jayedi et al., 2018).  Conversely, weight reduction is associated with reduced risk of hypertension in overweight/obese people (Poorolajal et al., 2016).  Being overweight/obese does not only increase the risk for hypertension, but also for diabetes, dyslipidaemia, atherosclerosis, and chronic renal disease.  Thus, the imperative to reduce overweight/obesity is not only for medical reasons but also for financial reasons.
Besides genetic and behavioural causes, the mechanisms that explain the association between hypertension and weight gain are increased sodium reabsorption and increased blood volume which are mediated by increased sympathetic nervous system activity; activation of the renin-angiotensin system; and in the case of abdominal obesity, increased physical compression of the kidneys, leading to increased intrarenal pressure (Hall et al., 2003).  The pathophysiological mechanisms are complex and involve impaired vascular endothelial function, reduced availability of nitrous oxide, increased adipokines, and insulin resistance (Seravalle & Grassi, 2017).
Engaging in high level of physical activity was associated with opposite effects in either SAGE Ghana study wave – with greater odds of having hypertension (or its severity) in one and lower odds in the other.  Moderate-intensity physical activity conferred some protection against hypertension over the period of the studies in Ghana.  A similar mixed pattern has been reported in the literature.  In a systematic review of studies in older adults in Africa (Bosu et al., 2019a), low level physical activity in SAGE South Africa (Peltzer & Phaswana-Mafuya, 2013a) but high level physical activity in Congo/CAR (Pilleron et al., 2017) were protective of hypertension.  In other studies, the relationship between physical activity and hypertension was not statistically significant (Hammami et al., 2011; Lloyd-Sherlock et al., 2014).  Similarly, in the six SAGE countries, hypertension did not vary significantly by level of physical activity in participants aged ≥18 years (Basu & Millett, 2013).
Nonetheless, the beneficial role of physical activity, even at low-to-moderate levels or when started in later life, in improving cardiovascular outcomes in older adults is undoubted (Hamer et al., 2014; Hupin et al., 2015).  In a systematic review of the health effects of aerobic training involving eleven controlled-trials among adults ≥70 aged years who were healthy or had hypertension, most studies reported a reduction in SBP by 5.3%-16.0% and DBP by 11.4%-13.0% (Bouaziz et al., 2017).  The review also found consistent evidence of benefits for respiratory fitness, glucose metabolism control, functional outcomes, and cognitive performance.  Another systematic review of randomized controlled trials investigating nonpharmacological strategies to reduce BP found that aerobic or resistance exercise training or both, undertaken regularly over at least a three-month period led to reductions of 5-6mmHg in SBP and 2-3.5 mmHg in DBP in adults aged ≥65 years (Herrod et al., 2018).
However, adherence to exercise can be challenging, particularly among older adults and is better achieved in those who are healthy, fit, non-smokers, have a history of physically active lifestyle and are well-motivated with high self-efficacy (Martin & Sinden, 2001).  Less daunting forms of exercise have been explored.  Dancing has been found to have functional, metabolic and cognitive benefits in older adults (Predovan et al., 2019; Rodrigues-Krause et al., 2019).  Moreover, there is evidence that structured exercises and lifestyle physical activity integrated into the daily lives of older adults are equally effective, with the latter being more sustainable in maintaining increased physical activity in the long term than the former (Opdenacker et al., 2008).  Unfortunately, Ghana has limited programmes or infrastructure to systematically engage older adults in physical activity sessions.  
Overall, most of the findings conformed to what might be expected but there were occasional counterintuitive glitches such as heavy alcohol drinking and consumption of inadequate daily fruit and vegetable servings that emerged as negative predictors of hypertension in W2.

[bookmark: _Toc51472153]6.5	Awareness, detection and control of hypertension

A major challenge identified from the current analyses is the low level of awareness of hypertension in the older adults in Ghana.  The level of awareness in the two study waves was 24.1%-27.6%.  Since older adults have had a longer opportunity in life to have been diagnosed at health encounters, they would be expected to be more aware of their diagnosis than younger adults (Lloyd-Sherlock et al., 2017).  Yet, up to 72% of the hypertension in the two study waves was undiagnosed and less than 5% of those with hypertension had their BP controlled.
These findings are important considering uncontrolled hypertension and moderate-to-severe hypertension are risk factors for stroke in Ghana (Owolabi et al., 2018; Sarfo et al., 2018b).  The level of awareness is better than that of only one of 12 studies reporting the prevalence of awareness in a systematic review of hypertension in older adults in Africa in which it was 22.0% (Raji et al., 2017) whereas in the other studies, it ranged from 30.0% in Senegal (Duboz et al., 2015) to 81.0% in Tunisia (Hammami et al., 2011). 
In the five other SAGE countries, the prevalence of awareness of hypertension in older adults was greater than that of Ghana (23.3%), ranging from 38.0% in South Africa to 72.1% in Russia (Lloyd-Sherlock et al., 2014).  Older age, being female, overweight/obese and increasing wealth quintiles were associated with increased awareness.  Ghana had the lowest control of hypertension (4.1%); it ranged from 7.8% in South Africa to 14.1% in India.  Older age, being female and increasing wealth quintiles favoured BP control while being overweight/obese favoured poor control.
In population-based studies in Ghana, the prevalence of awareness of hypertension in younger adults was 22.0%-54.1% while the effective BP control was achieved in 0%-23.8% (Bosu, 2010; Sanuade et al., 2018).  While general awareness of hypertension has improved in Ghana, misconceptions remain (Spencer, 2005).  Among people living with known hypertension enrolled on the hospital-based Ghana Access and Affordability Programme, only 63.2% knew what hypertension meant, 6.2% knew the BP cut-offs, and most did not know about its complications (Sarfo et al., 2018a).  Receiving treatment at a tertiary referral centre, long duration of hypertension, poor adherence to medication, reported difficulty at obtaining medications from hospital pharmacy and the number of antihypertensive medications were independently associated with poor BP control.  
Similarly, in a recent hospital-based study in Accra, Ghana among adult patients with hypertension on treatment for one year or longer, 73.3% had poor knowledge of hypertension defined in relation to its causes and complications and what a normal adult BP is (Okai et al., 2020).  The factors associated with uncontrolled hypertension were male sex, low education, 2-5-year duration since diagnosis, presence of comorbidity or dyslipidaemia and high pill burden (3-4 pills daily).  The commonest reasons for missed medication were forgetfulness, high pill burden and side effects of medication.
Health workers involved in a qualitative study in rural northern Ghana identified three categories of barriers to the adequate control of hypertension (Nyaaba et al., 2020).  These were health professional barriers such as limited training and capacity for managing HTN, difficulties in communicating about HTN in the local languages, weak referral systems, low staff morale from managing heavy caseloads with little appreciation by patients;  health system barriers such as limited health personnel and specialists, inadequate infrastructure and equipment, drug shortages at health facilities sometimes due to late reimbursements from the NHIS; and patient-related barriers such as non-compliance with professional advice on diet and medication, use of traditional and spiritual remedies facilitated by radio advertisements, sociocultural practices such as snuffing tobacco, and consumption of local alcoholic drinks.
The challenges with poor control of hypertension are observed even among health professionals in Ghana.  In one survey, only 43.8% of those with hypertension had been previously diagnosed (Aryeetey & Ansong, 2011).  Whereas all health professionals living with known hypertension reported being on medication, none had their BP under control.
Another challenge is that progress tends to be slow.  In Mozambique, the level of awareness of hypertension after ten years (2005-2014/2015) was similar at 14.8% / 14.5% as was treatment rates among those aware that they have hypertension at 51.9% / 50.1% (Jessen et al., 2018).  Although BP control among those treated increased from 39.9% to 44.5% over the period, the difference was not statistically significant.

[bookmark: _Toc51472154]6.6	Clustering of risk factors

Hypertension tends to occur along with other chronic noncommunicable disease risk factors.  Most of the SAGE Ghana participants had two or more risk factors.  The prevalence of multiple risk factors in other SAGE countries, notably India, Mexico, Russia and South Africa, was higher than that of Ghana (Wu et al., 2015).
The findings are consistent with those of other studies in Africa.  In three rural sites in Malawi, Rwanda and Tanzania, older men and women aged ≥50 years were 2.5 to 4 times as likely as younger persons to have multiple risk factors (physical activity, smoking, alcohol intake, hypertension and overweight) (Negin et al., 2011).  
Multiple concurrent risk factors are also common in younger adults in Africa.  Among university workers in Ibadan, Nigeria, 67.4% reported only one risk behaviour while 29.9% reported multiple risk behaviours (Ige et al., 2013).  More recently, civil servants in Ibadan reported a mean of 3.01 risk factors, with 80.4% having two-to-six risk factors (Olawuyi & Adeoye, 2018).  The mean number of risk factors increased with increasing age, with those with aged 20-29 years having 2.13 factors compared with 3.45 factors in those aged ≥50 years.
Older adults also tend to have multimorbidity.  In Burkina Faso, 65% of adults aged years had hypertension, malnutrition, visual impairment or diabetes in different combinations (Hien et al., 2014).  In SAGE Ghana W1, the prevalence of multimorbidity, defined as the presence of two or more of eight chronic health conditions (namely angina pectoris, arthritis, asthma, chronic lung disease, diabetes mellitus, hypertension, stroke, and low visual acuity), was 22.0% (95% CI 19.3% – 25.1%) (Arokiasamy et al., 2015).  The implications for the multiple risk factors and multimorbidity are increased risk of adverse outcomes such as stroke and heart failure, challenges with compliance with multiple medications, increased need for monitoring, greater financial burden and impaired quality of life (Lee et al., 2015; Morgan et al., 2018; Sarfo et al., 2018b).  Tackling multimorbidity calls for integrated approach to care and prevention rather than individual risk factor or disease-based approaches.

[bookmark: _Toc51472155]6.7	Strengths and limitations of study 

The secondary data analysis has several strengths.  The SAGE study is large, comprehensive, national representative and uses a standardized data collection instrument to allow for international comparison and within-country comparison over time.  The study is believed to be the first reported nationwide study of hypertension involving longitudinal data analysis in a cohort of older adults in Ghana.  A bibliometric analysis of studies on ageing in Ghana from the 1950s to 2016 highlighted the absence of longitudinal studies (Aikins et al., 2016).  The current study adds to the understanding of the health experiences of older adults over time in Ghana.
The quality control measures during data collection in the primary studies were appropriate and involved training, retraining, and re-interviews of a sample of the subjects (Biritwum et al., 2013).  The use of geo-codes helped to improve the identification of households involved in the earlier W1 cohort study.  The blood pressure and anthropometric measurement protocols followed international guidelines.  
In the secondary data analyses, the definitions of variables conformed to international guidelines (WHO, 2008).  Implausible values were removed from the analyses.  Unique identification numbers were used to merge the datasets.  Sample weighting aimed to compensate for the unequal sampling probabilities.  The analyses involved a series of regression model that were systematically built up from single level univariable through to multilevel multivariable logistic models.  The relevant model diagnostics including the fit of the models were regularly reported.  Statistical tests confirmed the superiority of the multilevel models to the single level models (Steele, 2009).  
Most studies on determinants of hypertension ignore the hierarchical structure of their data in their analysis, leading to inaccurate standard errors.  In a systematic review of 16 publications on the determinants of hypertension in older adults in Africa (Bosu et al., 2019a), only one employed a multilevel analysis (Boateng et al., 2017).  The current analysis therefore fills the gap in providing more accurate parameter estimates.  The multilevel analysis enabled the proportion of the total variation in hypertension in W1 and W2 respectively due to unobserved household and enumeration area level factors to be quantified.  It also fills another identified gap from the systematic review by including lifestyle explanatory variables such as physical activity, overweight/obesity, fruit and vegetable intake, tobacco and alcohol consumption in the statistical models.  The explanatory variables were comprehensive and consistent with those from the theoretical and conceptual frameworks.
The findings were largely consistent with those of other studies, particularly those from the recent systematic reviews undertaken by this candidate (Bosu et al., 2019a; Bosu et al., 2019b).  Ordered relationships tended to follow a dose-response effect, thereby enhancing the credibility of the results.  
The level of non-missing data with respect to participants with complete plausible values in the models was 90.9% in W1 and 81.5% in W1.  Owing to the large number of explanatory variables, this level of missingness may be acceptable.  The missingness pattern is likely to be random with no obvious reason to suspect that it was systematically related to the outcome variable, hypertension.  If the missing data mechanism is not random, then the model will yield biased estimates (Laird & Fitzmaurice, 2013).
These strengths, notwithstanding, the study also had some weaknesses.  In relation to the theoretical framework, several of the criticisms against the Rowe and Kahn model of successful ageing earlier discussed in section 3.5, applied to the current SAGE data analysis (Martinson & Berridge, 2015).  These include the dominant focus on the individual in influencing the occurrence and pattern of hypertension, and the limited consideration of cognitive function and psycho-social factors.  The presence of hypertension and risk factors served as a proxy for ‘successful ageing’, which may have been an oversimplification of this complex concept with multiple definitions (Depp & Jeste, 2006; Dillaway & Byrnes, 2009).  
Other study limitations included participant attrition (from Wave 1 to Wave 2), inability to validate self-reported responses, the measurement of BP at a single visit and insufficient number of time points to allow for more appropriate longitudinal analyses.  The low proportion (42%) of W1 cohort who participated in W2 provides less opportunity to study individual level changes in the prevalence of hypertension over time than if there was a larger cohort participation in the two waves.  Attrition was mostly related to relocation of participants for various reasons, some supposedly personal and others statutory (e.g. national development structures).  
The responses on behaviour and lifestyle – for example, alcohol use and smoking - may be influenced by social, cultural and religious norms.  The recall capacity of subjects in the sample will reduce with increasing age of the subjects.  The high levels of illiteracy in the sample studied could have negatively affected the ability of subjects to correctly report previous diagnosis of hypertension.  The literacy levels were higher among W1 than among W2 participants.  On the other hand, W1 participants were also older than W2 participants.  If participants in one wave, for whatever reason, systematically recalled a previous diagnosis of hypertension better than those in another wave, this will overestimate the prevalence of hypertension in the former group.  In reality, it is impossible to predict the impact of recall bias on the validity of measurements between the two study waves.  In order to reduce the problems of recall bias, objective measurements such as blood pressure and anthropometric measurements were taken.
Although a large number of co-variates were assessed in the models, it is still possible that important observed or unobserved co-variates were missed.  For example, the study did not include variables relating to the social and functional engagement, important elements of successful ageing in the Rowe and Kahn model (Rowe & Kahn, 1997).  Social interaction, particularly strong family support systems, friendship and community networks are important contributors to the quality of life of older adults in Ghana (Doh, 2017).  Social support and engagement are also associated with health service utilization of older adults in Ghana (Gyasi et al., 2018).  Including variables relating to social engagement in the statistical models might have reduced the proportion of unexplained variation in hypertension in the study waves.
As earlier discussed, the measurement of BP at single visit tends to overestimate the true prevalence of hypertension (when compared to measurement at multiple visits) owing to the regression to the mean (Dewhurst et al., 2013; Kaze et al., 2017; O'Brien et al., 2003).  This could be a reason for the decline in the prevalence of hypertension between the two waves.  A decline in hypertension has been observed in other longitudinal studies in Ghana and in the SAGE South Africa study.  However, the situation is not entirely clear.  Accordingly, the SAGE Team at WHO has cautioned that the W2 hypertension data should be considered provisional until it addresses “issues with the SAGE Ghana Waves 2 and 3 data” before releasing them fully in the public domain (personal communication, Kowal, 2019).  Nonetheless, SAGE Ghana W2 hypertension studies have been published (Tetteh et al., 2020; Ware et al., 2017).
There is some debate about the number of studies required for a longitudinal study.  It has been suggested that two waves of a study do not constitute a longitudinal study (Ployhart & MacKenzie, 2015).  Measurements at more than two time points are desirable in longitudinal analysis (Bryk & Raudenbush, 1987).  Nonetheless, longitudinal analysis has also been applied in studies at two time points (Kutney-Lee et al., 2013; Vaisanen & Jones, 2015).  Two time points may be insufficient to determine trends in the prevalence of hypertension, particularly if they are widely separated in time.  That said, the prevalence of hypertension, a chronic condition, does not change rapidly over time and so explains why WHO recommends a three-to-five year periodicity for NCD risk factor surveys (Riley et al., 2016).  
Overall, the study adds to the body of knowledge of the determinants of hypertension over two study waves in older adults in Ghana.  Further analyses of the third wave SAGE Ghana completed in 2019 will provide a better understanding of the pattern of hypertension in this group.
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[bookmark: _Toc51472157]7.1	Conclusions 

In line with the study objectives, the following conclusions can be drawn from the results:

1. The prevalence of hypertension among older adults in Ghana is high, being 57.0% in Wave 1 and 35.1% in W2.  Among those with hypertension, 25.4% and 12.5% of W1 and W2 participants had severe hypertension with BP>180/110 mmHg.
2. Thus, the prevalence of hypertension in older adults in Ghana declined by about 39% between 2007 and 2015
3. The determinants of hypertension, or of severe hypertension in each study wave and over the two study waves are similar.  Residence in the GAR, overweight/obesity and being unmarried or having previously are consistent determinants positively associated with hypertension.  In contrast, having worked recently appears to be protective.
4. There is a low level of awareness of hypertension among those who have hypertension.  About three-quarters of cases of hypertension in older adults is undiagnosed and less than 5% is optimally controlled.
5. Older adults in Ghana have an average of 2.5 concurrent NCD risk factors, 10%-18% have four or more risk factors. 

[bookmark: _Toc51472158]7.2	Recommendations 

Implementing the following recommendations, derived from the study findings, could contribute in improving the prevention and care of hypertension in older adults in Ghana:

1. Increase priority to the cardiovascular health of older adults
2. Gain a better understanding of the trends, determinants and control of hypertension in older adults
3. Tackle the factors that favour the occurrence and progression of hypertension
4. Improve the awareness, detection and control of hypertension 

These recommendations are discussed under those for policy, practice and research.

[bookmark: _Toc51472159]7.2.1	Recommendations for policy

In view of the significant burden of hypertension and the multiple risk factors identified in the current analyses, there is an urgent need for legislation to back the national ageing policy that was developed in 2010 and launched in 2011 (GOG, 2010).  Various professional groups have called for the passage of this legislation that will allow for the establishment of a National Ageing Council with the responsibility of ensuring the social, health and economic interests of older adults are prioritised in the national developmental agenda (Krugu, 2014).  
In 2016, the Minister for Gender, Children and Social Protection (MoGCSP) announced that the Government of Ghana had finalized the Ageing Bill which was to be presented to Parliament that year (Ghana News Agency, 2016).  The Bill allows for the creation of an Aged Fund, a major social safety net for older adults in the country as well the incorporation of ageing programmes into decentralized local government plans.  She announced that a National Ageing Council had been inaugurated.  Unfortunately, progress with the passage of the bill has stalled and it is not clear that the said Council is functional.  It is therefore imperative that Non-Governmental Organisations (NGOs), civil society and professional groups are empowered to hold the government into account in developing this legislative tool.
While waiting for the bill to be passed, the Ministry of Health / Ghana Health Service could develop its health and nutrition policy implementation plan based on the national ageing policy.  The establishment of Ageing Desks at all Ministries in Ghana will help to champion ageing programmes in public sector plans.  There is also the need for the national authorities to appoint high-level champions to advocate for priority to ageing at the highest level.
Currently, the Ministry of Health collaborates with its Development Partners to organize an annual review of the health sector based on its five-year health sector programme of work.  These reviews do not systematically monitor the health of older persons, albeit the prevalence of adult hypertension is monitored (MOH Ghana, 2018).  It will, therefore, be useful to include an indicator from routine data sources on the delivery of services to older adults (such as number of facilities providing dedicated services for older adults) or the outcome of those on medical admission.  
Modifying the current policy on the NHIS could help to improve the awareness of hypertension and its effective control in older adults in Ghana.  Legally, the NHIS exempts people older than 70 years from paying any subscription fees.  However, the age threshold for exemption could be reviewed downward to 60 0r 65 years.  Most of the older adults age 60-69 years in Ghana, having worked in the informal sector, lack pensions on retirement and face financial barriers in subscribing to the NHIS (Kpessa-Whyte, 2018).  Moreover, in the current study, the prevalence of hypertension in subjects aged 50-64 years was still high (56.5% in W1, 31.0% in W2).  Older adults in Ghana who had health insurance have been shown to report a 33% greater awareness of having hypertension than those who are uninsured, after controlling for potential confounders (Lloyd-Sherlock et al., 2014).  Health insurance has also been associated with better control of blood pressure among older adults with hypertension in Ghana, but the association, unlike that in India and Mexico, was not statistically significant (Lloyd-Sherlock et al., 2014).
Admittedly, the Government of Ghana and some NGOs have embarked on various initiatives to freely register adults aged ≥65 years on the NHIS (MoGCSP Ghana, 2019).  The Government reports that over 11,000 such older adults have been freely registered on the National Health Insurance Scheme since 2014.  Increased enrolment and renewal is now being made possible through the use of mobile technology in Ghana (Ministry of Health Ghana, 2018).  However, the benefits package of the NHIS should be reviewed to take care of the special needs of older adults.  The Government also provides a 50% rebate on public transport to any destination in Ghana for those registered on a social welfare Eban card launched in 2015.  The coverage of such social protection measures could be expanded to provide better opportunities for older adults to access care.  

[bookmark: _Toc51472160]7.2.2	Recommendations for research

The decline in the prevalence of hypertension over the two study waves could not be easily explained.  The analysis of the SAGE Ghana Wave 3 whose data collection was completed in 2019 will enable the trends in the prevalence of hypertension to be more clearly established.  It could also identify other determinants beyond those included in the models that could explain the variation in the prevalence of hypertension over time.
As earlier proposed, revising the BP measurement protocol from a single visit assessment to multiple visits in future surveys will allow for a more accurate diagnosis of hypertension.  It will enable investigators to determine by how much single-visit assessment overestimates the true prevalence of hypertension.  However, multiple measurements of a study that is national in coverage may be both costly and inconvenient for participants and researchers.  
It emerged from the analyses that there was scant research on the relationship between marital status and hypertension in Africa.  Further research in Ghana could better elucidate this relationship, including information on confounders such as the number of previous marriages, polygamy, duration of marriages and reasons for the termination or non-marriage.
Research is needed on how to improve awareness, detection and control of hypertension in Ghana, taking into account the peculiar quality of life challenges of older adults and their cultural context.  In this regard, the establishment of the Centre for Ageing Studies at the University of Ghana in 2016 to promote ageing related research and education is commendable (University of Ghana, 2016).

[bookmark: _Toc51472161]7.2.3	Recommendations for practice

Since blood pressure increases with age across the lifespan, WHO recommends a life-course approach to the prevention and control of CVDs in which actions are taken early, appropriately to transitions in life, and together as the whole of society (Aboderin et al., 2001; Olsen et al., 2016; Pinto, 2007; WHO, 2015a).  It is ill-advised to wait until old age before embarking on health promotion activities.
The major risk factors for hypertension in the current analyses were residence in GAR, never having married or being unmarried, being Muslim or being overweight/obesity.  Accordingly, interventions to prevent hypertension should target GAR and urban centres in Ghana.  The dissemination of the study findings will specifically target the health authorities and other stakeholders of the GAR.  It is impractical to derive recommendations to promote marriage or Islam as a protective tool against hypertension.
Reducing overweight/obesity often involves dietary measures and physical activity.  In urban centres, dieticians could be consulted to provide dietary advice appropriate for older adults in general or with specific CVDs.  Health authorities should publish food-based dietary guidelines for older adults.  Health workers should educate older adults about the benefits of physical activity, even light forms of it, even in their old age (Hupin et al., 2015).  Older adults who are fit and are able, could be encouraged to sign up for regular exercises, preferably through NGOs to enable them to socialize as well.  In general, they should be encouraged to incorporate physical activity into their daily routines over the long-term.  Professional guidance should be provided if available to reduce the risk of falls and possible complications of underlying illnesses.  WHO has recommendations on the intensity, type and duration of physical activity for older adults (WHO, 2010).
Concerted efforts are needed to improve the public awareness of hypertension and its complications, particularly in urban centres.  Multisectoral collaboration involving the MoGCSP, the newly created Division of Health Promotion of the Ghana Health Service, NGOs such as the Association of Ghana’s Elders or HelpAge Ghana, faith-based organizations, civil society and workplaces, is required to develop educational materials and programmes to improve the awareness of hypertension and its risk factors.  
Given the low awareness and poor control of hypertension in this population, it is essential that there is regular screening to detect the disease and its complications early.  Ghana should take advantage of the celebration of international days such as the World Hypertension Day (17 May), World Heart Day (29 September), International Day of Older Persons (1 October), International Day of Persons with Disabilities (3 December) and other nationally-designated days to raise awareness of the hypertension in older adults and institute a system of regular health screening, and promote physical activity and healthy living, particularly in urban centres.  
Improving optimal control of hypertension requires early detection through both active and opportunistic screening.  Health workers should be trained periodically in the care of the elderly.  Counselling should be improved to promote adherence to treatment.  Social support from peers, marital partners, and family members to promote adherence to therapy (Osamor, 2015).  In particular, health workers should be trained in measures to promote adherence such as reducing polypharmacy; to promote healthy lifestyles and to screen for target organ disease.
The current scope of services for older adult clinics should be re-oriented to emphasize health promotion and risk reduction behaviour (Figure 10).  

[bookmark: _Toc71153649]Figure 10:	Signpost of services available at an Aged Clinic in an urban centre in Ghana
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The community-based primary care service providers could be trained in follow-up tasks to promote BP control, within the framework of task shifting.  In Nigeria, nursing staff at a primary care clinic where a health insurance programme was operational were adequately trained to provide clinical care and quarterly home visits helped to improve the quality of care and reduce care costs for patients at high risk of CVD or with established CVD  (Hendriks et al., 2015a).  At 12 months follow up, 67.2% of patients with hypertension had their BP control (< 140/90 mmHg) compared to 48.9% at baseline (P<0.001) (Hendriks et al., 2015b).  In a systematic review of randomized controlled trials in low- and  middle-income countries, task-shifting strategies led by nurses, pharmacists and community health workers were associated with statistically significant improvement in medication adherence for hypertension and diabetes and a reduction in mean BP (Ogedegbe et al., 2014).  Recent experiences with task-shifting approaches led by nurses and community health workers in Ghana suggest that they have the potential to improve the management and control at the primary care level (Adler et al., 2019; Gyamfi et al., 2017; Haykin et al., 2020).

[bookmark: _Toc51472162]7.3	Summary

In integrating geriatric care policy in public health delivery, it will be important to adopt a multidimensional approach that addresses the cardiovascular health needs of older adults along the continuum of health promotion emphasizing risk reduction behaviour, improving awareness, screening for multiple risk factors, providing counselling to enhance compliance with treatment, avoiding polypharmacy, engaging the families in care of sick individuals and providing care for older adults with complications.  Adequate training of mid-level care providers in primary care of older adults with hypertension, the monitoring of the health and risk factors and the implementation of further research on trends and determinants of hypertension should be considered in the process to develop the national health policy for the aged (MOH Ghana, 2014a). 
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Abstract
Background
Hypertension is the leading driver of cardiovascular disease deaths in Africa. Its prevalence is highest in older populations. Yet, this group has received little attention in many African countries. We conducted a systematic review and meta-analysis (PROSPERO registration: CRD42017056474) to estimate the prevalence of hypertension in older adults living in Africa.
Methods
We searched grey literature and major electronic databases including PubMed and Embase for population-based studies and published between 1 January 1980 to 28 May 2018 reporting the prevalence of hypertension for adults aged 50 years living in Africa. We employed a random effects model to estimate the pooled prevalence across included studies.
Findings
We screened 10,719 articles and retrieved 103 full-text articles to evaluate for inclusion in the review. Thirty-four unique studies providing 37 data points on 43,025 individuals in 15 African countries were analyzed. The prevalence of hypertension ranged from 22.3% to 90.0% from the individual studies while the overall pooled prevalence was 57.0% (95% CI 52%-61%). The prevalence was not statistically significantly different by sex, residence, or African sub-region. In individual studies, older age and overweight/obesity were independently associated with hypertension. Twenty-nine (78%) data points were deemed to be of low- or moderate-risk of bias. Eliminating high-risk bias studies made little difference to the pooled estimate of hypertension. Sensitivity analyses, omitting one study at a time, identified three studies with significant but relatively small impact on the pooled estimate. We observed substantial heterogeneity (I2 = 98.9%) across the studies which was further explored by meta-regression analyses. Overall, the GRADE assessment suggested moderate quality evidence in the results.

Conclusion
The persistent high prevalence of hypertension among older adults in Africa, even in rural populations warrants more attention to the cardiovascular health of this group by public health authorities.

Introduction
High systolic blood pressure is the leading risk for deaths in Africa. It resulted in nearly 900,000 deaths (10% of the total deaths on the continent) in 2016 and has increased by 82% since 1990 [1]. It is also responsible for more than half of first-time acute stroke in Africa [2]. It is also a potentially modifiable risk factor for dementia, a disease of concern in Africa where ageing, stroke and other cardiovascular diseases are rising [3, 4]. A number of systematic analyses of hypertension in adults and in adolescents in Africa have recently been conducted [5– 9]. The estimated pooled prevalence of hypertension is about 30.8% in Africa [5] and 30.0%31.1% in Sub-Saharan Africa [6, 10]. Hypertension is now a significant problem in groups previously thought to be at low risk such as rural populations, poor households and young people [11–13]. It is a common cause of medical admissions in African hospitals [14]. With the ageing population and the rising urbanization and the attendant stress, westernized diet and low physical activity, high blood pressure will likely continue to rise [5, 15].
Hypertension increases steadily with increasing age. Its prevalence in the older adults in Africa is about two to four times that in younger adults [5, 10, 16]. Based on the Framingham study, it is estimated that about 90% of surviving normotensive persons aged 55 years will develop hypertension in their lifetime [17]. There is insufficient information on the cardiovascular health of older adults; a situation that partly contributes to the low attention paid to this group [18]. Only one systematic review of studies in older people with hypertension in Africa has been reported to date [19]. However, it did not review studies exclusively undertaken in older adults. Instead, it reviewed studies which sampled other age groups besides those aged 55 years and older. It analyzed 39 studies using the WHO STEPwise approach to surveillance [20] and 52 non-STEPS studies providing a total of 156 separate data contributions. The pooled prevalence was 55.2% [95% confidence interval (CI) 53.1–57.4] with little variation between younger and older age groups or over time. It is against this background that we undertook a systematic review and meta-analysis with the aim of estimating the prevalence of hypertension in adults aged 50 years or older in Africa and its distribution by demographic factors and over time. Our findings could inform the development of targeted policies aimed at improving cardiovascular health outcomes among this group.
The terms “elderly”, “aged” and “older persons”, are sometimes used interchangeably in the literature [21]. In most developed countries, presumably because of their higher life-expectancy, the cut-off age 65 years is used to define older adults. The United Nations conventionally uses 60 years as the threshold for older adults [22]. However, the 60- and 65-year thresholds have been criticized as arbitrary and irrelevant for the African setting, where a World Health Organization (WHO)-project considers 50 years to be more appropriate for social and functional reasons [23]. Subsequently, several surveys in Africa have used 50 years and older to define older adults [16, 24, 25].
Methods
The protocol for the systematic review, registered in PROSPERO under CRD42017056474 has been published elsewhere [26].

Exclusion and inclusion criteria
Cross-sectional or follow-up studies published between 1 January 1980 and 28 May 2018 which reported a prevalence or incidence of hypertension in adults aged 50 years or above living in Africa were included. Original articles, conference proceedings or abstracts reporting the outcome of interest were also eligible for inclusion.
Hypertension was defined using the blood pressure 140/90 mmHg cut off or those taking anti-hypertensive treatment regardless of their blood pressure on measurement [27]. Where the definition was not explicitly provided and contact with the study authors to furnish this information had been unfruitful, we assumed that such studies, if published in or after 2010, had defined hypertension based on the 140/90 mmHg cut-off in conformity with the 7th Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure’s report of 2003 [27].
Articles were excluded if the older adults were pregnant, recruited from hospital patients or institutions for chronic or mental illness, or other restricted settings. They were also excluded when the subjects were African migrants, lived outside of Africa or the main outcome was self-reported hypertension or non-systemic hypertension. Review articles or expert opinion commentaries were excluded.
Search strategy
We searched the major electronic databases, PubMed and Embase (via Ovid), as well as Academic Search Complete, CINAHL and PsycINFO (via EBSCOhost). In addition, we searched the African Journals Online repository and Google Scholar. The bibliography of the included studies was hand-search to identify additional studies. For grey literature, besides what was obtained via Ovid and Google Scholar, we searched OpenGrey and ProQuest.
The search terms were based on the population, intervention, comparator, outcome and settings (PICOS) approach modified to suit studies not involving interventions or comparison groups [28]. The terms for the intervention concept were “prevalence”, “proportion”, “survey”, “descriptive”, “cross-sectional”, “cohort”, “longitudinal”, "attributable fraction", and “incidence” (S1 Table). Those for the outcome were “hypertension”, "blood pressure", “cardiovascular” and “cardiometabolic”. Those for the settings were “Africa” and the names of 58 African countries and islands. Within each concept, the terms were linked with the “OR” operator” while the results combined across the concepts with the “AND” operator. We limited the search results to human studies conducted in the middle-aged (45 to 64 years)" or the "aged (65 and over)". Where, this was not possible, we used the terms "older adults", “elderly”, “middle-aged”, “geriatric”, “the aged”, and “senior”.
The search results from the different databases were managed using the Covidence software [29]. This programme automatically identified and removed duplicate papers. Then, the titles and abstracts were screened guided by the inclusion and exclusion criteria. The screening was facilitated by the use of key words such as “patients”, “African Americans” and “pregnant” which quickly enabled non-eligible studies to be reviewed and excluded. The full-text of potentially analyzable studies were retrieved and evaluated independently by two authors (WKB, JMKA). Discrepancies were resolved by consensus between the two reviewers, without recourse to an arbitrator. The Covidence software automatically generated the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart of selected studies [28].
Where multiple publications existed on the same sample of subjects, we counted all such studies as one unique study. With these multiple papers, it was quite easy to identify the paper that most adequately provided the data for this review. Where necessary, complementary data were obtained from the additional reports. If hypertension was estimated in the same cohort at different time points, then these were reckoned as separate studies. Similarly, where a study covered more than one African country, then it was counted as one study that had provided multiple data points (reflecting the number of countries). There was no restriction on language of publication. Study authors were contacted to clarify or provide additional information on participants’ age, definition of hypertension employed or on the prevalence in specific groups as necessary.
Data extraction
Data were extracted onto a preformatted previously piloted form in Excel. They included the study’s primary author, year of publication, setting, socio-demographics, objective, study design, study population, sampling procedure and size, participation rate, anthropometry, dietary and behavioural lifestyles, method of BP measurement, and the prevalence of hypertension and its grades where available [26]. The presence of co-morbidities such as diabetes or chronic kidney disease was recorded. Body mass index (BMI) cut off points of <18.5 kg/m2 defined underweight, 18.5–24.9 kg/m2 was normal weight, 25.0–29.9 kg/m2 was overweight and 30.0 kg/m2 was obese [20].
Evaluation of study quality
The quality of the included studies was evaluated by two authors (WKB, JMKA) using the Hoy et al [30] tool which has been specifically validated for cross-sectional studies. The tool assesses external validity based on factors such as the representativeness of the sample, participation rate, and sampling methods. The internal validity is based on factors such as direct data collection from subjects or from proxy, suitability of case definition, reliability of study instrument, application of same measurement methods for all subjects and appropriateness of exposure period for the development or presence of hypertension in the subjects. In line with best practice, we avoided scoring the criteria [31] and instead, classified each study’s risk of bias as low, moderate and high based on an overall judgement on our confidence in the prevalence estimate after applying the criteria [30].
GRADE assessment of the overall quality of evidence
The overall confidence in the estimates from the meta-analysis was assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE), adapting the principles for rating systematic review of prognostic studies [32]. The overall level of evidence was rated as “high” where there is a high level of confidence that the pooled estimate lies close to the true population estimate or as “very low” where the confidence was very low. The rating categories in between were “moderate” and “low”. Unlike systematic reviews for treatment studies, the initial level of confidence in the estimates from longitudinal prognostic studies is rated as high [32]. Our initial level of confidence in the estimates from the prevalence studies was rated as moderate.
The five domains GRADE—risk of bias, imprecision, inconsistency, indirectness, and publication bias were considered in downgrading confidence in the overall estimate while the criteria of large effect, dose response gradient, and direction of plausible confounding were considered in upgrading the confidence in the estimates.
Data analysis
The overall pooled prevalence across studies was estimated using a random effects model which involved first stabilizing the variances of the prevalence estimates through Freeman Tukey arcsine transformation [33]. Heterogeneity between the included studies was assessed with the chi-squared test on Cochran’s Q (alpha set at 0.1) statistic [34] and the Higgins and Thompson’s I2 statistic [35]. Separate sub-group analyses were performed based on sex, age group, urban-rural residence, sub-region, study design and year of publication grouped in 5-year periods. To further explore heterogeneity, we performed a post-hoc random-effects meta-regression analysis using the residual restricted maximum likelihood method [36]. We included five continuous covariates (study year, publication year sample size enrolled, percentage of obesity and percentage with no education in the total sample) and one categorical variable (automated versus manual type blood pressure monitor) individually in the model. In the combined model, we included four covariates which enabled a yield of ten or more observations for analysis.
We assessed the effect of excluding studies deemed to be at high risk of bias on the pooled estimate. We performed an influence analysis by computing the summary estimate of the prevalence of hypertension after removing one included study at a time. Forest plots provided a visual image of the point and 95% interval prevalence estimate as well as the summary estimate. Statistical analyses were performed in Stata version 14 [37].
The presence of reporting bias was determined through funnel plot asymmetry, Duval and Tweedie’s trim and fill technique [38] and Egger’s test [39]. Statistical significance was fixed at p value <0.05. The reporting of this review conforms to the PRISMA 2009 guidelines (S2 Table).
Results
Study flow and characteristics
The literature search including the hand-search yielded 10,719 articles, out of which 1,944 duplicate studies were excluded (Fig 1). Following the title and abstract review, 103 full-text articles were retrieved and evaluated for inclusion. Forty of these full-text articles were excluded for various reasons such as using self-reported estimate of hypertension or not estimating the prevalence of hypertension at all (Fig 1, S3 Table). Of the remaining 63 eligible full text articles, 34 unique studies published from 2005 to 2018 were retained for analysis, after taking into account, multiple studies on the same study subjects (S4 Table). These studies, three of which covered multiple countries or cohorts, provided a total of 37 data contributions (Table 1). Four (11.7%) studies were published in 2005–2009, 18 (52.9%) in 2010–2014 and 12
(35.3%) in 2015–2018 (Table 1). The earliest reported start year of the data collection was October 2000 [40] while the latest reported end date was 2016 [65]. The duration of data collection ranged from 2.5 months [69] to 24 months [58].
Two sets of studies covered two different countries (Central African Republic and Congo) were analyzed separately for each country [48, 68]. One longitudinal study in Nigeria covering two different time periods, six years apart, provided two data points [64]. Multiple publications reporting the prevalence of hypertension on the same study sample was observed in 19 (51.4%) studies. The most prolific involved nine papers published from the Study on global AGEing and adult health (SAGE) in South Africa in which the dataset was publicly available (S4 Table) [67].
The included studies were all original articles except for one dissertation [65]. Thirty-one data contributions (83.8%) were cross-sectional in design and six were follow-up studies. Eleven (29.7%) involved demographic surveillance sites or a population cohort. In half of the 34 studies, hypertension was part of the main objective of the study.
Thirty-one (91.2%) studies were published in English and three (8.8%) in French. Only five (13.5%) data contributions were from national studies (Table 1). The included data contributions were conducted in 15 countries—eight in Nigeria, five in Tanzania, four studies in Ghana, three in Uganda, two each in Central African Republic (CAR), Congo, Kenya, Senegal, South Africa and Tunisia and one each in Algeria, Burkina Faso, Cameroon, Egypt and Seychelles. Thus, there were two (5.4%) data contributions from southern Africa, four (10.8%) from northern Africa, five (13.5%) from central Africa, 11 (29.7%) from eastern Africa and 15 (40.5%) from western Africa. Nine (24.3%) data contributions covered rural populations, eight (21.6%) covered urban populations while the remaining 20 (54.1%) covered mixed populations.
A total of 43,025 subjects and a median of 598 subjects were enrolled across the data contributions (Table 1). In the individual studies, the total sample size ranged from 46 to 4,724 participants. The lowest number of participants were observed in studies from the eastern Africa, in urban populations or conducted in the 2005–2009 period. Their ages ranged from 50 to 110 years [72]. The sex distribution of participants was provided by 32 studies which reported a median of 254 males and 391 females. In these studies, females constituted 54.2% of the total number of enrolled subjects. Of the total enrolled subjects, 95.6% (range 12.5% - 100%) had their blood pressures measured.
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Fig 1. PRISMA flow diagram showing study selection.

https://doi.org/10.1371/journal.pone.0214934.g001
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In 23 studies reporting educational attainment of the enrolled participants, the proportion who did not have any formal education ranged from 12.1% [62] to 93.8% [41]. In thirteen of these studies, more than half of participants did not have any education. Study participants were also widely diverse in their body build. In the 13 studies that reported this information, the proportion who were overweight or obese (body mass index  25 kg/m2) ranged from 0.8% [55] to 80.0% [49].
Two studies [45, 52], both published in 2013, did not explicitly provide the blood pressure cut-offs used to define hypertension. Contacts with the study authors failed to elicit this information. They were both deemed to have used the 140/90mmHg cut-off in line with the JNC 7.
Blood pressure measurement
Of the 34 included studies, five [42, 44–46, 56] did not provide information on how blood pressure was measured. Studies that did, only provided scant information which showed differences in the protocol in terms of the number of visits at which blood pressure was measured, frequency of measurements per visit, the readings used in the analysis, the posture of the subject and the part of the body on which measurements were taken (Table 2).
For most studies, the initial rest period before measurements were taken ranged from 5 minutes to at least 30 minutes. All but one study measured the blood pressure at a single visit. The one study using multiple visits measured blood pressure for all subjects daily for three days along with interviews about food frequency [65]. The frequency of measurements at a visit ranged from one to four. Of the 23 studies reporting which blood pressure measurements were used in the analysis, 11 (47.8%) reported using the mean of the last two of three readings while one used the median of three readings. Five studies reported analysing the mean of the two recorded blood pressures.
Except for three studies which measured the blood pressure in the supine position, all the studies had their subjects seated upright. Blood pressures were mostly taken on the arm but were taken on the wrist in two studies [59, 71] or on either the either the arm or wrist in one study [67]. Majority of studies measured the blood pressure on right arm although three studies measured it on either arm [55] or on both arms [48, 68]. Electronic automated blood pressure monitors were mostly used although a few studies used the standard mercury sphygmomanometer. Those taking the blood pressure measurements also varied from well-trained professional doctors to non-medical workers.
Prevalence of hypertension
The prevalence of hypertension ranged from 22.3% in community-based elderly residents in the Yoruba-speaking areas of Nigeria [56] to 90.0% among elderly residents in Umlazi township in South Africa [60, 74]. A combined total of 23,508 (57.2%) participants across the studies who had their blood pressure measured or who were on anti-hypertensive medication 
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were reported to have hypertension. The overall pooled estimate across 37 data points from the random effects model was 57.0% (95% CI 52%-61%; Fig 2). It was not statistically significantly different between cross-sectional studies [56.0% (95% CI 51.0%-61.0%)] and follow-up studies [59.0% (51.0%-67.0%)].
The pooled prevalence of hypertension of 78.0% (95% CI 77.0%-80.0%) in southern Africa was much higher than that in the other sub-regions of Africa where it ranged from 53% to 58% (Fig 2). The differences in the pooled prevalence of hypertension in the sub-regions other than southern Africa were not statistically significant. In terms of geolocality, the pooled prevalence of hypertension in urban residents was slightly higher than in rural populations but the difference was not statistically significant [57.0% (95% CI 52.0%-61.0%) versus 56.0% (95% 41.0%70.0%); Fig 3]. Five of the nine studies in rural populations involved subjects aged 70 years and older. In the studies involving residents from both rural and urban areas, the pooled prevalence was 53.0% (95% CI 48.0%-59.0%).
The overall pooled estimate from 13 studies reporting sex-specific prevalence of hypertension was 55.0% (95% CI 46.0%-63.0%) among males and 56.0% (95% CI 45.0%-67.0%) among females (Figs 4 and 5). In eight studies, the prevalence of hypertension was higher in females than in males [43, 49, 50, 57, 61, 67, 70, 71] while in the other five, it was higher in males (Table 1) [52, 55, 59, 65, 72].
The prevalence of hypertension increased with age. Twenty-six data contributions reported the age distribution of the older subjects (S1 Fig). In 14 of them, less than half of the subjects were aged 70 years and older. In the other twelve, this age group constituted at least half of the sample. The pooled prevalence of hypertension of the younger sample from the random effects model was 53.0% (95% CI 45.0%-61.0%) while that of the older sample as 61.0% (95% CI 54.0%-68.0%). In the third category in which the age distribution with respect to those aged 70 years and older was unknown, the summary prevalence was 57.0% (95% CI 52.0%-61.0%).
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In the few individual studies reporting age-specific prevalence of hypertension, the prevalence was 3.5 to 13.5 percentage points higher in the oldest age group than in the youngest age group [43, 65, 68, 75]. The increase in the prevalence of hypertension with age was rarely monotonic [65] and tended to peak in the middle or penultimate age group [49, 68, 72, 75]. In all the studies in which the relationship between age and hypertension was investigated through multivariate analysis, older age group was independently associated with hypertension [43, 57, 68, 76, 77].
The prevalence of hypertension increased by the year group of publication, but the differences were not statistically significant. In the four data contributions published in 2005–2009, the prevalence ranged from 24.0% to 70.0% with a pooled estimate of 51.0% (95% CI 30.0%71.0%). The overall pooled estimate for the 20 data points from studies published in 2010– 2014 was 54.0% (95% CI 47.0%-61.0%) while that for the 13 data points from studies published in 2015–2019 was 62.0% (95% CI 55.0%-69.0%). However, the difference became statistically significantly when the studies were dichotomized into those
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published before the median publication year, 2013 (47.0%, 95% CI 40.0%-55.0%) versus those published at or after the median year (63.0%, 95% CI 57.0%-69.0%). In a cohort of elderly adults in the Ibadan Ageing Study in Nigeria, the prevalence of hypertension declined slightly from a baseline of 62.1% to 60.9% six years later [64]
The relationship between body mass index (BMI) and hypertension was reported by 13 studies. In multivariate analyses, older adults who were overweight or obese were up to 3.5 times as likely as those with normal BMI to have hypertension [72, 76, 77]. A dose-response relationship was observed in several studies [49, 78, 79].

Evaluation of bias and sensitivity analysis
Using the Hoy tool [30], we determined that eight studies had a high risk of biased estimate [44, 46, 51, 52, 54, 62, 65, 66] and nine studies [40, 47, 53, 56, 57, 61, 67, 69, 70] had a moderate-risk of bias while the remaining 17 studies had low risk of bias (S5 Table). The pooled prevalence of hypertension did not differ by the study’s evaluated risk of bias (S2 Fig). The prevalence of hypertension in high and low risk biased studies was 50.0% (95% CI 42.0%59.0%) and 56.0% (95% CI 50.0%-62.0%) respectively. Excluding the studies with high risk of bias did not have any significant impact of the pooled prevalence of hypertension.
In the influence analysis, the removal of a high prevalence (77.4%, 95% CI 76.0%-78.7%) study [67] resulted in a significant reduction in the pooled estimate from 57.0% (95% CI 52%61%) to 55.9% (95% CI 55.4%-56.4%) (S3 Fig). Conversely, the omission of two studies, one at a time, with respective low prevalence of 24.1% (95% CI 21.4%-27.0%) [55] and 47.8% (95% CI 46.3%-49.3%) [62] resulted in a significant increase of the overall pooled prevalence to 59.3% (95% CI 58.9%-59.8%) and 59.5% (95% CI 59.0%-60.0%). Thus, while the removal of these three studies, in turn, resulted in a significant change in the summary estimate, the magnitude of the change was small—within 2.5 percentage points of the original summary estimate.
Sources of heterogeneity
The I2 statistic measures the proportion of the total variability explained by heterogeneity while the Cochran’s Q statistic tests whether all studies are evaluating the same effect. There was substantial heterogeneity across the included studies as indicated by the I2 statistic of 98.9% and the heterogeneity chi-square test (p <0.0001). The sub-group analysis based on sex, study design, type of residence or sub-region failed to reveal any source for the heterogeneity. The chi-squared statistical tests for subgroup differences consistently yielded p values <0.001.
In the univariate meta-regressions, the percentage of obesity in the total sample was the only statistically significant covariate, explaining 23.2% of the between-study heterogeneity in the prevalence of hypertension (S6 Table). The study year, publication year, sample size, percentage with no education and the type of blood pressure device did not explain any of the heterogeneity. However, in the combined model, the study year, publication year and the percentage obesity explained more of the heterogeneity (I2 = 87.5%, tau2 = 0.008 and adjusted R2 = 50.0%). The prevalence of hypertension increased with increasing year of publication and percentage obesity.
Reporting bias
The presence of reporting bias was assessed by visually inspecting funnel plots for asymmetry. There was no evidence of asymmetry across all studies or by subgroups (S4 Fig). The Egger test failed to provide evidence for small-study effects on the prevalence (p value for bias = 0.711). Consistent with the Egger test, the ‘Duval and Tweedie’s trim and fill technique, which adjusts the pooled effect estimates to account for funnel plot asymmetry did not show evidence of reporting bias. The estimated prevalence from the random effects model between the observed and the adjusted values from filled model were the same (56.0%, 95% CI 51.4%-
60.7%).
GRADE assessment of quality of evidence
The data provided moderate quality evidence of the overall pooled prevalence although the study designs of the included studies were observational and so precluded blinding or randomization to reduce bias. We did not find any statistically significant differences in the pooled estimate by the level of bias in the studies. The influence analysis identified three studies with significant but small effect on the pooled estimate.
The evidence is however rated as very low on consistency due to the considerable heterogeneity and as moderate on precision due to the narrow confidence intervals engendered by the large sample size. Many studies recruited representative samples drawn from the general population and so we are moderately confident about their generalizability or applicability. On the publication bias domain, we have moderate confidence in the findings as we did not find sufficient evidence of publication bias from the funnel plots or Egger’s test.
Discussion
We estimated that 57% of the adults aged 50 years in Africa had hypertension. This estimate is similar to the only other published review in which 55.2% of adults aged 55 years and older had hypertension [19]. In younger adults, the estimated prevalence is 30.0% to 30.8% [5, 6] in Africa or Sub-Saharan Africa [10].
As with other reviews in Africa, the pooled prevalence in our review was higher in urban than in rural populations but the difference was not statistically significant [6, 10, 80]. However, it is generally held that, a significantly greater proportion of urban populations are affected than rural populations [19]. The prevalence of hypertension in rural Africa appears to be much higher than previously thought and the urban-rural differences appear to be declining probably due to nutritional transition [5, 11, 12, 81–83].
Consistent with the recent review in older persons, we did not find statistically significant differences in the prevalence of hypertension by sub-region or sex [19]. Our findings are consistent with one review that found that the highest prevalence occurred in northern and southern Africa [5] but differ from those of another review that found that the lowest prevalence occurred in southern Africa [19]. The distribution of hypertension on the African continent may reflect that of body mass index, one of its major determinants [84–86].
The sex differences in hypertension have been variable. Consistent with our findings, other regional meta-analyses in Africa did not find significant sex differences [6, 10] while others reported higher male prevalence [5, 7]. In individual studies in older persons in Africa in which multivariable analyses were performed, female sex predicted a higher prevalence of hypertension [41, 43, 76, 77, 87] while in others sex was not independently associated with hypertension [49, 57, 67].
Very few systematic reviews and meta-analyses in Africa have assessed trends over time in the prevalence of hypertension. One review estimated an increase in the pooled prevalence from 19.7% in 1990 to 27.4% in 2000 and to 30.8% in 2010 [5]. Another study estimated an increase from 16.2% (95% CI 14.2–20.3) in 2008 to 17.4% (95% CI 15.4–22.6%) in 2025 [88]. More recently, the NCD Risk Factor Collaboration estimated that the age-standardized prevalence of raised blood pressure decreased globally but remained unchanged at around 34% in Sub-Saharan Africa in adults aged 18 years and older from 1975 to 2015 [89]. In Seychelles, the prevalence declined from 45% to 40% after a period of 15 years [90]. In the current review, the prevalence of hypertension increased by year of publication in the multivariate meta-regression model but not in the univariate model. More longitudinal studies are needed to better understand the trends in hypertension in Africa.
As expected, the prevalence of hypertension increased with BMI status in older people even after adjusting for potential confounders. A study involving institutional older adults in Tunisia also found that hypertension was 80% higher in obese subjects (86.9%) than in subjects with normal BMI [91]. Obesity is a well-recognized driver of hypertension in Africa with obese subjects being up to eight times as likely as those non-obese to have hypertension [86, 92, 93]. In view of the predominant association of overweight/obesity with hypertension and its increasing trend in Africa, there is an opportunity to explore the role of lifestyle interventions on improving the cardiovascular health of older adults [94, 95].
Overall, our review provided greater accuracy but confirmed most of the findings of the only other published review [19]. In particular, the pooled prevalence of hypertension was similar, and it did not vary significantly by age group, sex or sub-region. This was in spite of the fact that the target age group differed between the two reviews and there were only nine overlapping studies.
Strengths and limitations
Our review adds to the scant knowledge on the prevalence of hypertension in older adults in Africa. To our knowledge, it is the first to focus on studies conducted exclusively among older adults aged 50 years and older in Africa. It is comprehensive in scope–covering multiple languages, study designs and article types. A major strength Is that the review captured studies in which the estimation of the prevalence was not the main objective of the study. It respects the PRISMA guidelines. We performed several quality assessments including the evaluation of the risk of bias in the included studies, performing sensitivity analysis, influence analysis and GRADE assessment of the meta-analysis.
Our review has some limitations. The major one is the substantial heterogeneity which undermine the pooling of the prevalence estimates and suggest that chance could be responsible for the between-study variability. Several other meta-analyses have reported similarly high levels of heterogeneity (I2 statistic 96%-99.5%) which may be due to the differences in the study participants, measurement methods and study design [6, 19, 96, 97]. We found that the participants included in our review differed widely in terms of their age distribution, proportion with no education and proportion who were obese. Moreover, their blood pressures were measured and captured for analysis using different methods. Sub-group analyses could not identify the sources of the heterogeneity. However, meta-regression analyses suggested that the obesity, year of publication and the study year explained some of the heterogeneity. Given the high heterogeneity, caution needs to be exercised in the interpretation of the findings. The cross-sectional design of most of the included studies is liable to such biases as selection and survival bias and explain moderate GRADE quality assessment of the meta-analysis. Future and on-going longitudinal studies in older adults may reduce some of these biases while allowing the trends in the prevalence of hypertension to be better measured.
It is not possible to impute causality between the explanatory variables and the main outcome in our review. Information on several variables was incomplete in some studies making comparison difficult. Given the low level of literacy among this older population, the date of birth of some participants was not always known and so their age was estimated using prominent historical local or national events [46, 63].
Two of the 34 papers did not explicitly provide information on the blood pressure threshold used to define hypertension. As the papers had been published recently, we assumed that they had used the 140/90mmHg cut-off. We do not think that this assumption had any impact on our findings. Support for our assumption was obtained in a paper published by the authors of one of the two studies in an adjoining governorate in Egypt in the same year in which their stated definition of hypertension was consistent with the above cut-off [98]. Moreover, the sensitivity analysis did not show that the findings from these papers had unduly affected the overall pooled estimate.
All but one of the included studies involved single visit blood pressure measurements, and so could overestimate the true prevalence of hypertension. One included study which used ambulatory blood pressure monitoring reported a 55.7% prevalence compared with 78.5% prevalence on the same subjects measured using conventional methods [53].
Conclusions
In conclusion, we have estimated, after a comprehensive and meticulous study selection and analysis that, nearly three out of five older adults in rural and urban Africa have raised blood pressure. This review shows that the proportion has gradually increased between 2005 and 2018 and is high in the different sub-regions. Increasing obesity likely explains some of the increase in the prevalence of hypertension in older adults. Unfortunately, the older age group receives little priority in national and regional health programmes [99]. Given that, cardiovascular diseases can be prevented or managed in older adults, we call on health authorities to prioritize policies and commission and develop programmes to support the improvement of the cardiovascular health of older population in Africa while ensuring that younger adults stay healthy. Our findings suggest that weight reduction should be an important component of such programmes. These policies and programmes ought to be evaluated to see what works to promote active ageing. It is imperative that this is addressed within the framework of a life course approach and a national ageing programme, with support from the African Union, United Nations, Regional Economic Communities and the civil society. Older adults should be empowered and supported to organise themselves into active social and functional groups to serve as advocates and channels for improved health and social service delivery.
There is an urgent need for further research on hypertension in older adults on the continent. Longitudinal studies which use consistent study methods and blood pressure measurement protocol can fill in some of the data gaps including the trends and determinants of hypertension.
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Figure A1:	 Prevalence estimates of hypertension stratified by risk of bias
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Figure A2:	 Influence analysis showing effect of omitting one study at a time on the pooled estimate of the prevalence of hypertension in older adults in Africa
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[bookmark: _Toc51472167]Table A1  Search strategy for Ovid Medline and Embase databases

	#
	Search words

	1
	exp hypertension/ep, et, pc [Epidemiology, Etiology, Prevention]

	2
	(Hypertensi* or "blood pressure" or cardiovascular or cardiometabolic).ab.

	3
	1 or 2

	4
	exp prevalence/

	5
	exp incidence/

	6
	(Prevalence or proportion or survey or descriptive or cross-sectional or cohort or longitudinal or "attributable fraction" or incidence).sh.

	7
	4 or 5 or 6

	8
	exp Africa/

	9
	indian ocean/ or exp mauritius/ or exp reunion/ or exp seychelles/

	10
	(africa* or algeria* or angola* or benin* or botswana* or burkina* or burundi* or cameroon* or canary islands or cabo verde or cape verde* or central african republic or chad or comoros or comores or congo* or democratic republic of the congo or djibouti or egypt* or equatorial guinea* or eritrea* or ethiopia* or gabon* or gambia* or ghana* or guinea* or bissau or cote d'ivoire or kenya* or lesotho or liberia* or libya* or jamahiriya or jamahiryia or madagascar or malawi* or mali* or mauritania* or mauritius or morocc* or mozambi* or mocambique or namibia* or niger* or nigeria* or reunion or rwanda* or sao tome or senegal* or seychelles or sierra leone* or somalia* or south africa* or st helena or sudan* or swazi* or tanzania* or tanganyika or togo* or tunisia* or uganda* or western sahara or zaire* or zambia* or zimbabwe*).sh.

	11
	8 or 9 or 10

	12
	3 and 7 and 11

	13
	limit 12 to ("middle age (45 to 64 years)" or "all aged (65 and over)"

	14
	limit 13 to humans

	15
	limit 14 to yr="1980 -Current"
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[bookmark: _Toc51472168]Table A2  Background characteristics of study sample and prevalence of hypertension in reviewed studies

	Primary Reference
	Data collection period
	Sub-region in Africa
	Country
	Location
	Type of residence
	Type of community-based participants
	Enrolled sample size sex
	Response rate
	Age in years
	Prevalence ≥140/90 mmHg

	
	
	
	
	
	
	
	Men
	Women
	Total
	Enrolment
	BP measured
	Range
	% aged 70+ years
	Mean age ± sd
	Men
	Women
	Total

	Abegunde 2013 (Abegunde & Owoaje, 2013)
	
	Western
	Nigeria
	Oyo State
	Mixed
	Adults aged ≥60 years 
	245
	385
	630
	98.4
	95.2
	60 - 110
	57.9
	72.2 ± 9.5 (urban), 70.8 ± 8.1 (rural)
	NR
	NR
	36.5

	Chami 2015 (Chami et al., 2015)
	15 Jan 2012 - 15 Jun 2012
	Northern
	Algeria
	Municipality of Sidi Bel-Abbes
	Urban
	Adults aged ≥65 years with diabetes
	159
	234
	393
	92.5
	100.0
	NR
	NR
	75.9 ± 7.1
	NR
	NR
	78.1

	Dewhurst 2013 (Dewhurst et al., 2013)
	1 Nov 2009 - 31 Jul 2010
	Eastern
	Tanzania
	Hai district
	Rural
	Adults aged ≥70 years 
	972
	1251
	2223
	93.5
	99.6
	NR
	100.0
	NR
	62.2
	75.8
	69.9

	Duboz 2015 (Duboz et al., 2015)
	Ferlo, Aug 2010; Dakar 2008
	Western
	Senegal
	Ferlo village; Dakar city
	Mixed
	Adults aged ≥50 years 
	285
	413
	698
	NR
	100.0
	NR
	30.2
	Dakar 65.37 ± 9.93; Ferlo 62.22 ± 8.73
	NR
	NR
	59.2

	El Tallawy 2012 (El Tallawy et al., 2012)
	1 Apr 2005 - 31 Jul 2005
	Northern
	Egypt
	Al Kharga district
	
	Adults aged ≥50 years 
	NR
	NR
	219
	>99%
	74.9
	NR
	NR
	NR
	NR
	NR
	31.1

	Fajemilehin 2005 (Fajemilehin et al., 2005)
	
	Western
	Nigeria
	Ife Central, Ilesa West and Obokun LGAs in Osun State
	Mixed
	Adults ≥60 years
	NR
	NR
	681
	
	97.2
	NR
	NR
	NR
	NR
	NR
	68.1

	Gray 2016 (Gray et al., 2016)
	Jan 2013 - May 2013
	Eastern
	Tanzania
	Hai district
	Rural
	Elderly people aged ≥70 years 
	835
	1038
	1873
	83.9
	99.6
	NR
	100.0
	NR
	NR
	NR
	73.2

	Guerchet 2012A (Guerchet et al., 2012b)
	Sept 2008 - Mar 2009
	Central
	CAR
	Bangui
	Urban
	Adults aged ≥65 years
	NR
	NR
	496
	97.4
	99.6
	NR
	NR
	NR
	NR
	NR
	51.8

	Guerchet 2012B (Guerchet et al., 2012b)
	Sept 2008 - Mar 2009
	Central
	Congo
	Brazzaville
	Urban
	Adults aged ≥65 years
	NR
	NR
	520
	95.2
	99.8
	NR
	NR
	NR
	NR
	NR
	55.7

	Hammami 2011 (Hammami et al., 2011)
	Dec 2008 -  Feb 2009
	Northern
	Tunisia
	Centre-ouest
	Urban
	Adults aged ≥65 years 
	202
	396
	598
	100.0
	100.0
	65-95
	62.0
	72.3 ± 7.4
	45.0
	55.6
	52.0

	Hien 2014 (Hien et al., 2014)
	Aug 2012- Dec 2012
	Western
	Burkina Faso
	Bobo-Dioulasso
	Urban
	Elderly aged ≥60 years 
	215
	174
	389
	100.0
	100.0
	NR
	39.3
	69 ± 7
	79.1
	86.2
	82.3

	Ice 2008 (Ice et al., 2008)
	2005
	Eastern
	Kenya
	Nyando, and Kisumu Rural districts in Nyanza province
	Rural
	Grandparent caregivers and non-caregivers aged >60 years
	138
	149
	287
	NR
	100.0
	NR
	NR
	72.6 ± 7.6
	NR
	NR
	24.4

	Iribhogbe 2013 (Iribhogbe, 2013)
	Aug 2012 - Oct 2012
	Western
	Nigeria
	Ekpoma Esan West Local Government Area of Edo State
	Urban
	Church attendants aged ≥50 years 
	100
	100
	200
	100.0
	100.0
	NR
	23.5
	67.55 ± 16.61
	58.0
	35.0
	46.5

	Ivy 2015 (Ivy et al., 2015)
	6 March 2013 - 1 June 2013
	Eastern
	Tanzania
	Hai district
	Rural
	Adults aged ≥70 years in 2 villages
	42
	37
	79
	95.2
	100.0
	NR
	100.0
	median 76y
	NR
	NR
	78.5

	Kamoun 2006 (Kamoun et al., 2006)
	Oct 2000 - Sept 2001
	Northern
	Tunisia
	National
	Mixed
	Adults aged ≥65 years
	487
	494
	981
	98.2
	100.0
	65 - 104
	65.3
	73.1 ± 6.8
	NR
	NR
	69.8

	Kinyanda 2016 (Kinyanda et al., 2016)
	June 2009 - Apr 2010
	Eastern
	Uganda
	Rural area of Masaka district, and peri-urban Wakiso district
	Mixed
	Adults aged ≥50 years participating in the Wellbeing of Older People’s Cohort Study 
	176
	292
	468
	99.4
	100.0
	NR
	31.8
	NR
	NR
	NR
	37.2

	Koopman 2012 (Koopman et al., 2012b)
	2009
	Western
	Ghana
	Garu-Tempane District
	Rural
	Registered adults aged ≥50 years
	480
	444
	924
	85.4
	100.0
	NR
	35.3
	NR
	25.6
	22.5
	24.1

	Lasisi 2010 (Lasisi et al., 2010)
	2008
	Western
	Nigeria
	8 contiguous Yoruba-speaking states in the Nigeria
	Mixed
	Adults aged ≥65 years
	NR
	NR
	1474
	78.7
	12.5
	NR
	92.2
	NR
	NR
	NR
	22.3

	Macia 2012 (Macia et al., 2012)
	Jan 2009 - Jun 2009
	Western
	Senegal
	Dakar
	Urban
	Adults aged ≥50 years 
	263
	237
	500
	NR
	100.0
	NR
	19.2
	NR
	63.9
	67.1
	65.4

	Mathenge 2010 (Mathenge et al., 2010)
	Jan 2007 - Dec 2008
	Eastern
	Kenya
	Nakurua district
	Mixed
	Adults aged ≥50 years
	2095
	2301
	4396
	87.7
	100.0
	50 - 80+
	26.4
	NR
	NR
	NR
	50.1

	Minicuci 2014 (Minicuci et al., 2014)
	Jan 2007 - Dec 2008
	Western
	Ghana
	National
	Mixed
	Adults aged ≥50 years 
	2348
	2376
	4724
	95.9
	100.0
	NR
	32.5
	NR
	51.5
	50.7
	51.1

	Mkhize 2013 (Mkhize et al., 2013)
	2008
	Northern
	South Africa
	Umlazi, Kwazulu Natal
	
	Registered pensioners aged ≥60 years 
	46
	224
	270
	NR
	100.0
	NR
	NR
	NR
	NR
	NR
	90.0

	Mugisha 2013 (Mugisha et al., 2013)
	Jan 2012 - Jan 2013
	Eastern
	Uganda
	Kalungu district
	Rural
	Adults aged ≥50 years
	605
	844
	1449
	72.3
	100.0
	NR
	27.7
	median 62
	36.5
	38.3
	37.5

	Nuertey 2017 (Nuertey et al., 2017)
	Apr 2014 - Dec 2014
	Western
	Ghana
	National
	Mixed
	Registered pensioners who presented for medical screening
	3069
	1402
	4471
	93.0
	99.2
	Min 56
	28.5
	67.2 ± 5.4
	NR
	NR
	47.8

	Ochayi 2006 (Ochayi & Thacher, 2006)
	Jan 2002 - Dec 2002
	Western
	Nigeria
	Jos South Local Government Area
	Mixed
	Adults aged ≥65 years
	136
	144
	280
	94.9
	100.0
	NR
	NR
	73.0 ± 9.0
	NR
	NR
	39.6

	Ogunniyi 2011A (Ogunniyi et al., 2011)
	2001 - 2007
	Western
	Nigeria
	Elderly Yoruba residents 65+ years in Idikan Ward of Ibadan City, Nigeria
	Mixed
	Subjects without dementia aged ≥65 years from a 2001 baseline cohort
	892
	1826
	2718
	Number eligible in 2001 not reported
	99.5
	NR
	NR
	76.18 ± 5.35; 77.51 ± 6.03
	NR
	NR
	62.1

	Ogunniyi 2011B (Ogunniyi et al., 2011)
	2001 - 2007
	Western
	Nigeria
	Elderly Yoruba residents 65+ years in Idikan Ward of Ibadan City, Nigeria
	Mixed
	Non-demented subjects aged ≥65 years from the 2001 evaluation wave who were re-evaluated during the 2004 and 2007 waves for dementia
	543
	1210
	1753
	64.5
	64.5
	NR
	NR
	NR
	NR
	NR
	60.9

	Osman 2017 (Osman, 2017)
	Nov 2016 - Dec 2016
	Western
	Ghana
	4 districts in Ashanti Region
	Mixed
	Adults aged ≥65 years
	135
	265
	400
	100.0
	100.0
	NR
	NR
	NR
	57.8
	52.5
	54.3

	Paddick 2015 (Paddick et al., 2015)
	Apr 2010 - Mar 2014
	Eastern
	Tanzania
	Hai district
	Rural
	Adults aged ≥70 years with mild cognitive impairment
	10
	36
	46
	15.5
	15.5
	NR
	100.0
	NR
	NR
	NR
	69.6

	Peltzer 2013 (Peltzer & Phaswana-Mafuya, 2013a)
	2007
	Southern
	South Africa
	National
	Mixed
	Adults aged ≥ 50 years
	1638
	2202
	3840
	60.0
	95.6
	NR
	23.8
	
	74.4
	79.6
	77.4

	Pilleron 2017A (Pilleron et al., 2017)
	Nov 2011 - Dec 2012
	Central
	CAR
	Bangui, Nola
	Mixed
	Adults aged ≥65 years
	366
	601
	967
	94.7
	100.0
	65 - 93
	60.4
	72.8 ± 6.5, 72.6 ± 6.4
	NR
	NR
	53.7

	Pilleron 2017B (Pilleron et al., 2017)
	Nov 2011 - Dec 2012
	Central
	Congo
	Brazzaville, Gamboma
	Mixed
	Adults aged ≥65 years
	400
	623
	1023
	94.7
	100.0
	65 - 99
	66.8
	74.0 ± 6.9; 73.6 ± 6.7
	NR
	NR
	68.0

	Putnam 2018 (Putnam et al., 2018)
	29 Feb 2016 - 13 May 2016
	Eastern
	Tanzania
	Hai district
	Rural
	Sub-sample of a cohort aged ≥70 years who were seen at baseline in 2009/10, and also in 2012/13
	116
	130
	246
	59.7
	100.0
	NR
	100.0
	NR
	NR
	NR
	67.5

	Raji 2017 (Raji et al., 2017)
	Baseline cohort of 2003/2004 followed up in Wave 1 in 2007
	Western
	Nigeria
	8 contiguous states in the Southwestern and North central regions
	Mixed
	Adults aged ≥ 65 years, part of Ibadan Study of Ageing
	660
	809
	1469
	76.8
	100.0
	NR
	79.0
	76.9 ± 8.4
	62.0
	70.7
	66.8

	Scholten 2011 (Scholten et al., 2011)
	Jun 2009 - Apr 2010
	Eastern
	Uganda
	Rural area of Masaka district, and peri-urban Wakiso district
	Mixed
	Adults aged  ≥50 years
	198
	312
	510
	>99%
	100.0
	NR
	34.9
	NR
	30.3
	34.6
	32.9

	Tianyi 2017 (Tianyi et al., 2018)
	May 2013 - July 2013
	Central
	Cameroon
	Batibo health district
	Rural
	Adults aged ≥50 years
	156
	345
	501
	
	100.0
	50 - 110
	24.2
	62.7 ± 9
	60.9
	55.7
	57.3

	Yerly 2013 (Yerly et al., 2013)
	2004
	Eastern
	Seychelles
	National
	Mixed
	Adults aged 50 to 64 years
	151
	178
	329
	83.7
	93.2
	50 - 64
	0.0
	NR
	NR
	NR
	69.9






[bookmark: _Toc51472169]Table A3  Evaluation of the risk of bias in included studies on the meta-analysis of the prevalence of hypertension based on the Hoy criteria

	#
	Primary Reference
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Overall risk of study bias 

	1
	Tianyi 2017
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	2
	Pilleron 2017A
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	3
	Pilleron 2017B
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	4
	Guerchet 2012A
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	5
	Guerchet 2012B
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	6
	Mathenge 2010
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	7
	Ice 2008
	High risk
	High risk
	
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	8
	Yerly 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	9
	Dewhurst 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	10
	Ivy 2015
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	11
	Paddick 2015
	Low risk
	High risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	12
	Gray 2016
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	13
	Putnam 2018
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	14
	Mugisha 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	15
	Kinyanda 2016
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	16
	Scholten 2011
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	17
	Chami 2015
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	18
	El Tallawy 2012
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	19
	Hammami 2011
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	20
	Mkhize 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	21
	Peltzer 2013
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	22
	Hien 2014
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	23
	Minicuci 2014
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	24
	Koopman 2012
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	25
	Nuertey 2017
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	26
	Osman 2017
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	27
	Fajemilehin 2005
	High risk
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	28
	Ochayi 2006
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	29
	Lasisi 2010
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	30
	Ogunniyi 2011A
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	31
	Ogunniyi 2011B
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	32
	Raji 2017
	High risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	33
	Iribhogbe 2013
	High risk
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	34
	Abegunde 2013
	Low risk
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk

	35
	Macia 2012
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Moderate risk

	36
	Duboz 2015
	High risk
	High risk
	High risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	High risk

	37
	Kamoun 2006
	Low risk
	Low risk
	Low risk
	High risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk




List of 10 questions (Q1 – Q10) applied to the studies (Hoy et al., 2012):

1. Was the study's target population a close representation of the national population in relation to relevant variables, e.g. age, sex, occupation? 
2. Was the sampling frame a true or close representation of the target population? 
3. Was some form of random selection used to select the sample, OR, was a census undertaken? 
4. Was the likelihood of non-response bias minimal? 
5. Were data collected directly from the subjects (as opposed to a proxy)? 
6. Was an acceptable case definition used in the study? 
7. Was the study instrument that measured the parameter of interest (e.g. prevalence of low back pain) shown to have reliability and validity (if necessary)? 
8. Was the same mode of data collection used for all subjects? 
9. Was the length of the shortest prevalence period for the parameter of interest appropriate?
10. Were the numerator(s) and denominator(s) for the parameter of interest appropriate? 


[bookmark: _Toc51472170]Table A4  Univariate and multivariate meta-regression analysis of potential sources of heterogeneity in the meta-analysis of the prevalence of hypertension in older adults in Africa

	Model
	N
	Coefficient (95% CI)
	Tau2
	Adj. R2 (%)
	I2 (%)
	p value

	No covariates
	37
	0.561 (0.503, 0.618)
	0.026
	 
	95.2
	<0.001

	Univariate
	 
	 
	 
	 
	 
	 

	Study year
	35
	.0049 (-0.0110, 0.0207)
	0.027
	-2.96
	95.3
	0.537

	Publication year
	37
	0.0121 (-0.0054, 0.0296)
	0.026
	1.73
	95.4
	0.168

	Enrolled sample size
	37
	2.69e-6 (-4.22e-5, 4.75e-5)
	0.027
	-3.29
	95.4
	0.904

	Percentage obesity
	17
	0.0041 (0.0003, 0.0079)
	0.012
	23.19
	92.0
	0.036

	Percentage no education
	23
	0.0006 (-0.0024, 0.0036)
	0.024
	-4.54
	95.5
	0.676

	Device (ref: manual type)
	22
	0.1317 (-0.0267, 0.2900)
	0.025
	8.45
	96.6
	0.098

	 
	 
	 
	 
	 
	 
	 

	Multiple covariates
	16
	 
	0.008
	50.00
	87.5
	0.030

	Study year
	16
	-0.0248 (-0.0470, -0.0027)
	 
	 
	 
	0.031

	Publication year
	16
	0.0320 (0.0076, 0.0564)
	 
	 
	 
	0.027

	Enrolled sample size
	16
	-4.73e-6 (-4.09e-5, 3.14e-5)
	 
	 
	 
	0.779

	Percentage obesity
	16
	0.0044 (0.0009, 0.0079)
	 
	 
	 
	0.018
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Determinants of systemic hypertension in older adults in Africa: a systematic review
William Kofi Bosu1,2*	, Justice Moses Kwaku Aheto3, Eugenio Zucchelli2,4 and Siobhan Theresa Reilly2

Abstract
Background: An estimated 55% of older adults in Africa have systemic hypertension, a major risk factor for stroke, heart failure and dementia in the region. The risk factors associated with hypertension in this population group in Africa have not been systematically evaluated. We, therefore, undertook a systematic review to identify these risk factors.
Methods: We searched for population-based studies of adults aged ≥50 years living in Africa and reporting an estimate of hypertension and associated risk factors. We included articles published in any language between January 1980 and May 2018 using a comprehensive search strategy. We extracted data including the sample characteristics, prevalence of hypertension and risk factors with their effect sizes.
Results: From an initial 10,719 records, we retained 63 eligible full text articles for review out of which we analyzed 23 studies made up of 19 primary and four multiple publications which had data on risk factors from bivariate or multivariable analysis. The primary studies, published from 2010 to 2018, involved a total of 30,500 participants in 12 different countries with mean ages ranging from 62.7 ± 9 years to 76.9 ± 8.4 years. Through narrative synthesis, we found consistent determinants of hypertension (overweight/obesity and history of stroke), less consistent but frequent determinants (including older age group, female sex and urban residence), inconsistent determinants (including education, wealth index, alcohol intake and physical activity) and nonsignificant covariates (marital status and having health insurance). Overall, the highest adjusted odds ratios were those associated with obesity and history of stroke.
Conclusion: The key determinants of systemic hypertension in older adults in Africa are older age group, overweight/obesity, history of stroke and female sex. Health programmes should promote weight reduction throughout the life course, including during the middle and older age of African adults.
Keywords: Hypertension, Determinants, Risk factors, Older adults, Systematic review, Multivariate analysis, Africa
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Background
Africa experiences a significant burden of cardiovascular diseases, although this is often obscured by the greater priority to and interest in infectious diseases. According to the Global Burden of Disease Study, cardiovascular diseases were the leading cause of death in Africa in 2017, being responsible for 1.42 million deaths in that year or 16.4% of the total deaths in all ages compared with 11.3% of total deaths in 1990 [1]. The mortality represents a 61.0% increase over the estimated number of cardiovascular deaths in 1990. High systolic blood pressure (SBP) accounted for nearly two-thirds of the cardiovascular deaths in Africa in 2017. The region has the highest prevalence of raised blood pressure (27%) in the world [2]. The increasing burden is attributed to ageing, increasing population and adoption of unhealthy lifestyles. The weak health systems, low literacy levels, infrequent medical check-ups and prevailing poverty contribute to frequent misconceptions about hypertension, low detection and poor control of the disease.
Africa, therefore, has an onerous task in meeting the global target of 25% relative reduction in the prevalence of hypertension by the year 2025. National responses to noncommunicable diseases (NCDs) have been slow, with many countries lacking diet and physical activity policies[3]. In 2015, only 25.8% of African countries had developed or adopted clinical practice guidelines for the management of hypertension [4]. On the other hand, the number of African countries that have conducted the chronic disease risk factor STEPS surveillance has doubled from 20 in 2009. There is a renewed political commitment to tackle NCDs following the third high-level meeting of the United Nations General Assembly in October 2018 during which Heads of State and Governments committed to reorienting health systems to respond to the needs of the rapidly ageing population in relation to NCDs [5].
Individual studies observe that older age, high body mass index (BMI), alcohol use, female sex and urban residence are among the main factors associated with hypertension in adults [6–9]. However, there have been few systematic reviews of the determinants of hypertension in Africa [10]. Our systematic review among workers in West Africa found that the determinants included male sex, older age group, higher socioeconomic status, obesity, alcohol consumption, plasma glucose, and sodium excretion [11]. There is currently no published report of a systematic review of the determinants of hypertension among older adults in Africa. It is in this context that, we systematically reviewed the literature to identify factors associated with hypertension in older adults in Africa.
Methods
This study was undertaken as part of a systematic review whose protocol has been published earlier [12]. The study population, search terms and the meta-analysis have been described elsewhere [13]. The reporting of our findings follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [14]. The methods described here focus on the risk factors associated with hypertension.

Data sources and search strategy
We searched major electronic databases, Medline and Embase through Ovid, PsychInfo and CINAHL as well as the African Journals Online repository for articles published between 1 January 1980 to 28 May 2018. We also searched grey literature via ProQuest and Google scholar. Guided by the Population, Intervention, Comparison, and Outcome (PICO)-strategy, we used search terms designed to comprehensively identify potential studies in which the prevalence of hypertension had been reported. The search terms included those related to hypertension or blood pressure combined with the names of each of the 58 African countries (See Additional file 1 Table S1). The identified articles were screened at the title, abstract and full text levels (Fig. 1). The bibliographies of included studies were also searched to identify additional studies.
The included studies were limited to those on human subjects but there was no language restriction. We took account of multiple publications on the same study sample and retained the one that was most informative in the analysis (in order to avoid multiple counts). Where necessary, we sought supplementary information from the other multiple publications. Longitudinal studies which reported the prevalence of hypertension with associated risk factors at baseline and at the end of follow-up were considered as one study which contributed two data points. Similarly, if a study conducted in more than one African country, say in country A and country B, reported the prevalence of hypertension in each country along with associated risk factors, then it was considered as one study contributing two data points.
Study selection and data extraction
The included studies were population-based cross-sectional or follow-up designs conducted among subjects aged 50 years or older living in Africa. We included studies that reported the prevalence or incidence of systemic hypertension along with associated risk factors or correlates. We excluded studies conducted among patients in hospital, residents of restricted institutions or migrants living outside Africa or studies reporting self-reported or non-systemic hypertension.
We used the Covidence software to manage the selection of studies [15]. This programme removed identical studies from different databases and also guided the independent evaluation of potential studies on their conformity with the inclusion criteria by two reviewers (WKB, JMKA). Any discrepancies between the two reviewers were resolved through consensus.
After assigning each included study a unique identification number, we extracted data on the publication characteristics, sociodemographic characteristics of the subjects, main objectives, sampling technique, sample size, anthropometric measurements, method of blood pressure measurements, and the prevalence or incidence of hypertension on to a pre-designed form in Excel. We also extracted age- and sex-specific prevalence of hypertension (where reported) as well as the crude and adjusted effect sizes from multivariable analysis, including the 95% confidence intervals (CI). The latter data on independent correlates of hypertension from multivariable analysis were obtained not only from primary studies, but also, from multiple publications. These multiple publications, which could be single- or multi-country studies, were all studies that had been published as and captured in the included primary studies.
Data synthesis
We classified included studies into three groups: i) single publications reporting the prevalence and some associated risk factors such as age, sex or BMI; ii) single publications reporting prevalence and the determinants from multivariate analysis; and iii) multiple publications reporting determinants from multivariate We excluded studies which reported only the prevalence of hypertension (without further 


analysis) from the synthesis.
The risk factors or determinants were classified into demographic, socioeconomic, lifestyle and co-morbidity groups and analyzed through narrative synthesis. The demographic variables evaluated in the different studies included age, sex, marital status, residence, race or tribe and religion in different combinations. The socioeconomic variables included educational level, occupation, wealth quintile or income, and membership of a health insurance scheme. Lifestyle variables modelled included alcohol intake, smoking, fruit or vegetable intake, physical activity and BMI status. The final group of covariates were comorbidities including history of diabetes or stroke, self-reported chronic illness, disability or depression.
For each risk factor, we identified the reference category and considered the effect size (odds ratio, prevalence ratio, relative risk) as harmful if it was greater than 1 and protective if it was lower than 1. We identified the harmful, protective, statistically significant and nonsignificant determinants from both crude (bivariate) and multivariate analyses. All included studies set the p value for their tests of significance at 5%. We looked for consistency in the direction and patterns of association of hypertension across the studies.Fig. 1
Flow chart of study selection

Quality appraisal of studies
Two reviewers (WKB, JMKA) independently assessed the quality of the included primary studies using a tool developed by Hoy and others [16] and validated specifically for prevalence studies. This appraisal tool uses ten questions to assess both external validity (e.g. representativeness of the sample, participation rate and sampling methods) and internal validity (e.g. direct data collection from subjects or from proxy, suitability of case definition, reliability of study instrument, application of same measurement methods for all subjects and appropriateness of exposure period) in each study. Based on an overall judgement from these criteria, we classified each study as having a low, moderate and high risk of bias. Our decision to include studies rated as high risk of bias our narrative synthesis of risk factors was guided by the results of a sensitivity analysis conducted to evaluate the effect of their exclusion on a pooled estimate of the prevalence of hypertension [13].
Results
Description of selected studies
We screened 8,775 citations after removing duplicates out of which we retrieved 103 full-text versions to assess their eligibility for inclusion (Fig. 1). Of the latter, 63 studies, made up of 34 primary studies and 29 multiple publications, met the inclusion criteria for review. However, 40 of them reported information on only the prevalence of hypertension and so were excluded from further analysis. Of the remaining 23 studies, seven provided information on risk factors associated with the prevalence while 16 made up of 12 primary and four multiple publications provided data on the determinants of hypertension from multivariate analyses.
One of the seven primary publications reported sexspecific prevalence of hypertension in cities in two African countries (Bangui and Brazzaville) and so provided two data contributions relating to hypertension and its associated risk factors in two countries [17]. Of the four multiple publications, three were multi-country publications based on the Study on Global Ageing and Adult Health (SAGE) in Ghana and South Africa, and so these provided a combined total of six data contributions [18–20]. The fourth multiple paper, based on SAGE Ghana, reported determinants separately for systolic hypertension (SHTN) and diastolic hypertension (DHTN) [21]. The two respective primary publications for the SAGE Ghana and South African studies were included in the 12 unique studies providing data on determinants of hypertension [22, 23]. Thus, there were 19 primary (providing 21 data points) and four multiple (non-primary) publications (providing eight data points) [18–21] of relevance that were analyzed.
Based on the Hoy et al. tool, we judged that 16 (84.2%) of the 19 included primary studies had either a low (63.2%) or moderate risk (21.0%) of bias (Table 1; Additional file 2 Table S2). Three (15.8%) studies were considered to have a high risk of bias, usually because of use of non-representative samples or low participation rate. We retained these studies in the narrative synthesis because we found in a sensitivity analysis conducted as part of a meta-analysis that, excluding them did not have any significant influence on the estimated prevalence of hypertension [13].
Description of sample characteristics
The 19 primary studies / publications covered 12 different countries with four from Ghana [22, 29, 34, 35]; three from Nigeria [24, 28, 37]; two each from Central African Republic/Congo [17, 36], South Africa [23, 32] and Uganda [33, 38]; and one each from Burkina Faso [27], Cameroon [39], Kenya [31], Senegal [30], Tanzania [40] and Tunisia [26] (Table 1). They involved a total of 30,500 participants out of whom 30,230 had their blood pressure measured. The prevalence of hypertension ranged from 24.1% in a rural community in northern Ghana [29] to 90.0% in a South African township [32]. The crude prevalence across all the subjects in the 21 data contributions was 55.9%.
The study participants were diverse and included older adults living generally in the community, those enrolled in cohort studies or a demographic surveillance site, church attendees or registered members of pensions associations (Table 1). Their ages ranged from 50 to 110 years. Their mean ages, reported from ten data points(nine studies) ranged from 62.7 ± 9 years in Cameroon [39] to 76.9 ± 8.4 years in Nigeria [37]. Across 19 data points (18 studies), the proportion of subjects aged ≥70 years varied from 19.2% in Dakar, Senegal [30] to 100.0% in the rural Hai district of Tanzania [25].
Overall, 51.9% of the enrolled subjects across the studies were female. In individual studies, the percentage female ranged from 31.4% [34] to 83.0% [41] (Table 1). Only four studies enrolled predominantly male subjects [27, 29, 30, 34]. The proportion of enrolled subjects who were currently married ranged from 32.4% [38] to 89.4% [39] (Table 1). In the Central African Republic, 38–42% of enrolled subjects with a mean age of about 73–47 years were currently married [17, 36]. In contrast, in Tunisia and Nigeria where the participants were slightly younger with a mean age of 72 years, 60–63% of them were currently married [24, 26]. The proportion of subjects with no formal education ranged from 12.1% among registered pensioners in Ghana [34] to 93.8% among elderly subjects in Nigeria [24] in 13 studies (13 data points) in which it was reported (Table 1). Except for one cohort study in Nigeria [37], all the studies were cross-sectional in design.
The study setting was rural in four studies (four data contributions), urban in six studies (seven data contributions) and mixed in nine studies (ten data contributions). The mixed settings were predominantly rural [22, 31, 36, 37] or urban [23, 24, 36]. Enrolled subjects were under demographic surveillance in Ghana [29], Tanzania [40] and Uganda [33, 38]. The proportion of participants who were overweight or obese, based on nine studies (11 data points), varied 100-fold from 0.8% of subjects in rural Ghana [29] to 80.0% of subjects in urban Tunisia [26]. The included studies were published from 2010 to 2018 with 2013 as the median year of publication.





Table 1 Sociodemographic characteristics of study sample and sex-specific prevalence of hypertension in included primary articles
	Primary Reference
	Country
	Study year
	Type of participants
	% Participation rate of eligible sample
	% Female
	% urban
	% aged 70+ years
	Mean age ± sd
	% currently married
	% no education
	Number whose hypertension status assessed 
	% males with hypertension  
	 % females with hypertension  
	  % total subjects with hypertension  
	Overall risk of study bias

	Abegunde 2013 [24]
	Nigeria
	 
	adults aged ≥60 years
	98.4
	61.1
	50.2
	57.9
	72.2 ± 9.5 (urban), 70.8 ± 8.1 (rural)
	63.0
	93.8
	600
	 
	 
	36.5
	Low

	Dewhurst 2013 [25]
	Tanzania
	2010
	Rural cohort aged ≥70 years (DSS)
	93.5
	56.3
	0.0
	100.0
	
	
	
	2223
	62.2
	75.8
	69.9
	Low

	Guerchet 2012A  [17]
	CAR
	2009
	adults aged ≥65 years
	96.3
	58.1
	100.0
	59.9
	72.6 ± 6.1
	41.6
	
	461
	47.2
	62.7
	56.2
	Low

	Guerchet 2012B  [17]
	Congo
	2009
	adults aged ≥65 years
	96.3
	61.9
	100.0
	72.0
	74.4 ± 6.7
	38.1
	
	515
	66.3
	76.2
	72.4
	Low

	Hammami 2011  [26]
	Tunisia
	2009
	Elderly aged ≥65 years
	100
	66.2
	86.3
	62.0
	72.3 ± 7.4
	60.0
	76.9
	598
	45.0
	55.6
	52.0
	Low

	Hien 2014 [27]
	Burkina Faso
	2012
	Elderly aged ≥60 years
	100
	44.7
	100.0
	39.3
	69 ± 7
	58.7
	54.1
	389
	79.1
	86.2
	82.3
	Low

	Iribhogbe 2013  [28]
	Nigeria
	2012
	church attendants aged ≥50 years
	100.0
	50.0
	
	23.5
	67.55 ± 16.61
	 
	 
	200
	58.0
	35.0
	46.5
	High

	Koopman 2012 [29]
	Ghana
	2010
	registered inhabitants ≥50 years
	85.4
	48.1
	
	35.3
	
	 
	 
	924
	25.6
	22.5
	24.1
	Low

	Macia 2012  [30]
	Senegal
	2009
	adults aged ≥50 years 
	NR
	47.4
	100.0
	19.2
	
	74.4
	45.6
	500
	63.9
	67.1
	65.4
	Moderate

	Mathenge 2010  [31]
	Kenya
	2008
	adults aged ≥50 years
	87.7
	52.3
	32.7
	26.4
	 
	 
	33.1
	4396
	
	
	50.1
	Low

	Minicuci 2014  [22]
	Ghana
	2008
	adults aged ≥50 years
	95.9
	50.3
	40.6
	32.5
	 
	59.8
	54.0
	4724
	51.5
	50.7
	51.1
	Low

	Mkhize 2011  [32]
	South Africa
	2008
	elderly persons aged ≥60 years  
	 
	83.0
	
	
	 
	 
	 
	270
	82.6
	91.5
	90.0
	Low

	Mugisha 2013  [33]
	Uganda
	2013
	rural adults aged ≥50 years
	72.3
	58.2
	0.0
	27.7
	median 62
	48.5
	28.0
	1449
	36.5
	38.3
	37.5
	Moderate

	Nuertey 2017  [34]
	Ghana
	2014
	registered members of the national pensioners association
	93.0
	31.4
	
	28.5
	 
	73.0
	12.1
	4439
	 
	 
	47.8
	High

	Osman 2017 [35] 
	Ghana
	2016
	free-living adults aged ≥65 years 
	100.0
	66.3
	
	
	 
	46.0
	51.0
	400
	57.8
	52.5
	54.3
	High

	Peltzer 2013  [23]
	South Africa
	2008
	adults aged ≥50 years
	60
	57.3
	66.7
	23.8
	 
	53.3
	25.4
	3672
	74.4
	79.6
	77.4
	Moderate

	Pilleron 2017A  [36]
	CAR
	2012
	adults aged ≥65 years
	94.7
	62.2
	51.5
	60.4
	72.7 ± 6.4
	34.3
	 
	967
	 
	 
	53.7
	Low

	Pilleron 2017B [36]
	Congo
	2012
	adults aged ≥65 years
	94.7
	60.9
	48.7
	66.8
	73.5 ± 6.7
	38.8
	 
	1023
	 
	 
	68.0
	Low

	Raji 2017  [37]
	Nigeria
	2007
	elderly cohort aged ≥ 65 years
	76.8
	55.1
	37.4
	79.0
	76.9 ± 8.4
	55.7
	44.8
	1469
	62.0
	70.7
	66.8
	Moderate

	Scholten 2011[38] (Scholten et al., 2011)
	Uganda
	2010
	adults aged ≥50 years 
	>99%
	61.2
	
	34.9
	
	32.4
	24.0
	510
	30.3
	34.6
	32.9
	Low

	Tianyi 2017  [39]
	Cameroon
	2013
	rural adults aged ≥50 years
	
	68.9
	0.0
	24.2
	62.7 ± 9
	89.4
	82.0
	501
	60.9
	55.7
	57.3
	Low





Table 2 Age-specific prevelance of hypertension in studies in older adults in Africa
	No.
	Reference
	Country
	50-59
	60-69
	70-79
	80 +
	50-59
	60-69
	70-79
	80 +
	50-59
	60-69
	70-79
	80 +
	50 - 64
	65 - 74
	75+
	65 - 69
	70 - 74
	75 - 79
	80 +
	65 - 74
	75 - 84
	85+

	
	
	
	M
	M
	M
	M
	F
	F
	F
	F
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T
	T

	1
	Dewhurst 2013 [25]
	Tanzania
	 
	 
	60.6
	65.9
	 
	 
	75.0
	77.3
	 
	 
	68.6
	72.5
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	2
	Hammami 2011 [26]
	Tunisia
	 
	 
	 
	 
	 
	 
	 
	 
	 
	51.5
	54.9
	45.8
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	3
	Minicuci 2014 [22]
	
	
	
	
	
	
	
	
	
	
	
	
	
	50.0
	54.2
	49.9
	
	
	
	
	
	
	

	4
	Osman 2017 [35]
	Ghana
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	52.0
	54.5
	63.5
	 
	 
	 
	 
	52.0
	54.5
	63.5

	5
	Phaswana-Mafuya 2013 [42]
	South Africa
	 
	 
	 
	 
	 
	 
	 
	 
	74.9
	80.6
	78.4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6
	Pilleron 2017a [36]
	CAR
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	50.1
	53.2
	52.7
	63.6
	 
	 
	 

	7
	Pilleron 2017b [36]
	Congo
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	62.9
	72.7
	67.8
	70.6
	 
	 
	 

	8
	Raji 2017 [37]
	Nigeria
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	66.2
	68.9
	60.1
	68.1
	
	
	

	9
	Tianyi 2017 [39]
	Cameroon
	59.5
	68.6
	52.3
	54.5
	53.8
	62.0
	48.9
	30.0
	54.9
	62.2
	50.5
	50.0
	 
	 
	 
	 
	 
	 
	
	 
	 
	 





Risk factors for hypertension
Except for one study which used a multilevel multinomial logit model [21], all the 16 studies providing 20 data points which investigated the determinants of hypertension did so using standard logistic regressions. The studies were conducted between 2007 and 2016 and published between 2010 and 2017. The number of covariates evaluated for their association with the binomial outcome of hypertension in the models ranged from five [19, 30] to thirteen [20]. One study provided separate estimates for the prevalence of hypertension in two countries, Central African Republic (CAR) and the Congo [36]. However, in the evaluation of factors associated with hypertension, the two countries were included in the same models.
Demographic factors 
Age and sex. The age-specific prevalence of hypertension was available, to varying degrees, in only eight studies (nine data contributions) in tables and in a graph (Table 2). From the limited data, we observed that the prevalence in the oldest age group was generally higher than that of the youngest age group in CAR, Congo, Ghana, Nigeria, South Africa and Tanzania [25, 35–37, 42], the exceptions being the studies in Cameroon [39], Ghana [22] and Tunisia [26]. The widest differences of more than ten percentage points between these extreme age groups were observed in Ghana [35], Kenya [31] and CAR [36]. In the studies in which the prevalence of hypertension was reported in three or more age groups, there was rarely a monotonic increase in prevalence with increasing age. The prevalence often peaked in the middle age group(s). However, there was a steady increase in the prevalence with age in Ghana [35] and among urban and rural men and women in Kenya [31].
The sex difference in the prevalence of hypertension within the age groups, available from two studies, was variable, being consistently higher in females in each age group in Tanzania [25] or lower in Cameroon [39]
(Table 2). In individual studies, the prevalence of hypertension ranged from 25.6 to 82.6% in the men and from 22.5 to 91.5% in the women. Overall, the crude prevalence of hypertension in 10,478 females (61.6%) was higher than that of 8,327 males (56.9%) in the 15 studies (16 data contributions) in which the sex-specific prevalence was provided. In nine of these studies with ten data contributions, the prevalence was higher in females [17, 23, 25–27, 30, 32, 33, 37, 38] and in the remaining six, it was higher in males [22, 28, 29, 35, 39] (Table 1). The relationship between older age group or female sex and hypertension was statistically significant in Tunisia [26], South Africa [23], CAR and Congo [36] (Tables 3 and 4). That of older age group, but not sex, was statistically significant in Senegal [30] and in Ghana [22] while that of sex but not older age group was statistically significant in Nigeria [37].
In multivariate analyses, older age group and female sex were often independently associated with hypertension. Of the 16 studies providing 20 data contributions with multivariate analysis, age was either not included in the logit models in two studies (three data points) [21, 24] or was adjusted for without being assigned an effect size in three studies (four data points) [20, 31, 34] (Table 4). In the remaining 11 studies (13 data contributions), older age group predicted hypertension in a total of nine models from seven studies [18, 19, 22, 25, 30, 36, 38] but was not statistically significant in four studies (four data contributions) [23, 26, 37, 39] (Tables 3 and 4). The highest odds ratio was observed in a study in Senegal in which the odds of being hypertensive among subjects aged 60–69 years and those aged ≥70 years was respectively 1.9 and 2.5 times that in those aged 50–59 years [30] (Table 4). In other studies, however, the relationship between older and the younger age groups was erratic and non-monotonic. For example, in Ghana, the odds ratio associated with hypertension in those aged 65–69 years (compared with those aged 50–54 years) was higher than that of the 70–74 or ≥ 75-year age groups [18].
Female sex was a frequent predictor of hypertension in multivariate analyses. The adjusted odds of hypertension were up to 80% higher in females than in males [18, 19, 21, 24, 25] (Table 3). However, female sex was associated with lower adjusted odds of hypertension in one study in Nigeria [37]. It was not independently associated with hypertension in the multivariate analyses [22, 38], having lost its statistically significant relationship observed in the bivariate analysis in three studies [23, 26, 36] (Table 2). Similarly, the statistically significant relationship between older age and hypertension disappeared in the multivariate analyses in two of these studies [23, 26].
Residence In studies in which the residential distribution of the prevalence of hypertension was reported, it was higher in urban than in rural areas by up to 15 percentage points [22, 24, 31, 36, 43]. In one study in Nigeria, the prevalence increased along a gradient from rural, semi-urban to urban areas [37]. However, in South Africa, the prevalence was slightly higher in rural (77.5%) than in urban populations (77.2%) [23]. The urban-rural difference was statistically significant in
studies in Ghana [22], Kenya [31] and Uganda [38] but not in studies in Tunisia [26] or South Africa [23] (Tables 3 and 4). In multivariate analyses, urban residence was often significantly associated with hypertension, as in Ghana, Nigeria and Kenya with adjusted odds ratios about 30–40% higher than in the rural areas [22, 31, 37, 38]. It was not significantly associated with hypertension in other studies in Ghana and CAR/Congo [21, 36]. In the multi-country SAGE study in older adults, urban residence predicted hypertension in Ghana in two different models but not in South Africa [18, 19] (Table 4).
The adjusted odds ratio associated with hypertension among elderly subjects living in Congo was 68% higher than that of those living in the CAR [36]. In Tanzania, hypertension in elderly aged ≥70 years was more frequently associated with residence in upland than in lowland villages [25]. Compared with those residing in the Greater Accra Region, older adults in two of the poorest regions in Ghana, the Upper East and Upper West regions had 63–76% lower odds of having hypertension after controlling for other factors [22]. Otherwise, residence in the other administrative regions of Ghana was not independently associated with hypertension.
Other demographic factors Marital status did not make a statistically significant difference to the prevalence of hypertension in bivariate analyses [26, 30, 36, 39]. For example, in Senegal, 66.1% of married subjects compared with 63.3% of unmarried subjects had hypertension [30]. In multivariate analyses, marital status was not independently associated with hypertension in the studies in which this relationship was assessed [23, 26, 30, 38, 39] except in Nigeria where being unmarried had a protective effect [37] (Table 4).

Table 3 Overview of risk factors associated with hypertension among older adults in Africa

	No.
	Country
	Reference
	Significant harmful (higher HTN) variables in crude analysis
	Significant protective (lower HTN) variables in crude analysis
	NS variables in crude analysis
	Harmful Determinants of (higher) HTN
	Determinants of lower HTN
	NS variables in multivariate model

	1
	Nigeria
	Abegunde 2013 [24]
	
	
	
	Female gender, decreasing monthly income, increasing BMI
	
	alcohol intake

	2
	Ghana
	Boateng 2017 [21]
	
	
	
	For systolic stage 1 or 2 HTN: increasing BMI category, alcohol intake, higher wealth index, female sex
	traditional religion,
	Place of residence, depression or ethnicity for stage 1 or 2 SHTN; religion not significantly associated with stage 1 SHTN.

	3
	Ghana
	Boateng 2017 [21]
	
	
	
	For diastolic stage 1 or 2 HTN:increasing BMI category, higher wealth index
	traditional religion, other religion
	Place of residence, depression or ethnicity for stage 1 or 2 DHTN; religion except traditional or other religion not significantly associated with stage of DHTN.

	4
	Tanzania
	Dewhurst 2013 [25]
	Females, Older age group, dependency, self-reported diabetes, overweight, abdominal obesity
	
	
	BMI (continuous variable), female sex, older age group ≥85 years, Chagga tribal origin, upland village dwelling
	
	Presence of (moderate or severe) disability (by Barthel Index Score); age groups 75–79 and 80–84 years

	5
	Tunisia
	Hammami 2011 [26]
	
	
	Education, urban-rural residence, depression, marital status, physical activity
	Diabetes, BMI, Dependency (disability)
	
	age, sex, marital status, region, educational level, physical activity, depression

	6
	Ghana
	Lloyd-Sherlock 2014 [18]
	
	
	
	older age group, female sex, increasing BMI, smoker
	no education, alcohol consumption, rural residence
	physical activity, wealth quintile, health insurance

	7
	South Africa
	Lloyd-Sherlock 2014 [18]
	
	
	
	older age group, female sex, increasing BMI
	tertiary educational level, alcohol consumption
	smoking, residence, wealth quintile, health insurance

	8
	Ghana
	Lloyd-Sherlock 2017 [19]
	
	
	
	older age group (65–69 years), female sex, richer quintiles
	no education, rural residence
	Nil

	9
	South Africa
	Lloyd-Sherlock 2017 [19]
	
	
	
	older age group (75+ years), female sex, richest quintile
	Higher (tertiary) educational level
	urban-rural residence

	10
	Senegal
	Macia 2012 [30]
	Older age, higher BMI
	
	Sex, educational level, marital status, doctor visits in the previous years
	Older age group; overweight (BMI ≥25 kg/m2)
	
	Sex, educational level, marital status

	11
	Kenya
	Mathenge 2010 [31]
	Urban residence, Kikuyu tribe
	
	
	Urban residence, Kikuyu tribe
	
	Adjusted for age, sex, SES quartile, BMI, WHR, smoking status, alcohol use, diabetes (by measurement), cholesterol 

	12
	Ghana
	Minicuci 2014 [22]
	Older age, marital status, ethnicity, residence, wealth quintile
	
	sex
	older age, urban residence, overweight/obesity
	underweight BMI < 18.5; Upper East and Upper West regions
	sex, educational level, administrative regions except Upper East and Upper West

	13
	Ghana
	Nuertey  2017 [34]
	overweight/obesity
	
	
	overweight/obesity
	
	Model adjusted for sex, religion, region of residence, ethnicity, marital status, education, social class, use of eye glasses, diabetes, arthritis, previous surgeries, mean arterial pressure, smoking status, hearing loss, total cholesterol, triglycerides, low density lipoprotein, coronary risk ratio

	14
	South Africa
	Peltzer 2013 [23]
	Females, Older age (60–69-year group), coloured race; self-reported conditions (diabetes, stroke, arthritis), overall self-reported health status (moderate), being overweight (BMI ≥25 kg/m2); having had ≥5 outpatient visits in past 12 months; overweight, severe dependency
	alcohol use in past month; underweight (BMI < 18.5 kg/m2)
	marital status, educational level, wealth, urban-rural residence, physical activity, daily tobacco use, fruit and vegetable intake, social cohesion index
	Coloured race, self-reported history of stroke, frequent outpatient visits in the past 12 months
	alcohol use in past month
	Age, sex, marital status, past medical history of diabetes, subject health status, activity limitation (dependency)

	15
	CAR, Congo
	Pilleron 2017 [36]
	Female sex, increasing age, living in Republic of Congo, urban residence, previous occupation as craftsman/ storekeeper or being jobless, increasing BMI, high cholesterol, eating 3 or more meals daily
	current smoker, high physical activity ≥150 min/wk
	marital status, primary education, diabetes by measurement, alcohol intake
	increasing age, living in Congo, previous occupation as craftsman/ storekeeper or being jobless, increasing BMI, eating 3 or more meals daily
	current or ex-smoker, high physical activity ≥150 min/ wk
	sex, rural-urban residence, primary education, cholesterol level, diabetes, alcohol consumption

	16
	Nigeria
	Raji 2017 [37]
	female sex, unmarried, urban residence, never smoked, never drank alcohol, overweight/ obesity
	
	older age, educational level, socioeconomic class, self-reported dia betes, history of transient ischaemic attack, diagnosis of lifetime depression
	high educational level, urban or semi-urban residence, overweight/ obesity
	female sex, currently unmarried
	older age, high SES, current smoking, current alcohol consumption, absence of self-reported diabetes

	17
	Uganda
	Scholten 2011 [38]
	
	
	
	Older age, urban residence
	HIV infection (on or not on ART)
	sex, marital status, education

	18
	Cameroon
	Tianyi 2017 [39]
	overweight/obesity
	occupational level (≥medium)
	age, sex, marital status, illiteracy, occupational level
	overweight/obesity
	
	age, sex, marital status, illiteracy, occupational level

	19
	Ghana
	Tyrovolas 2015 [20]
	
	
	
	higher BMI
categories, self-reported diabetes, self-reported stroke, higher fruit intake
	underweight BMI < 18.5
	Alcohol consumption, smoking, physical activity, vegetable intake, education, wealth. Adjusted for age, sex and marital status.

	20
	South
Africa
	Tyrovolas 2015 [20]
	
	
	
	higher BMI categories, alcohol intake, ex-smoker, low physical activity, self-reported stroke, higher veg table intake
	heavy alcohol user, low, level physical activity, secondary level of education
	Self-reported diabetes, fruit intake, wealth. Adjusted for age, sex and marital status.


ART antiretroviral therapy, BMI body mass index, CAR Central African Republic, DHTN diastolic hypertension, HTN hypertension, NS not statistically significant, SAGE
Study on Global Ageing and Adult Health, SHTN systolic hypertension, SES socio-economic status, WHR waist-to-hip ratio
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Only two studies evaluated ethnicity and found that it was independently associated with hypertension in the rural Hai district of Tanzania [25] and in the Nakuru district of Kenya [31] (Tables 3 and 4). The adjusted odds ratios associated with hypertension comparing the Chagga tribe to the non-Chagga tribes and comparing Kikuyus to the Kalenjins were 1.65 (95% CI 1.18–2.30) [25] and 1.4 (95% CI 1.2–1.7) [31] in the two respective studies (Table 4). The odds of having hypertension among coloured South African older adults was 89% greater than that among black Africans [23]. Practitioners of traditional religion faith in Ghana had 0.35–0.38 times the adjusted odds of having stage 2 SHTN or DHTN as those with no religion [21].
Socioeconomic factors 
Occupation and educational level. In bivariate analyses, previous occupation as craftsman, storekeeper or being jobless was associated with being hypertensive in the CAR and Congo [36] (Table 3). In Cameroon, having medium or high-level occupation (higher than unskilled work) protected against having hypertension [39]. Otherwise, socioeconomic factors such as educational level, wealth or occupational level were not significantly associated with hypertension in Senegal, South Africa, CAR, Congo or Cameroon [23, 36, 39].
In South Africa, 76.4% of older adults with no schooling compared with 75.8% of those with ≥12 years of schooling had hypertension [42]. The prevalence of hypertension was higher among the groups with intervening schooling year duration - 78.9% among those with less than 7 years and 79.2% among those with 8–11 years of schooling. In Tunisia, the prevalence of hypertension among elderly subjects aged years declined with increasing educational level but the difference was not statistically significant [26]. It was 53.9% among illiterate subjects, 47.1% among those with primary education and 31.3% in those with secondary or higher-level education.
The association between previous employment as a craftsman, storekeeper, farmer, breeder, fisherman or being jobless and hypertension in the Central African Republic and Congo [36] persisted in the multivariate analysis (Table 3). Similarly, the absence of a statistically significant association between educational level and hypertension in Central African Republic, Congo, Nigeria and Senegal remained after adjusting for other variables [30, 36, 37]. The results were similar in Ghana [22] and Uganda [38] where educational level did not correlate with hypertension.
Multivariate analyses of the multi-country SAGE dataset gave discordant results (Tables 3 and 4). Compared to the primary level, higher (tertiary) level educational attainment in South Africa predicted lower prevalence of hypertension whereas, in Ghana, it was no education that did so [18, 19]. Contrary to these findings, another group evaluating different variables on the same multicountry SAGE dataset found that, compared to primary or lower level educational attainment, secondary education level was protective of hypertension in South Africa [20]. This group reported that neither secondary nor tertiary level educational attainment was significantly associated with hypertension in Ghana.



Table 4  Demographic and socioeconomic determinants associated with hypertension in older adults in Africa
	No.
	Country
	Reference
	Age
	Sex
	Residence
	Education
	Wealth
	Occupation

	1
	Nigeria
	Abegunde 2013 [24]
	
	Compared with males: Females OR = 1.551; (1.01-2.39; P = 0.046)
	
	
	Decreasing monthly income: OR = 0.798; 95%CI = 0.677-0.940; P = 0.007
	

	2
	Ghana
	Boateng 2017 [21]
	
	Compared with males: Female sex RR 1.33 (1.04, 1.69)  p ≤0.05 (Stage 1 SHTN); RR= 1.66 (1.28, 2.15) p ≤0.001 (Stage 2 SHTN).  
	Compared with urban residents: rural RR = 0.86 (0.65, 1.13), NS (Stage 1 SHTN); RR= 0.79 (0.59, 1.05), NS (Stage 2 SHTN).  
	
	Compared with the poorest adults: the next poor quintile group 2, RR 1.47 (1.02, 2.09)  p ≤0.05 (Stage 1 SHTN); all other quintile groups NS for stage 1 or stage 2 SHTN  
	

	3
	Ghana
	Boateng 2017 [21]
	
	Compared with males: Female sex RR 0.91 (0.69, 1.19) NS (Stage 1 DHTN); RR= 0.79 (0.61, 1.01) NS (Stage 2 DHTN).  
	Compared with urban residents: rural RR= 0.91 (0.69, 1.19), NS (Stage 1 DHTN); RR=0.79 (0.61, 1.02), NS (Stage 2 DHTN).  
	
	Compared with the poorest adults: the next poor quintile group 2, RR 1.47 (1.03, 2.13)  p ≤0.05 (Stage 1 DHTN); all other quintile groups NS for stage 1 or stage 2 DHTN  
	

	4
	Tanzania
	Dewhurst 2013 [25]
	Compared with 70-74-year age group: ≥85y OR=1.53 (1.13-2.08); 75-79 years OR 1.13 (0.89-1.44); 80-84 years OR 1.18 (0.88-1.58)
	Compared with males: female, OR 1.80 (1.48-2.20)
	Compared with lowland village dwelling: upland dwelling, OR=1.52 (1.21-1.92)
	
	
	

	5
	Tunisia
	Hammami 2011 [26]
	NS
	NS
	NS
	NS
	
	

	6
	Ghana
	Lloyd-Sherlock 2014 [18]
	50-54 (ref.): 55-59 years, OR 1.12 (0.91-1.38); 60-64 years, OR 1.24(0.99-1.56); 65-69 years, OR 1.53 (1.21-1.95); 70-74 years, OR 1.32 (1.04-1.67); 75+ years, OR 1.28 (1.02-1.61)
	Female, OR 1.16 (1.00-1.35)
	Urban (ref.): rural OR 0.73 (0.63-0.85)
	Primary (ref.): None, OR 0.82 (0.69-0.98); Secondary, OR 0.76 (0.53-1.10); Higher, OR 0.96 (0.78-1.18)
	Poorest wealth quintile (ref.): Q2, OR 1.11 (0.90-1.38); Q3, OR 1.77 (0.95-1.45); Q4, OR 1.77 (0.94-1.47); Richest, OR 1.16 (0.91-1.48)
	

	7
	South Africa
	Lloyd-Sherlock 2014 [18]
	50-54 (ref.): 55-59 years, OR 1.31 (1.13-2.07); 60-64 years, OR  1.53 (0.99-1.56); 65-69 years, OR 1.50 (1.07-2.09); 70-74 years, OR 1.53 (1.02-2.29); 75+ years, OR 1.83 (1.25-2.68)
	Female, OR 1.29 (1.05-1.59)
	Urban (ref.): rural OR 1.04 (0.83-1.31)
	Primary (ref.): None, OR 1.11 (0.85-1.43); Secondary, OR 0.77 (0.57-1.04); Higher, OR 0.67 (0.48-0.93)
	Poorest wealth quintile (ref.): Q2, OR 0.87 (0.64-1.17); Q3, OR 1.03 (0.75-1.42); Q4, OR 1.26 (0.90-1.78); Richest, OR 1.26 (0.88-1.80)
	

	8
	Ghana
	Lloyd-Sherlock 2017 [19]
	50-54 (ref.): 55-59 years, OR 1.08 (0.85-1.38); 60-64 years, OR  1.19 (0.91-1.54); 65-69 years, OR 1.36 (1.04-1.78); 70-74 years, OR 1.20 (0.92-1.58); 75+ years, OR 1.09 (0.84-1.40)
	Female, OR 1.31 (1.12-1.54)
	Urban (ref.): rural OR 0.64 (0.52-0.79)
	Primary (ref.): None, OR 0.80 (0.66-0.98); Secondary, OR 0.77 (0.51-1.16); Higher, OR 0.94 (0.74-1.19)
	Poorest wealth quintile (ref.): Q2, OR 1.20 (0.99-1.46); Q3, OR 1.36 (1.06-1.74); Q4, OR 1.55 (1.19-2.01); Richest, OR 1.68 (1.28-2.21)
	

	9
	South Africa
	Lloyd-Sherlock 2017 [19]
	50-54 (ref.): 55-59 years, OR 1.36 (0.93-1.98); 60-64 years, OR  1.58 (0.99-2.54); 65-69 years, OR 1.52 (1.03-2.26); 70-74 years, OR 1.38 (0.79-2.41); 75+ years, OR 1.62 (1.09-2.40)
	Female, OR 1.42 (1.09-1.85)
	Urban (ref.): rural OR 1.42 (1.09-1.85)
	Primary (ref.): None, OR 1.09 (0.81-1.48); Secondary, OR 0.86 (0.57-1.28); Higher, OR 0.59 (0.39-0.90)
	Poorest wealth quintile (ref.): Q2, OR 1.00 (0.62-1.62); Q3, OR 1.24 (0.76-2.04); Q4, OR 1.43 (0.88-2.33); Richest, OR 1.80 (1.04-3.12)
	

	10
	Senegal
	Macia 2012 [30]
	50-59 year age group (ref.): 60-69y, OR=1.94** (1.22-3.07), p<0.01; ≥70y, OR=2.54** (1.45-4.44), p<0.01
	Males (ref.): Females OR 1.01 (0.66-1.56)
	
	Schooling ≥9 years (ref.): None, OR 1.28 (0.73-2.23);1-8 years, OR 1.23 (0.71-2.14)
	
	

	11
	Kenya
	Mathenge 2010 [31]
	Age adjusted
	Sex adjusted
	Urban (ref.): rural OR 0.77 (0.67-0.91)
	SES adjusted
	SES adjusted
	

	12
	Ghana
	Minicuci 2014 [22]
	50-64 (ref.): 65-74 years, OR 1.28 (1.05-1.55); ≥75 years, OR  1.14 (0.90-1.45)
	Males (ref.): Females OR 1.14 (0.94-1.38)
	Urban (ref.): rural OR 0.77 (0.61-0.97)
	None (ref.): Primary, OR 1.07 (0.89-1.30); Secondary, OR 0.90 (0.60-1.35); High school completed, OR 1.15 (0.90-1.46); Tertiary or higher, OR 0.67 (0.43-1.06)
	
	

	13
	Ghana
	Nuertey 2017 [34]
	Age adjusted
	Sex adjusted
	Region of residence adjusted
	Education adjusted
	
	Social class adjusted

	14
	South Africa
	Peltzer 2013 [23]
	50-59 (ref.): 60-69 years, OR 1.30 (0.94-1.79); ≥70 years, OR  1.19 (0.80-1.78)
	Males (ref.): Females OR 1.18 (0.61-1.25)
	
	
	
	

	15
	CAR, Congo
	Pilleron 2017 [36]
	Age (continuous variable); OR = 1.02 (95% CI 1.01-1.04)
	NS, OR = 0.98 (0.70-1.37); p=0.924
	Urban (ref.): rural OR 0.92 (0.71-1.19), p value = 0.528.  
Living in Congo vs. CAR: OR 1.68 (1.31-2.16) p<0.001
	Having primary education vs. not having it; OR = 1.09 (0.81-1.46); p=0.566
	 
	Compared with previous occupation as employee/government employee: craftsman/storekeeper OR 1.59 (1.10-2.31); Farmer/breeder/fisherman OR= 1.65 (1.13-2.41); Jobless OR=1.83 (1.03-3.28).

	16
	Nigeria
	Raji 2017 [37]
	Age >69 years, OR 1.16 (0.78-1.72), p value=0.443
	Males (ref.): Females OR 0.62** (0.48-0.79), p value=0.001; NS
	Urban/semi-urban (ref.): Rural OR 0.53* (0.72-0.98); p=0.04
	Non-high education (ref.): High educational level OR 2.55* (1.02-6.38), p value=0.045
	
	High SES, OR 1.50 (0.80-2.86), NS

	17
	Uganda
	Scholten 2011 [38]
	50-59 (ref.): 60-69 years, OR 1.13, NS; ≥70 years, OR  2.48; p=0.01
	Males (ref.): Females OR 1.47; NS
	Urban (ref.): Rural OR 0.57*; p=0.04
	Primary (ref.): None, OR 1.35, NS; Secondary or higher, OR 1.38; NS
	
	

	18
	Cameroon
	Tianyi 2017 [39]
	NS
	NS
	
	NS
	 
	Compared with low occupational level (unskilled workers): medium or high level occupational level: OR=0.56 (0.23-1.32); P=0.183

	19
	Ghana
	Tyrovolas 2015 [20]
	Adjusted for age, sex and marital status
	Adjusted for age, sex and marital status
	
	Compared with ≤primary level: Secondary OR 1.11 (0.89-1.38), NS; ≥Tertiary, OR 0.66 (0.41-1.06), NS 
	Compared with middle wealth quintile: Poorest OR 0.83 (0.65-1.07), NS; Poorer, OR 1.02 (0.80-1.30); Richer, OR 1.10 (0.86-1.41); Richest, OR 1.15 (0.87-1.52)
	

	20
	South Africa
	Tyrovolas 2015 [20]
	Adjusted for age, sex and marital status
	Adjusted for age, sex and marital status
	
	Compared with ≤primary level: Secondary OR 0.66* (0.46-0.95), p<0.05; ≥Tertiary, OR 0.66 (0.41-1.06), NS 
	Compared with middle wealth quintile: Poorest OR 0.85 (0.54-1.35), NS; Poorer, OR 0.78 (0.49-1.24); Richer, OR 0.87 (0.54-1.39); Richest, OR 1.14 (0.69-1.89)
	


NS = not statistically significant; OR = odds ratio; SES = socioeconomic status
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Health insurance and wealth quintile Only one study, a SAGE multi-country study, assessed the association between having health insurance and being hypertensive in a multivariate model [18]. It found that having health insurance was not significantly associated with hypertension in Ghana or South Africa.
There were contrasting patterns in the relationship between wealth quintile and the prevalence of hypertension in Ghana and South Africa (Fig. 2). In Ghana, the prevalence increased with increasing wealth quintile whereas in South Africa, the difference between the different quintiles groups was minimal [19]. The ratio of the prevalence in the richest and poorest quintiles was 1.39 and 1.04 in the two respective countries.
Wealthier quintile groups were independently associated with hypertension in older adults in the SAGE study in Ghana [19, 21] (Tables 3 and 4). Consistent with the positive gradient economic observed in the crude analysis in Ghana, the adjusted odds ratio associated with hypertension in the multivariate analysis increased steadily from 1.20 in the second wealth quintile (Q2), to 1.36 in Q3, 1.55 in Q4 and 1.68 in the richest quintile group when compared to the poorest wealth quintile [19]. However, no such dose-response gradient was observed among the subjects in South Africa in whom only the adjusted odds ratio comparing the richest to the poorest wealth quintile was statistically significant. In two other multi-country publications of the same SAGE data on Ghana and South Africa which fitted models with additional variables, wealth quintiles were not associated with hypertension [18, 20]. Neither were they associated with stage 1 or stage 2 systolic hypertension (SHTN) or diastolic hypertension (DHTN) in Ghana [21]. Consistent with the SAGE Ghana pattern, another multivariate analysis concluded that low monthly income of adults aged ≥60 years in Nigeria protected against hypertension.

Fig. 2
Prevalence of hypertension by wealth quintile. Source: Lloyd-Sherlock et al. 2017 [
19
]


Lifestyle factors Body mass index. In both bivariate and multivariate analyses, overweight as well as general and abdominal obesity was consistently associated with a higher prevalence of hypertension [26, 36]. Overweight/obese (BMI ≥25 kg/m2) subjects were 1.2 to 2.0 times as likely as non-overweight subjects (BMI < 25 kg/ m2) to have hypertension, with the difference being statistically significant [26, 30]. The relationship followed a dose-response pattern in Tunisia with prevalence at
29.9% among normal weight elderly subjects (BMI 18.0– 24.9 kg/m2), 49.1% among those overweight non-obese (BMI 25.0–29.9 kg/m2) and 64.2% among those obese (BMI ≥30.0 kg/m2) [26]. Conversely, being underweight (BMI < 18.5 kg/m2) was associated with a lower prevalence of hypertension in South Africa [23].
In all the models in which it was evaluated whether as a categorical or continuous variable, BMI or overweight/ obese was strongly, consistently and independently correlated with hypertension [18–21, 23–26, 30, 34, 36, 39] (Table 5). The adjusted odds of being overweight or obese in subjects with hypertension was up to 3.7 times that in non-overweight/non-obese subjects [37, 39]. It increased with increasing BMI status [20, 26, 36]. Compared with those with normal BMI, the adjusted odds ratio associating underweight adults involved in the cross-country SAGE study with hypertension (compared with adults with normal BMI) was protective in Ghana but not in South Africa [18, 20].
Other lifestyle factors The relationships between other lifestyle factors and hypertension were not as remarkable as that with the BMI. In isolated studies, alcohol use in the past one month in South Africa [23] and being an former or current smoker in CAR/Congo [36] protected against having hypertension. Daily tobacco use or inadequate fruit and vegetable intake was not significantly associated with hypertension in South Africa [23]. There was an inverse association between the level of physical activity and hypertension in CAR/Congo [36]. However, in South Africa, the association was not statistically significant [23]. Frequent outpatient visits during the past 12 months was significantly associated with hypertension in South Africa [23] but not in Senegal [30]. A social cohesion index constructed to assess the extent of social engagement with society, club, union, or any organizational meeting in one study was not significantly associated with hypertension [23].
The inverse association between alcohol intake and hypertension in South Africa persisted in multivariate analysis [23]. The adjusted odds of being heavy drinker in hypertensives was 57% lower than that of being a lifetime abstainer [20]. In contrast, alcohol intake was associated with a 41% greater prevalence of stage 1 SHTN in Ghana [21]. Overall, it was not significantly associated with stage 1 or 2 DHTN or any hypertension in Ghana [20, 21], Congo or Central African Republic [36] or Nigeria [37].
The association between smoking and hypertension was inconsistent between consumption habits or countries. Current non-daily or former smoking was independently associated with hypertension as a harmful predictor in the same multi-country analyses of the SAGE study in Ghana but not in South Africa [18]. In similar analyses, former smoking was independently associated with higher prevalence of hypertension in South Africa but not in Ghana [20]. Contrary to these findings, in CAR/Congo, current smoking was associated with a lower prevalence of hypertension [36] while in Nigeria, having ever smoked tobacco was not independently associated with hypertension [37].
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Table 5  Comorbidities and other determinants associated with hypertension in older adults in Africa
	No.
	Country
	Reference
	Physical activity
	Obesity or adiposity
	Alcohol
	Diabetes
	Other determinants

	1
	Nigeria
	Abegunde 2013 [24]
	
	Compared with normal BMI: obese OR = 2.8** (1.52-5.29); p=0.001
	
	
	

	2
	Ghana
	Boateng 2017 [21]
	
	Compared with BMI normal weight category: underweight RR = 0.65** (0.40, 0.81) p ≤0.01 (Stage 1 SHTN); RR= 0.57*** (0.41, 0.81), p ≤0.001 (Stage 2 SHTN).  
Overweight RR= 1.73*** (1.24, 2.40), p ≤0.001 (Stage 2 SHTN)
Obese RR = 1.64* (1.07, 2.51) p ≤0.05 (Stage 1 SHTN); RR= 1.81* (1.19, 2.77), p ≤0.01 (Stage 2 SHTN)
	Consumes alcohol compared with does not consume alcohol: RR 1.41 (1.08, 1.85)  p ≤0.05 (Stage 1 SHTN); RR= 0.89 (0.68, 1.18) NS (Stage 2 SHTN).  
	
	Compared with subjects with no religion: Traditional religion, RR 0.38 (0.19, 0.75)  p ≤0.01 (Stage 2 SHTN)

	3
	Ghana
	Boateng 2017 [21]
	
	Compared with BMI normal weight category: underweight RR = 0.75 (0.54, 1.02) NS (Stage 1 DHTN); RR= 0.63 (0.47,0.85), NS (Stage 2 DHTN).  
Overweight RR= 1.51* (1.06, 2.15), p ≤0.05 (Stage 1 DHTN); 1.67*** (1.21, 2.31), p ≤0.001 (Stage 2 DHTN)
 Obese RR = 1.79** (1.16, 2.77) p ≤0.01 (Stage 1 DHTN); RR= 1.77** (1.18, 2.63), p ≤0.01 (Stage 2 DHTN)
	Consumes alcohol compared with does not consume alcohol: RR 0.94 (0.71, 1.23), NS (Stage 1 DHTN); RR= 0.91 (0.71, 1.16), NS (Stage 2 DHTN).  
	
	Compared with subjects with no religion: Other religion, RR 0.30 (0.11, 0.82)  p ≤0.01 (Stage 1 DHTN); 
Traditional religion RR = 0.35 (0.19, 0.75)  p ≤0.001 (Stage 2 DHTN)

	4
	Tanzania
	Dewhurst 2013 [25]
	
	Increasing BMI: OR 1.09 (1.06-1.12)
	
	
	Compared with subjects of non-Chagga tribal origin: Chagga tribe, OR 1.65 (1.18-2.30)

	5
	Tunisia
	Hammami 2011 [26]
	
	BMI (continuous) OR 2.01** (1.5 - 2.5); P<0.01
	
	Self-reported diabetes OR 2.06 (1.45-3.5), p<0.001
	Disability OR 1.6 (0.9-2.7), p<0.001

	6
	Ghana
	Lloyd-Sherlock 2014 [18]
	High physical activity (ref.): Moderate, OR = 1.02 (0.83-1.25); Low, OR 1.09 (0.92-1.30)
	Normal BMI (ref): Underweight, OR 0.65 (0.54-0.79); Overweight, OR 1.77 (1.48-2.12); Obese, OR 2.30 (1.76-3.00)
	Life-time abstainers (ref.): non-heavy drinker, OR 0.80 (0.69-0.94); Infrequent heavy drinkers, OR 1.24 (0.66-2.33); Frequent heavy drinkers, OR 1.24 (0.66-2.33)
	
	Never smoker (ref.): Less than daily / ever smoker, OR 1.24 (1.02-1.49); Daily, OR 0.83 (0.61-1.12).

Has health insurance vs.  Uninsured, OR 1.08 (0.94-1.25)

	7
	South Africa
	Lloyd-Sherlock 2014 [18]
	High physical activity (ref.): Moderate, OR = 0.91 (0.66-1.26); Low, OR 0.77 (0.61-0.97)
	Normal BMI (ref): Underweight, OR 0.96 (0.58-1.59); Overweight, OR 1.57 (1.29-2.06); Obese, OR 1.85 (1.43-2.39)
	Life-time abstainers (ref.): non-heavy drinker, OR 0.66 (0.47-0.91); Infrequent heavy drinkers, OR 0.41 (0.25-0.67); Frequent heavy drinkers, OR 0.45 (0.17-1.15)
	
	Never smoker (ref.): Less than daily / ever smoker, OR 1.05 (0.78-1.42); Daily, OR 1.07 (0.81-1.42).


Has health insurance vs.  Uninsured, OR 0.92 (0.71-1.20)

	8
	Senegal
	Macia 2012 [30]
	
	Compared with BMI <25: BMI ≥25, OR=1.86** (1.24-2.79), p<0.01
	
	
	Married (ref.): Not married, OR 0.81 (0.51-1.28) 

	9
	Kenya
	Mathenge 2010 [31]
	
	BMI and WHR adjusted
	Alcohol use adjusted
	Diabetes (laboratory-confirmed) adjusted
	Ethnicity Kalenjins (ref.): Kikuyus OR 1.4 (1.2-1.7)

	10
	Ghana
	Minicuci 2014 [22]
	
	Normal weight (ref.): Overweight BM 25.0-29.9 kg/m2 OR = 1.72 (1.40 - 2.11); 
Obese BMI ≥30.0 kg/m2 OR 2.03 (1.53-2.71) 
Underweight (BMI <18.5 kg/m2) OR 0.63 (0.50-0.80)
	
	
	Administrative region.  Greater Accra (ref.): Ashanti OR 1.14 (0.78-1.66); Brong Ahafo, OR 0.98 (0.66-1.45); Central, OR 1.03 (0.69-1.52); Eastern, OR 1.03 (0.73-1.45); Northern, OR 0.90 (0.54-1.49); Upper East, OR 0.37 (0.24-0.58); Upper West, OR 0.24 (0.12-0.46); Volta, OR 0.99 (0.65-1.48); Western, OR 0.81 (0.54-1.21)

	11
	Ghana
	Nuertey 2017 [34]
	
	Adjusted OR 1.8 (1.5-2.0) compares overweight/obese in hypertensives and non-hypertensives
	
	Adjusted for self-reported diabetes
	

	12
	South Africa
	Peltzer 2013 [23]
	
	Normal weight (ref.): Overweight BMI ≥25 kg/m2 OR = 1.52 (1.15 - 2.01)**, p<0.01
Underweight (BMI <18.5 kg/m2) OR 0.77 (0.36-1.64
	Alcohol use over past one month, OR = 0.64 (0.49 - 0.84)
	Self-reported diabetes, OR 1.30 (0.86-1.98)
	Race black African (ref.): white OR 1.23 (0.66-2.30); Coloured OR 1.89 (1.04-3.44); Indian or Asian OR 0.82 (0.47-1.42)
 
Self-reported stroke OR 4.48 (1.48-13.59)**, p<0.01

Self-reported arthritis OR 1.13 (0.75-1.69)

Outpatient visits in past 12 months; Nil (ref.):1-4 visits OR 1.14 (0.80-1.63); ≥ 5 visits vs. nil, OR = 1.93 (1.48 - 2.51)

	13
	CAR, Congo
	Pilleron 2017 [36]
	high physical activity ≥150 min/wk vs. <150 min/wk; OR = 0.75 (0.59-0.96); p=0.023
	BMI (continuous variable); OR = 1.09*** (1.06-1.12); p<0.001
	Compared with abstainers: light OR=0.99 (0.77-1.27); moderate to heavy OR = 0.89 (0.42-1.89); p=0.953
	Diagnosed diabetes OR 0.85 (0.56-1.28), p=0.408
	Compared with tobacco nonuser: ex-user OR=0.65 (0.41-1.03); current smoker OR=0.60 (0.38-0.95); other mode of intake OR=0.81 (0.60-1.11)

High cholesterol vs normal level: OR 1.33 (0.90-1.97)

	14
	Nigeria
	Raji 2017 [37]
	
	Overweight/obesity BMI ≥25 kg/m2 OR = 3.72 (1.47 - 9.40)**, p=0.007
	Never drank alcohol (ref.): Drank alcohol  OR 0.84 (0.66-1.09), NS
	No history of self-reported diabetes (ref.): Self-reported diabetes OR 0.91 (0.50-1.75), p value=0.389
	Cigarette smoking OR 0.97 (0.73-1.29), p value=0.819

	15
	Uganda
	Scholten 2011 [38]
	
	
	
	
	Married (ref.): Not married, OR 0.92; NS

HIV infection and treatment, No HIV (ref.): HIV on ART, OR 0.50, NS; HIV no ART, OR 0.23, p value = 0.01

	16
	Cameroon
	Tianyi 2017 [39]
	 
	Overweight/obesity vs. Others, OR = 3.46 (2.38 - 5.03)***, p<0.001
	 
	
	

	17
	Ghana
	Tyrovolas 2015 [20]
	Compared with high level physical activity: Moderate, OR 0.96 (0.72-1.28), NS; Low, OR 1.12 (0.91-1.38), NS
	Compared with normal BMI: 
underweight OR 0.70 (0.55-0.90)**, p<0.01;
overweight OR 1.90 (1.54-2.35)***, p<0.001; BMI 30.0-34.9 category OR 2.14 (1.51-3.04)***, p<0.001; BMI ≥ 35 OR 2.78 (1.65-4.69)***, p<0.001
	Compared with never: Non-heavy OR 1.01 (0.86-1.19), NS; Heavy OR 1.07 (0.62-1.84), NS
	Self-reported Yes vs No: OR 2.37 (1.51-3.74)***, p<0.001
	History of stroke, Yes vs. No: OR 3.45 (1.70-7.01)***, p<0.001.

Fruit servings/day, 0-1 (ref): 2-4 servings OR 1.05 (0.86-1.28); ≥5 servings, OR 1.64 (1.13-2.39)**, p<0.01

Vegetable servings/day, 0-1 (ref): 2-4 servings OR 1.04 (0.84-1.27); ≥5 servings, OR 0.68 (0.35-1.34)

Compared with never smoker: Current smoker OR 0.78 (0.60-1.01); Ex-smoker, OR 1.22 (0.96-1.54)

	18
	South Africa
	Tyrovolas 2015 [20]
	Compared with high level physical activity: Moderate, OR 0.76 (0.50-1.17), NS; Low, OR 0.67 (0.47-0.96)*, p<0.05
	Compared with normal BMI: 
underweight OR 0.84 (0.47-1.51);
 overweight OR 1.53 (1.07-2.19), p<0.05; BMI 30.0-34.9, OR 1.65 (1.06-2.58), p<0.05; BMI ≥ 35 OR 1.60 (1.04-2.44), p<0.05
	Compared with never: Non-heavy OR 0.92 (0.62-1.35), NS; Heavy OR 0.43** (0.23-0.81), p<0.01
	Self-reported Yes vs No: OR 1.61 (0.96-2.70)
	History of stroke, Yes vs. No: OR 3.18** (1.36-7.43), p<0.01



Fruit servings/day, 0-1 (ref): 2-4 servings OR 0.90 (0.65-1.24); ≥5 servings, OR 1.87 (0.63-5.54)



Vegetable servings/day, 0-1 (ref): 2-4 servings OR 1.55* (1.11-2.18), p<0.05; ≥5 servings, OR 1.20 (0.58-2.46)



Compared with never smoker: Current smoker OR 1.25 (0.87-1.78); Ex-smoker, OR 1.70* (1.01-2.85), p<0.05


ART = antiretroviral therapy; BMI = body mass index; DHTN = diastolic hypertension; HIV = human immunodeficiency virus; NS = not statistically significant; OR = odds ratio; RR = relative risk; SHTN = systolic hypertension







Concerning dietary factors, participants who ate three or more meals daily had 85% higher adjusted odds of having hypertension than those who ate one meal daily [36]. From the multi-country SAGE data analyses, higher fruit intake of ≥5 daily servings was independently associated with hypertension in Ghana but not in South Africa [20] (Table 5). Conversely, 2–4 daily vegetable servings was independently associated with hypertension in South Africa but not in Ghana [20]. In a separate model, examined and self-reported hypertension was not associated with insufficient fruit and vegetable intake in South Africa [44].
As with alcohol intake and current or former smoking, the relationship between physical activity and hypertension was erratic and somewhat contradictory. High level of physical activity was associated with a lower prevalence of hypertension in Congo and CAR [36] and a higher prevalence of hypertension in South Africa [18, 20] (Tables 4 and 5). In Ghana and Tunisia, physical activity was not significantly associated with hypertension [18, 20, 26].
The positive relationship observed between frequent outpatient visits in the preceding 12 months and hypertension in South Africa remained in the multivariate analysis with adjusted odds ratio 1.93 (95% CI 1.48– 2.51) (Table 5) [23].
Comorbidity Having a history of self-reported diabetes, stroke or arthritis was associated with hypertension in Tunisia or South Africa [23, 26] but not in Nigeria [37]. Similarly, dependency, disability or activity limitation was associated with hypertension [23, 26]. The presence of laboratory-confirmed diabetes was, however, not associated with hypertension in CAR/Congo [36]. A subjective self-appraisal of being moderately well was associated with hypertension in South Africa but not having bad or very bad health [23]. A diagnosis of lifetime depression was not associated with hypertension in elderly subjects in Nigeria [37].
In the multivariate analyses, a medical history of diabetes and a subjective status of moderate health among older adults in South Africa lost their statistically significant association with hypertension [23]. Self-reported diabetes remained significantly associated with hypertension in Tunisia [26] and Ghana [20] (Tables 4 and 5). As in the crude analyses, it was not independently associated with hypertension in CAR/Congo [36], Nigeria [37] or South Africa [20, 23]. On the other hand, history of a stroke was a very strong predictor of hypertension in both Ghana and South Africa with adjusted odds ratios of 3.45 and 3.18 respectively [20].
High cholesterol among elderly subjects in Congo and CAR [36] was associated with hypertension in the crude analysis but this association disappeared in the adjusted analysis (Table 3). In the multivariate analyses, dependency, activity limitation or disability was significantly associated with hypertension in Tunisia [26] but not in South Africa [23] or Tanzania [25]. Hypertension and self-reported arthritis were not associated with each other both in the crude and adjusted analyses in South Africa [23, 45].
Compared with those who were not infected, older adults in Uganda who infected with the human immunodeficiency virus (HIV) and were on antiretroviral therapy had 77% lower odds of having hypertension after adjusting for sociodemographic variables [38].
Summary of determinants 
From the bivariate analyses, the positive risk factors frequently associated with hypertension in older adults included older age group, female sex, urban residence, ethnicity, self-reported diabetes or stroke, and overweight/obesity. There were no consistent protective factors. The relationship between socioeconomic factors such as occupation, education and wealth quintile with hypertension was variable as was doctor visits in the past year. Smoking and alcohol intake did not emerge as harmful risk factors for hypertension. Marital status and religion were of no import to the presence of hypertension in older adults.
The strongest and most robust predictors of hypertension were overweight/obesity or increasing BMI and a history of stroke. Older age and female sex were frequent predictors in the multivariate analyses. Marital status, educational attainment and not having a health insurance were mostly not associated with hypertension. The association between lifestyle variables (such as alcohol intake, current or former smoking, fruit and vegetable intake and physical activity) and most comorbid factors with hypertension was inconsistent.
Discussion
To our knowledge, this is the first reported comprehensive systematic review of the literature on the determinants of hypertension in older adults in Africa. The major strengths of this review are the inclusion of a wide scope of studies published in multiple languages and having varied study designs. We assessed the relationship between a wide range of demographic, socioeconomic, lifestyle and comorbid covariates with hypertension from both bivariate and multivariate analyses. Most of the studies were deemed to have low or moderate risk of bias. The review highlights the dearth of studies on determinants of hypertension in this age group in Africa with coverage of only twelve African countries.
Consistent with other reviews in Africa, our review showed that older age group and overweight/obesity were independently associated with hypertension [7, 11, 46, 47]. These same variables are also positive predictors of diabetes among older adults in Africa [48]. Our findings contrast with those of a recent meta-analysis of hypertension in older people in Africa which did not find any significant difference in the prevalence across age groups [49]. There is a biological basis for the increase in hypertension with age that is related to changes in the arterial structure and function, notably arterial stiffening with adverse consequences on cardiac structure and function [50, 51]. There is also a decline in plasma renin activity, impaired renal function and homeostatic mechanisms associated with an ageing kidney. It is ironic that the older age group which suffers the highest relative burden of hypertension is often neglected in the public health agenda in Africa [52, 53]. This situation is unacceptable considering the established evidence that cardiovascular diseases in old age can be prevented or well managed to promote a good quality of life [50, 54, 55].
As in the current review, we found in a previous systematic review that obesity or adiposity measures were strong predictors of hypertension among different cadres of workers in West Africa [11] with, for example, adjusted odds ratio of about 3.4 among health workers in a teaching hospital in Nigeria [56]. In a recent analysis of demographic and health survey results in five subSaharan countries, the adjusted odds ratios for hypertension was 2.44 (95% CI 2.19–2.72) and 5.34 (95% CI 4.75–5.99) among overweight and obese women respectively compared with women of normal BMI [57].
A meta-analysis of prospective studies published up to January 2017 estimated that the risk of hypertension increased by 49% for every five-unit increment in BMI, by 27% per 10 cm increase in waist circumference, and by 37 and 74% per 0.1-unit increment in waist-to-hip ratio and waist-to-height ratio respectively [58]. Another meta-analysis of published articles up to January 2016 estimated that losing excess weight may reduce the risk of hypertension by 24 to 40% in people who are overweight and by 40 to 54% in people who are obese [59]. As with older age, the close epidemiological and possibly causal link between obesity and hypertension is biologically plausible [60].
Urbanization appears to provide the catalyst for the obesity epidemic in Africa. In West Africa, a meta-analysis revealed that the prevalence of obesity increased by 114% over a 15-year period from 1990 to 2014 whereas the much lower prevalence remained stable in the rural populations [61]. There has been a rapid growth of the fast food industry in urban areas as incomes of the middle class along with increased opportunities and preferences for eating outside of home [62]. It is likely that the obesogenic environment engendered by urbanization, trade liberalization, growing food and beverage food industry and changing lifestyles contribute to the development and progression of obesity from younger ages [63]. Fortunately, there is now growing awareness of healthy food practices although these practices may be influenced by individual finances, physical, psychological and community factors [64].
The sex-differences in the prevalence of hypertension in Africa have been inconsistent. Some reviews have found minimal non-statistically significant differences [7, 46, 47, 49] while others have found greater prevalence among men [65, 66]. Unlike our previous review in which we identified male sex as one of the determinants of hypertension among workers in West Africa [11], we found in the current review that female sex was independently associated with hypertension in most studies among older adults in Africa. A global review found a higher mean blood pressure and age-standardized prevalence of hypertension among men [67]. The pattern of lower prevalence of hypertension in premenopausal women than men and the subsequent higher prevalence in postmenopausal women may be typical [68, 69]. Multiple mechanisms such as androgen-mediated increase in angiotensinogen leading to increase in endothelinmediated vasoconstriction; oxidative stress; sympathetic nervous system activation; and increased anxiety or depression have been proposed as possible explanation for the higher prevalence in postmenopausal women [69]. Besides their higher odds for hypertension, older women are also at a significantly higher risk of having multiple risk factors for NCDs [42].
In the bivariate analysis, the prevalence of hypertension in older adults was almost always higher in urban than in rural populations in our review. In multivariate analysis, however, the greater odds of hypertension associated with urban residence was less consistent. Other systematic reviews in Africa have made similar observations [46, 47, 65, 70]. It appears the gap in the prevalence between urban and rural areas has been narrowing [71–73]. In a recent study in Zambia, the prevalence in rural populations was twice that in urban population [74].
Except in Nigeria where not being married was protective, marital status was not independently associated with hypertension. The reason for the protective effect of unmarried status of older adults for hypertension in Nigeria is not clear from the primary study included in the review. In a meta-analysis involving studies from western countries, being married was independently associated with a greater adjusted odds of having nocturnal dipping and lower mean night-time SBPs among subjects participating in a controlled dietary intervention [75]. This may be because married people have a better satisfaction with life [76] or may be due to socialcognitive factors, neuroendocrine processes, biological mediators and health behaviours [75].
Among the socioeconomic factors, we found that the association between education and wealth index with hypertension in older adults in Africa was inconsistent. We observed similar inconsistent results with education in the systematic review of hypertension among workers in West Africa [11]. The direction of the association between education and hypertension among older adults in the two SAGE countries, Ghana and South Africa was discordant [18]. In the analysis involving all the six low- and middleincome SAGE countries (China, Ghana, India, Mexico, Russia, and South Africa), education was not independently associated with hypertension in participants aged ≥18 years [77]. The prevalence of hypertension has been shown to increase with increasing illiteracy in some reviews [47] and multi-country analyses [57]. Since in low-income countries, those with higher education tend to be overweight or obese [78, 79], it may have been expected that higher education would predict hypertension if the relationships were linear or unconfounded. Longitudinal studies could help define how the relationship between education and obesity differ over the life course [78].
As with education, we observed a somewhat discordant relationship between wealth and hypertension among older adults in the SAGE studies in Ghana and South Africa [19]. In South Africa, as in Russia, with high average prevalence of hypertension, the socioeconomic gradient by wealth quintiles was almost flat [19]. In contrast, in Ghana and India, the socioeconomic gradient relating wealth quintile with hypertension in older adults was positive with the ratio of the prevalence between the richest and poorest wealth quintile groups being in the order of 1.4–1.6. In the two other SAGE countries, China and Mexico, which had a similar average prevalence of hypertension, there was less clear pattern and the socioeconomic gradient appeared negative.
As we found for older adults involved in SAGE Ghana [19], a recent analysis of studies among women aged 15–49 years in five sub-Saharan African countries also found that increasing wealth index was independently associated with hypertension along a dose-response gradient [57]. Clearly, the relationship between wealth and hypertension is context-specific. Further studies are required to more clearly define the socioeconomic predictors of hypertension and its complications, particularly in poor households who tend to be less aware of their disease and achieving worse outcomes [19].
With regards to lifestyle factors, we found an inconsistent relationship between physical activity and alcohol intake with hypertension in the current review. The crosscountry analysis of the SAGE data of participants aged ≥18 years in the six SAGE countries did not find any independent association between exercise and hypertension [77]. Nevertheless, the role of physical activity in improving cardiovascular outcomes in older adults is wellrecognized [80–82]. The inconsistent findings may be related to methodological issues such as the study design, study population and sample size.
As with physical activity, we found an inconsistent relationship between alcohol intake and hypertension in older adults in our review. This contrasts with the finding in our previous review among workers in West Africa in which we found that alcohol intake was generally associated with hypertension [11]. The protective effect of moderate drinking against cardiovascular disease has been widely publicized for many years [83, 84]. Recent evidence is emerging from cohort studies that alcohol at any level increases the risk of incident hypertension [85]. A meta-analysis found that, compared with abstainers, light drinking (1 to 2 drinks/day) in men increased the risk of hypertension by 19%, with the risk increasing in a dose-response manner to 74% in those drinking ≥5 drinks daily [85]. In women, the increased risk was observed in those taking two or more standard drinks daily. No level of alcohol consumption was protective in men or women. Consistent with this finding, a meta-analysis found that a reduction in alcohol intake in people who drank more than two drinks per day in the UK was associated with increased blood pressure reduction [86]. Existing recommendations to reduce alcohol intake among older adults and to discourage middle-aged adults from taking up regular alcohol intake may, therefore, be pertinent [50, 87, 88]. In the current review, the inverse association of alcohol intake and hypertension in South Africa among older adults is inconsistent with recent findings and may be due to methodological differences in study design, study population, exposure to alcohol, and length of follow-up. Similarly, our finding of an inconsistent relationship between self-reported history of diabetes and hypertension in older adults in Africa in the current review contrasts with that in our previous review in which it was a consistent determinant of hypertension in West African workers [11].
Some limitations of this review should be noted. A major limitation was the limited number of covariates, particularly lifestyle and comorbid factors, investigated in individual studies for their relationship with hypertension. It is therefore likely that some important confounders were not included in the models. Even in those where several covariates were included in the models presented, there are likely to still be unmeasured confounders. The effect sizes from the few studies which enrolled non-representative samples may be biased. The study populations were diverse and so the study findings may not be generalizable to specific groups. The differences in ability of participants to recall history of past illness or behaviour could explain differences in the relationships observed between studies. The definition of some lifestyle covariates such as alcohol consumption and physical activity differed between studies making comparisons difficult. The statistical determinants identified in this review do not imply causality, especially because most of the included studies were cross-sectional. For example, the consistent association between a history of stroke and having hypertension should not be interpreted to mean that stroke is a biological risk factor for hypertension.
Conclusions
We identified older age, overweight/obesity, female sex, urban residence, history of stroke as the frequent or consistent determinants of systemic hypertension in older adults in Africa. Socioeconomic and lifestyle factors generally had variable relationships with hypertension. Further research with longitudinal studies is needed to better define the determinants of incident hypertension in this group. Future reviews could perform meta-analysis to obtain pooled estimates of the risk factors as well as explore what strategies such as weight reduction throughout the life course, including the middle and older age groups, improve cardiovascular health so that public health authorities can implement the most appropriate policies.
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	No.
	Source
	Domain
	Measures
	Categories

	I
	Household
	1) Contact record, sampling, GPS, re-contact information
	Identification and contact details; structure of household; dwelling characteristics; improved water, sanitation and cooking facilities
	 

	 
	 
	2) household roster including health insurance coverage of household members
	Persons in household needing care; mandatory and voluntary health insurance coverage
	Insurance: mandatory, voluntary, both, nil

	 
	 
	3) housing;
	 
	 

	 
	 
	4) household and family support/transfers
	Family, community and government assistance into and out of the household; informal personal care provision/receipt
	 

	 
	 
	5) assets and household income;
	List of household assets; sources and amount of household income; improved household expenditure on food, goods and services, health care
	Income quintile: Q1-Q5

	 
	 
	6) overall consumption and health expenditures
	 
	 

	II
	Individual
	 1) Sociodemographic characteristics
	Sex; age; marital status; education; ethnicity/background; religion; language spoken; area of residence; employment and education of parents; childhood residence, migration
	Sex = Male, Female; Age: 50-59, 60-69, 70-79, 80+ years; Residence: rural, urban; Region: 10 regions of Ghana

	 
	 
	2) work history and benefits; 
	Length of time worked; reasons for not working; type of employment; mode of payment; hours worked; retirement
	 

	 
	 
	 3) health state descriptions and disability
	Overall self-rated health; eight self-rated health domains (affect, mobility, sleep/energy, cognition, interpersonal activities, vision, self-care and pain); 12-item WHO Disability Assessment Schedule, Version 2 (WHODAS-II); activities of daily living (ADLs); instrumental activities of daily living (IADLs); vignettes on health state descriptions
	 

	 
	 
	 4) anthropometrics, biomarkers, and performance tests
	Measured blood pressure; self-report and measured height and weight; measured waist and hip circumference; timed walk; near- and distant vision tests; grip strength, executive functioning (verbal recall, digit span forwards and backwards, verbal fluency); spirometry; non-fasting finger-prick blood sample (stored at -20C) as dried blood spots
	BMI (kg/ m2): <18.5= underweight , 18.5 -24.9 = normal weight, 25.0-29.9 = overweight, ≥30  = obese; WHR>0.90cm in men and WHR>0.85cm in women = central obesity

	 
	 
	 5) risk factors and preventive health behaviours
	Smoking; alcohol consumption; fruit and vegetable intake; physical activity (GPAQ)
	Tobacco: current smoker, former smoker, never smoker.  Alcohol: non-heavy drinker (social drinkers, consumed alcohol in the last 30 days); infrequent heavy drinker (binge drinkers, 1–2 days per week with ≥5 standard drinks for men and ≥4 standard drinks for women in the last 7 days); and frequent heavy drinker (3 or more days per week with ≥5 standard drinks for men and ≥4 standard drinks for women in last 7 days).  Fruit and vegetable servings: inadequate is <5 servings (80 g per serving) on a typical day, adequate is ≥5 daily servings.  Physical activity: high physical activity [vigorous intensity activity on at ≥3 days achieving a minimum of ≥1,500 MET (metabolic equivalent)-minutes per week or ≥7 days of any combination of walking, moderate or vigorous intensity activities achieving a minimum of ≥ 3,000 MET-minutes per week], moderate physical activity (≥3 days of vigorous intensity activity of ≥ 20 minutes per day; ≥5 days of moderate-intensity activity or walking of ≥ 30 minutes per day; or ≥5 days of any combination of walking, moderate or vigorous intensity activities achieving a minimum of ≥ 600 MET-minutes per week), and low physical activity (if a person does not meet any of the above criteria) 

	 
	 
	 6) chronic conditions and health services coverage
	Self-reported and symptomatic reporting of arthritis; stroke; angina (Rose Questionnaire); asthma; and, depression (ICD-10, DSM-IV). Self-reporting of diabetes; chronic lung disease; hypertension; cataracts; oral health (edentulism); injuries; cervical and breast cancer screening
	Hypertension ≥140 mmHg (systolic BP) or ≥90 mmHg (diastolic BP), or if the subject taking anti-hypertensive medications in past 2 weeks.  Aware = hypertensive subjects who has previously been diagnosed by a health professional.  Under control = hypertensive subjects on treatment in the last 2 weeks and BP < 140/90 mmHg; else = uncontrolled hypertension.

	 
	 
	7) health care utilization and health system responsiveness
	Past need for health care; reasons for health care or for not receiving health care; inpatient and outpatient health care: number of admissions/visits within the past 3 years (inpatient) or 1 year (outpatient); reasons for admission/visit; details of hospital or provider; costs of hospitalization or health care visit; satisfaction with treatment; health system responsiveness; vignettes for responsiveness of health services
	 

	 
	 
	 8) social cohesion
	Community involvement and social networks; perceptions of other people and institutions; safety in local area; stress; interest in politics and perceptions of government
	 

	 
	 
	 9) subjective well-being and quality of life
	Perceptions about quality of life and well-being; 8-item WHO Quality of Life measure (WHOQoL); Day Reconstruction Method (DRM)
	 

	 
	 
	 10) impact of caregiving.
	Household members needing care; type of care required; length of time spent on care; costs of care; impact of providing care on career well-being
	 


Source: Adapted from Biritwum et al. (2013)  and Minicuci et al. (2014) 
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[bookmark: _Toc51472175]Table A5  Assessment of data suitability for principal component analysis
	Characteristic
	
	Wave 1
	Wave 2

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	 
	0.837
	0.817

	Bartlett's Test of Sphericity
 
	Approx. Chi-Square
	53761.528
	51440.511

	
	df
	465
	435

	
	Sig.
	0.000
	0.000

	Determinant
	
	3.62E-05
	4.21E-05

	Number of items
	
	31
	30



[bookmark: _Toc51472176]Table A6  Total variance explained in principal component analysis to compute wealth index in SAGE Ghana Study Waves
	Component
	Initial Eigenvalues
	Extraction Sums of Squared Loadings 
	Rotation Sums of Squared Loadings

	 
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	Wave 1

	1
	6.30
	20.32
	20.32
	6.30
	20.32
	20.32
	3.59
	11.58
	11.58

	2
	2.97
	9.58
	29.89
	2.97
	9.58
	29.89
	2.35
	7.60
	19.18

	3
	2.03
	6.56
	36.45
	2.03
	6.56
	36.45
	2.33
	7.51
	26.68

	4
	1.49
	4.82
	41.27
	1.49
	4.82
	41.27
	2.26
	7.30
	33.99

	5
	1.25
	4.03
	45.30
	1.25
	4.03
	45.30
	2.04
	6.59
	40.58

	6
	1.10
	3.54
	48.84
	1.10
	3.54
	48.84
	1.75
	5.65
	46.23

	7
	1.07
	3.44
	52.28
	1.07
	3.44
	52.28
	1.56
	5.02
	51.25

	8
	1.01
	3.26
	55.54
	1.01
	3.26
	55.54
	1.33
	4.29
	55.54

	Wave 2

	1
	5.97
	19.91
	19.91
	5.97
	19.91
	19.91
	4.37
	14.56
	14.56

	2
	3.12
	10.39
	30.29
	3.12
	10.39
	30.29
	3.37
	11.24
	25.79

	3
	2.55
	8.51
	38.81
	2.55
	8.51
	38.81
	2.79
	9.30
	35.09

	4
	1.47
	4.91
	43.72
	1.47
	4.91
	43.72
	1.88
	6.25
	41.35

	5
	1.24
	4.14
	47.86
	1.24
	4.14
	47.86
	1.70
	5.67
	47.01

	6
	1.20
	4.01
	51.87
	1.20
	4.01
	51.87
	1.46
	4.86
	51.87
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[bookmark: _Toc51472179]Table A7:	Model build up for multivariable logistic regression in each study wave

	
	
	Wave 1
	
	Wave 2 

	Variable
	Null
	Model 1, OR (95% CI)
	Model 2, OR (95% CI)
	Model 3, OR (95% CI)
	Null
	Model 1, OR (95% CI)
	Model 2, OR (95% CI)
	Model 3, OR (95% CI)

	Sex of respondent
	
	
	
	 
	
	
	
	 

	Males
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Females
	
	1.11 (0.93-1.33)
	1.07 (0.89-1.29)
	0.99 (0.80-1.22)
	
	0.97 (0.79-1.20)
	0.96 (0.75-1.22)
	0.83 (0.63-1.10)

	Age groups
	
	
	
	 
	
	
	
	 

	50 - 64
	
	1 (1.00-1.00)
	1 (1.00,1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	65 - 74
	
	1.15 (0.97-1.36)
	1.06 (0.88-1.26)
	1.14 (0.94-1.38)
	
	1.62*** (1.32-2.00)
	1.54*** (1.24-1.93)
	1.53*** (1.21-1.93)

	75-plus
	
	0.93 (0.76-1.15)
	0.82 (0.65-1.04)
	0.96 (0.75-1.22)
	
	1.51*** (1.21-1.89)
	1.36* (1.04-1.78)
	1.40* (1.05-1.88)

	Type of residence
	
	
	
	 
	
	
	
	 

	Rural
	
	1 (1.00-1.00)
	1 (1.00,1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Urban
	
	1.50*** (1.28-1.77)
	1.2 (0.99-1.44)
	1.19 (0.98-1.45)
	
	1.46*** (1.19-1.78)
	1.38** (1.08-1.76)
	1.29 (0.99-1.69)

	Regional Groups
	
	
	
	 
	
	
	
	 

	Northern regions
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Other regions
	
	1.97*** (1.54-2.52)
	1.84*** (1.38-2.44)
	1.96*** (1.46-2.63)
	
	1.29 (0.93-1.79)
	1.19 (0.84-1.70)
	1.11 (0.76-1.62)

	Greater Accra Region
	
	2.29*** (1.63-3.24)
	1.88** (1.29-2.75)
	1.96*** (1.32-2.92)
	
	3.12*** (1.89-5.13)
	2.87*** (1.68-4.91)
	2.56*** (1.47-4.48)

	Marital status 
	
	
	
	 
	
	
	
	 

	Currently married or cohabiting
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Previously or never married
	
	1.08 (0.90-1.30)
	1.11 (0.92-1.34)
	1.18 (0.97-1.44)
	
	1.43*** (1.17-1.73)
	1.38** (1.12-1.70)
	1.57*** (1.25-1.96)

	Ethnicity
	
	
	
	 
	
	
	
	 

	Northern groups
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Akan
	
	0.89 (0.68-1.16)
	0.85 (0.65-1.13)
	0.92 (0.69-1.22)
	
	1.1 (0.79-1.52)
	1.14 (0.82-1.59)
	1.17 (0.84-1.65)

	Ga-Adangme
	
	0.79 (0.57-1.10)
	0.75 (0.54-1.04)
	0.8 (0.57-1.13)
	
	1.31 (0.89-1.93)
	1.35 (0.90-2.01)
	1.29 (0.85-1.95)

	Others
	
	0.71* (0.54-0.93)
	0.68** (0.51-0.89)
	0.71* (0.53-0.95)
	
	1.37 (0.90-2.09)
	1.42 (0.93-2.15)
	1.3 (0.83-2.03)

	Religious group
	
	
	
	 
	
	
	
	 

	Christian
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	1 (1.00-1.00)

	Islam
	
	1.27 (0.99-1.62)
	1.30* (1.00-1.68)
	1.24 (0.93-1.65)
	
	1.50* (1.09-2.06)
	1.55** (1.12-2.17)
	1.60** (1.14-2.24)

	Other
	
	0.9 (0.72-1.13)
	0.95 (0.75-1.19)
	1.06 (0.83-1.36)
	
	1.27 (0.90-1.78)
	1.38 (0.95-2.00)
	1.36 (0.93-2.01)

	Educational level
	
	
	
	 
	
	
	
	 

	Nil
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)

	Primary or less
	
	
	0.98 (0.80-1.22)
	0.99 (0.80-1.22)
	
	
	1.31* (1.01-1.71)
	1.27 (0.96-1.68)

	Secondary or higher
	
	
	0.88 (0.69-1.12)
	0.88 (0.69-1.12)
	
	
	1.11 (0.81-1.51)
	1.04 (0.75-1.43)

	Employer in current or most recent job
	
	
	
	 
	
	
	
	 

	Informal
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)

	Self-employed
	
	
	0.95 (0.71-1.27)
	0.95 (0.71-1.26)
	
	
	1.1 (0.86-1.39)
	1.07 (0.82-1.38)

	Public sector
	
	
	1.13 (0.76-1.69)
	1.14 (0.77-1.70)
	
	
	0.9 (0.54-1.48)
	0.75 (0.43-1.30)

	Private sector
	
	
	1.41 (0.87-2.28)
	1.41 (0.87-2.28)
	
	
	1.09 (0.59-2.00)
	0.97 (0.51-1.84)

	Work history past 7 days
	
	
	
	 
	
	
	
	 

	Not currently working
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)

	Currently working
	
	
	0.75** (0.63-0.91)
	0.71*** (0.58-0.87)
	
	
	0.64*** (0.51-0.81)
	0.72* (0.56-0.92)

	Wealth quintile 
	
	
	
	 
	
	
	
	 

	Q1 Poorest
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)
	
	
	1 (1.00-1.00)
	1 (1.00-1.00)

	Q2 Poor
	
	
	1.12 (0.88-1.44)
	0.99 (0.76-1.28)
	
	
	1.14 (0.86-1.53)
	1.07 (0.78-1.45)

	Q3 Mod poor
	
	
	1.25 (0.96-1.64)
	1.09 (0.82-1.44)
	
	
	1.2 (0.86-1.67)
	1.2 (0.84-1.73)

	Q4 Rich
	
	
	1.46* (1.08-1.97)
	1.11 (0.81-1.52)
	
	
	1.04 (0.73-1.48)
	0.97 (0.65-1.44)

	Q5 Richest
	
	
	1.73** (1.22-2.46)
	1.16 (0.79-1.69)
	
	
	1.04 (0.67-1.62)
	0.9 (0.55-1.47)

	Physical activity level
	
	
	
	 
	
	
	
	 

	Low physical activity
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	Moderate physical activity
	
	
	
	0.91 (0.73-1.13)
	
	
	
	0.95 (0.74-1.22)

	High physical activity
	
	
	
	1.34* (1.07-1.67)
	
	
	
	0.79 (0.57-1.08)

	BMI category
	
	
	
	 
	
	
	
	 

	Underweight
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	Normal weight
	
	
	
	1.52*** (1.20-1.94)
	
	
	
	0.95 (0.70-1.30)

	Overweight
	
	
	
	2.65*** (1.91-3.67)
	
	
	
	1.34 (0.86-2.08)

	Obese
	
	
	
	3.02*** (1.98-4.59)
	
	
	
	1.16 (0.69-1.94)

	Waist circumference 
	
	
	
	 
	
	
	
	 

	<80 cm
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	>=80 to <90 cm
	
	
	
	0.98 (0.79-1.22)
	
	
	
	1.18 (0.85-1.62)

	>=90 cm
	
	
	
	1.04 (0.75-1.44)
	
	
	
	1.33 (0.85-2.09)

	Hip circumference
	
	
	
	 
	
	
	
	 

	<90 cm
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	>=90 to <100 cm
	
	
	
	1.17 (0.93-1.47)
	
	
	
	1.13 (0.83-1.54)

	>=100 cm
	
	
	
	1.12 (0.78-1.63)
	
	
	
	1.07 (0.67-1.70)

	Smoke behaviour
	
	
	
	 
	
	
	
	 

	never smoker
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	former smoker
	
	
	
	1.11 (0.86-1.42)
	
	
	
	1.63 (0.83-3.18)

	current smoker
	
	
	
	1 (0.78-1.28)
	
	
	
	1.29 (0.71-2.34)

	Alcohol consumption
	
	
	
	 
	
	
	
	 

	Lifetime abstainer
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	Non-heavy drinker
	
	
	
	0.93 (0.78-1.12)
	
	
	
	1.1 (0.84-1.44)

	Heavy drinker
	
	
	
	1.06 (0.61-1.85)
	
	
	
	0.31* (0.12-0.78)

	Daily fruit/veg serving
	
	
	
	 
	
	
	
	 

	>=5 daily fruit-veg serving
	
	
	
	1 (1.00-1.00)
	
	
	
	1 (1.00-1.00)

	<5 daily fruit-veg servings
	 
	 
	 
	0.95 (0.80-1.13)
	 
	 
	 
	0.80* (0.65-0.99)

	Pseudo R2
	3.33E-16
	0.0337361 
	0.0402655 
	0.0642355 
	-2.22E-16
	0.0531767 
	0.0610681 
	0.0780303 

	AIC
	3,887,906
	3,654,012
	3,525,982
	3,305,987
	4,465,816
	4,228,363
	3,843,052
	3,343,091

	BIC
	3,887,913
	3,654,094
	3,526,127
	3,306,218
	4,465,822
	4,228,443
	3,843,192
	3,341,312

	df_r
	0
	12
	22
	36
	0
	12 
	22 
	36 

	p
	
	0 
	0 
	0 
	
	0 
	0 
	0 

	Observations
	4254
	4144 
	4032 
	3873 
	3542
	3520 
	3234 
	2869 






[bookmark: _Toc51472180]Table A8:	Single level multivariable logistic regression for hypertension comparing model with and without variable for participation in W1 among W2 subjects 

	Variable
	Wave 2, OR (95% CI)
	Wave 2 (cohort adjusted), OR (95% CI)

	Sex of respondent
	
	 

	Males
	1 (1.00-1.00)
	1 (1.00-1.00)

	Females
	0.83 (0.63-1.10)
	0.83 (0.62-1.09)

	Age groups
	
	 

	50 - 64
	1 (1.00-1.00)
	1 (1.00-1.00)

	65 - 74
	1.53*** (1.21-1.93)
	1.54*** (1.21-1.98)

	75-plus
	1.40* (1.05-1.88)
	1.42* (1.05-1.91)

	Type of residence
	
	 

	Rural
	1 (1.00-1.00)
	1 (1.00-1.00)

	Urban
	1.29 (0.99-1.69)
	1.3 (0.99-1.69)

	Regional Groups
	
	 

	Northern regions
	1 (1.00-1.00)
	1 (1.00-1.00)

	Other regions
	1.11 (0.76-1.62)
	1.11 (0.76-1.62)

	Greater Accra Region
	2.56*** (1.47-4.48)
	2.57*** (1.47-4.49)

	Marital status 
	
	 

	Currently married or cohabiting
	1 (1.00-1.00)
	1 (1.00-1.00)

	Previously or never married
	1.57*** (1.25-1.96)
	1.58*** (1.26-1.98)

	Ethnicity
	
	 

	Northern groups
	1 (1.00-1.00)
	1 (1.00-1.00)

	Akan
	1.17 (0.84-1.65)
	1.17 (0.84-1.64)

	Ga-Adangme
	1.29 (0.85-1.95)
	1.29 (0.85-1.95)

	Others
	1.3 (0.83-2.03)
	1.3 (0.84-2.03)

	Religious group
	
	 

	Christian
	1 (1.00-1.00)
	1 (1.00-1.00)

	Islam
	1.60** (1.14-2.24)
	1.59** (1.14-2.23)

	Others
	1.36 (0.93-2.01)
	1.36 (0.92-2.00)

	Educational level
	
	 

	Nil
	1 (1.00-1.00)
	1 (1.00-1.00)

	Primary or less
	1.27 (0.96-1.68)
	1.27 (0.96-1.67)

	Secondary or higher
	1.04 (0.75-1.43)
	1.04 (0.75-1.43)

	Employer in current or most recent job
	
	 

	Informal
	1 (1.00-1.00)
	1 (1.00-1.00)

	Self-employed
	1.07 (0.82-1.38)
	1.07 (0.83-1.38)

	Public sector
	0.75 (0.43-1.30)
	0.75 (0.43-1.31)

	Private sector
	0.97 (0.51-1.84)
	0.97 (0.51-1.84)

	Work history past 7 days
	
	 

	Not currently working
	1 (1.00-1.00)
	1 (1.00-1.00)

	Currently working
	0.72* (0.56-0.92)
	0.72** (0.55-0.92)

	Wealth quintile 
	
	 

	Q1 Poorest
	1 (1.00-1.00)
	1 (1.00-1.00)

	Q2 Poor
	1.07 (0.78-1.45)
	1.07 (0.78-1.45)

	Q3 Mod poor
	1.2 (0.84-1.73)
	1.21 (0.84-1.73)

	Q4 Rich
	0.97 (0.65-1.44)
	0.97 (0.65-1.45)

	Q5 Richest
	0.9 (0.55-1.47)
	0.9 (0.55-1.47)

	Physical activity level
	
	 

	Low physical activity
	1 (1.00-1.00)
	1 (1.00-1.00)

	Moderate physical activity
	0.95 (0.74-1.22)
	0.95 (0.74-1.22)

	High physical activity
	0.79 (0.57-1.08)
	0.79 (0.57-1.08)

	BMI category
	
	 

	Underweight
	1 (1.00-1.00)
	1 (1.00-1.00)

	Normal weight
	0.95 (0.70-1.30)
	0.95 (0.70-1.30)

	Overweight
	1.34 (0.86-2.08)
	1.34 (0.86-2.08)

	Obese
	1.16 (0.69-1.94)
	1.16 (0.69-1.94)

	Waist circumference 
	
	 

	<80 cm
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=80 to <90 cm
	1.18 (0.85-1.62)
	1.18 (0.85-1.62)

	>=90 cm
	1.33 (0.85-2.09)
	1.33 (0.85-2.10)

	Hip circumference
	
	 

	<90 cm
	1 (1.00-1.00)
	1 (1.00-1.00)

	>=90 to <100 cm
	1.13 (0.83-1.54)
	1.13 (0.82-1.54)

	>=100 cm
	1.07 (0.67-1.70)
	1.06 (0.67-1.69)

	Smoke behaviour
	
	 

	Never smoker
	1 (1.00-1.00)
	1 (1.00-1.00)

	Former smoker
	1.63 (0.83-3.18)
	1.63 (0.84-3.18)

	Current smoker
	1.29 (0.71-2.34)
	1.3 (0.72-2.35)

	Alcohol consumption
	
	 

	Lifetime abstainer
	1 (1.00-1.00)
	1 (1.00-1.00)

	Non-heavy drinker
	1.1 (0.84-1.44)
	1.1 (0.84-1.44)

	Heavy drinker
	0.31* (0.12-0.78)
	0.30* (0.12-0.78)

	Daily fruit/veg serving
	
	 

	>=5 daily fruit-veg serving
	1 (1.00-1.00)
	1 (1.00-1.00)

	<5 daily fruit-veg servings
	0.80* (0.65-0.99)
	0.80* (0.65-0.99)

	Cohort status
	
	

	Unique in each wave
	
	1 (1.00-1.00)

	Cohort in both waves
	 
	0.96 (0.77-1.21)

	Pseudo R2
	0.0780303
	0.0780778 

	AIC
	3,341,091
	3,340,921 

	BIC
	3,341,312
	3,341,148 

	p
	0
	0 

	Observations
	2869
	2869 




Exponentiated coefficients; 95% confidence intervals in brackets
* p < 0.05, ** p < 0.01, *** p < 0.001




[bookmark: _Toc51472181]Table A9:	Linktest for single level multivariable logistic regression

Stata Output: survey logistic regression

	
	W1
	W2
	
	
	
	

	Number of strata
	20
	20
	
	
	
	

	Number of PSUs
	235
	213
	
	
	
	

	Number of obs
	3,873
	2,891
	
	
	
	

	Population size
	2,582,187
	2,821,948
	
	
	
	

	Design df
	215
	193
	
	
	
	

	F statistic
	F(2, 214) = 99.65
	F(2, 192) = 51.43
	
	
	
	

	Prob > F
	0.000
	0.000
	
	
	
	

	
	
	
	
	
	
	

	Wave 1

	HTA
	Coefficient
	Linearized standard error
	t
	P>|t|
	95% confidence interval

	
	
	
	
	
	
	

	_hat
	1.061
	0.083
	12.83
	0.000
	0.898
	1.224

	_hatsq
	-0.132
	0.078
	-1.68
	0.094
	-0.286
	0.226

	_cons
	-0.039
	-0.057
	0.68
	0.495
	-0.073
	0.151

	
	
	
	
	
	
	

	Wave 2 

	_hat
	1.102
	0.182
	6.07
	0.000
	0.744
	1.460

	_hatsq
	0.104
	0.108
	0.97
	0.334
	-0.108
	0.317

	_cons
	-0.022
	0.093
	-0.23
	0.817
	-0.205
	0.162



HTA = hypertension; PSU = primary sampling unit
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[bookmark: _Toc51472183]Table A10:	Longitudinal logistic regression analysis with random or fixed effects for determinants of hypertension using combined wave 1 and wave 2 datasets 

	 
	Fixed Effects
	 
	Random Effects
	 

	
	Odds Ratio 
	Standard Error
	Odds Ratio 
	Standard Error

	Sex of respondent
	 
	 
	 
	 

	Males
	1
	(.)
	1
	(.)

	Females
	0.92
	-0.06
	0.88
	-0.08

	Age groups
	
	
	
	

	50 - 64
	1
	(.)
	1
	(.)

	65 - 74
	1.26***
	-0.08
	1.35***
	-0.12

	75-plus
	1.15
	-0.09
	1.24
	-0.14

	Type of residence
	
	
	
	

	Rural
	1
	(.)
	1
	(.)

	Urban
	1.16*
	-0.08
	1.23*
	-0.11

	Regional Groups
	
	
	
	

	Northern regions
	1
	(.)
	1
	(.)

	Other regions
	1.51***
	-0.15
	1.77***
	-0.24

	Greater Accra Region
	2.26***
	-0.3
	2.97***
	-0.55

	Marital status 
	
	
	
	

	Currently married or cohabiting
	1
	(.)
	1
	(.)

	Previously or never married
	1.39***
	-0.09
	1.51***
	-0.13

	Ethnicity
	
	
	
	

	Northern groups
	1
	(.)
	1
	(.)

	Akan
	0.97
	-0.09
	0.98
	-0.12

	Ga-Adangme
	0.87
	-0.1
	0.84
	-0.13

	Others
	0.77**
	-0.07
	0.73**
	-0.09

	Religious group
	
	
	
	

	Christian
	1
	(.)
	1
	(.)

	Islam
	1.26**
	-0.11
	1.34*
	-0.16

	Other
	1.1
	-0.1
	1.09
	-0.13

	Educational level
	
	
	
	

	Nil
	1
	(.)
	1
	(.)

	Primary or less
	1
	-0.07
	1
	-0.1

	Secondary or higher
	0.91
	-0.07
	0.86
	-0.09

	Employer in current or most recent job
	
	
	
	

	Informal
	1
	(.)
	1
	(.)

	Self-employed
	0.95
	-0.08
	0.94
	-0.1

	Public sector
	1.02
	-0.13
	1.07
	-0.18

	Private sector
	1.15
	-0.19
	1.25
	-0.26

	Work history past 7 days
	
	
	
	

	Not currently working
	1
	(.)
	1
	(.)

	Currently working
	0.75***
	-0.05
	0.70***
	-0.06

	Wealth quintile 
	
	
	
	

	Q1 Poorest
	1
	(.)
	1
	(.)

	Q2 Poor
	1.04
	-0.09
	1.03
	-0.12

	Q3 Mod poor
	1.15
	-0.11
	1.19
	-0.15

	Q4 Rich
	1.09
	-0.11
	1.09
	-0.15

	Q5 Richest
	1.15
	-0.14
	1.19
	-0.2

	Physical activity level
	
	
	
	

	Low physical activity
	1
	(.)
	1
	(.)

	Moderate physical activity
	0.87*
	-0.06
	0.84*
	-0.08

	High physical activity
	1.05
	-0.08
	1.06
	-0.1

	BMI category
	
	
	
	

	Underweight
	1
	(.)
	1
	(.)

	Normal weight
	1.28**
	-0.11
	1.36**
	-0.15

	Overweight
	1.86***
	-0.21
	2.24***
	-0.33

	Obese
	2.07***
	-0.28
	2.53***
	-0.46

	Waist circumference 
	
	
	
	

	<80 cm
	1
	(.)
	1
	(.)

	>=80 to <90 cm
	1.05
	-0.08
	1.07
	-0.11

	>=90 cm
	1.19
	-0.13
	1.27
	-0.18

	Hip circumference
	
	
	
	

	<90 cm
	1
	(.)
	1
	(.)

	>=90 to <100 cm
	1.13
	-0.09
	1.14
	-0.12

	>=100 cm
	0.99
	-0.12
	0.99
	-0.15

	Smoke behaviour
	
	
	
	

	never smoker
	1
	(.)
	1
	(.)

	former smoker
	1.18
	-0.11
	1.25
	-0.16

	current smoker
	0.94
	-0.1
	0.91
	-0.12

	Alcohol consumption
	1
	(.)
	1
	(.)

	Lifetime abstainer
	
	
	
	

	Non-heavy drinker
	1.03
	-0.06
	1.04
	-0.09

	Heavy drinker
	0.83
	-0.17
	0.78
	-0.21

	Daily fruit/veg serving
	
	
	
	

	>=5 daily fruit-veg serving
	1
	(.)
	1
	(.)

	<5 daily fruit-veg servings
	0.92
	-0.05
	0.89
	-0.07

	Study wave
	
	
	
	

	wave 1
	1
	(.)
	1
	(.)

	wave 2
	0.38***
	-0.02
	0.28***
	-0.03





[bookmark: _Toc51472184]Appendix 10: Ordinal logistic regression 

[bookmark: _Toc51472185]Table A11:	 Assessment of the proportional odds assumption using Brant, Wolfe Gould and Score tests with different outcomes of the grades of hypertension in the study waves 

	Outcome categories
	No. of category values
	W1
	W2

	
	
	Brant chi2
	p>chi2
	Wolfe Gould chi2
	p>chi2
	Score chi2
	p>chi2
	Brant chi2
	p>chi2
	Wolfe Gould chi2
	p>chi2
	Score chi2
	p>chi2

	Normal, mild, moderate, severe hypertension
	4
	110.77
	0.002
	106.3
	0.005
	108.5
	0.004
	82.71
	0.182
	86.48
	0.117
	93.85
	0.043

	Normal, mild, moderate+severe hypertension
	3
	62.4
	0.004
	56.35
	0.017
	57.16
	0.014
	54.75
	0.023
	54.92
	0.023
	58.65
	0.01

	Normal+ mild, moderate, severe hypertension
	3
	47.69
	0.092
	48.93
	0.074
	50.56
	0.054
	27.79
	0.834
	30.63
	0.723
	34.26
	0.834

	Mild, moderate, severe hypertension
	3
	45.67
	0.13
	45.55
	0.132
	47.09
	0.102
	27.43
	0.847
	30.61
	0.722
	33.22
	0.601
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Urban (Stratum 3)


Rural (Stratum 4)


Rural (Stratum 20)


Urban (Stratum 19)


Urban (Stratum 1)


Rural (Stratum 2)


Enumeration Area 1 (EA 1)
10-15 EAs per stratum selected proportional to size to yield 250 EAs


Enumeration Area 2


Enumeration Area 3


Enumeration Area 249


Enumeration Area 250


Selected 20 Households with at least one person aged 50+ years


Selected 4 households with persons aged 18-49 years


Selected 20 Households with at least one person aged 50+ years


Selected 4 households with persons aged 18-49 years
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Per cent
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Prevalence, awareness, and associated risk
factors of hypertension in older adults in
Africa: a systematic review and meta-
analysis protocol

William K. Bosu'®", Justice M. K. Aheto?, Eugenio Zucchelli® and Siobhan Reilly®

Abstract

Background: The health of older persons has not been a major priority in many African countries. Hypertension is one
of the common health problems of older persons. However, there is little information on the prevalence of hypertension
in older adults in Africa. This is in spite of the fact that Africa has the highest age-standardized prevalence of hypertension
in the world. We therefore present this protocol to conduct a systematic review and meta-analysis on the prevalence of
hypertension and the level of its awareness among older persons living in Africa.

Methods: Major databases (EMBASE, MEDLINE, Academic Search Complete, CINAHL, PsycINFO) and unpublished
literature will be searched to identify population-based studies on hypertension in adults aged 50 years and older living in
Africa. Eligible articles are those which use the 140/90-mmHg cutoff to diagnose hypertension and were published from
1980 to present. We will exclude subjects in restricted environments such as patients and refugees. Articles will be
independently evaluated by two reviewers to determine if they meet the inclusion criteria. They will also evaluate the
quality of included studies using a validated tool by Hoy and colleagues for prevalence studies. The main outcome is the
prevalence of hypertension while the explanatory variables include demographic, socio-economic, dietary, lifestyle and
behavioural factors. Effect sizes in bivariate and multivariate analyses will be presented as odds or prevalence ratios. We
will explore for heterogeneity of the standard errors across the studies, and if appropriate, we will perform a meta-analysis
using a random-effects model to present a summary estimate of the prevalence of hypertension in this population.

Discussion: The estimates of the prevalence, the risk factors and the level of awareness of hypertension could help in
galvanizing efforts at prioritizing the cardiovascular health of older persons in Africa.

Systematic review registration: PROSPERO CRD42017056474

Keywords: Older adults, Hypertension, Risk factors, Determinants, Awareness, Africa

Background

Hypertension is a major risk factor for cardiovascular
diseases, accounting for 52.5% of all strokes in Africa
compared with 38.8% in the industrialized region [1].
The World Health Organization (WHO) estimates that
its African Region had the highest age-standardized
prevalence of adult hypertension in the world in 2008

* Correspondence: wbosu@wahooas.org

"West African Health Organisation (WAHO), 175 Avenue Ouezzin Coulibaly,
01 BP 153, Bobo-Dioulasso, Burkina Faso

*Division of Health Research, Faculty of Health & Medicine, Lancaster
University, Furness Building, Lancaster LA1 4YG, UK

Full list of author information is available at the end of the article

( BioMed Central

(38.1% in men and 35.5% in women) [2]. The mean
blood pressure levels in sub-Saharan Africa (SSA)
increased significantly between 1975 and 2015 to levels
that are among the highest in the world [3]. Before-and-
after studies as well as estimates from systematic reviews
also show significant increases in the prevalence of
hypertension in the same rural or urban populations over
time in Africa [4—6]. Important features of hypertension
in Africa include young age of onset of complications [7],
high prevalence of target organ damage [8-11], poor
knowledge about the disease in the general population
and among hypertensive persons [12, 13], use of

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(httpy//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Year Country

Autnor published  of study
Central

Tianyi 2017 Cameroon
Pilleront 2017 CAR
Pilleron2 2017 Congo
Guerchett 2012 CAR
Guerchet2 2012 Congo

Subtotal (12 = 93.35%, p = 0.00)

Eastern
Mathenge 2010 Kenya

Ice 2008 Kenya
Yerly 2013 Seychelles
Dewhurst 2013 Tanzania
vy 2015 Tanzania
Paddick 2015 Tanzania
Gray 2016 Tanzania
Putnam 2018 Tanzania
Mugisha 2013 Uganda
Kinyanda 2016 Uganda
Scholten 2011 Uganda

Subtotal (12 = 99.05%, p = 0.00)

Northern
Chami 2015 Algeria
El Tallawy 2012 Egypt
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Applicant: William Bosu
Supervisor: Eugenio Zucchelli
Department: Health Research
FHMREC Reference: FHMREC16038

08 December 2016

Dear William

Re: Trends in the prevalence and determinants of hypertension in older adults between
2007 and 2015 in Ghana: a research proposal

Thank you for submitting your research ethics application for the above project for review by
the Faculty of Health and Medicine Research Ethics Committee (FHMREC). The application
was recommended for approval by FHMREC, and on behalf of the Chair of the Committee, |
can confirm that approval has been granted for this research project.

As principal investigator your responsibilities include:

- ensuring that (where applicable) all the necessary legal and regulatory requirements
in order to conduct the research are met, and the necessary licenses and approvals
have been obtained;

- reporting any ethics-related issues that occur during the course of the research or
arising from the research to the Research Ethics Officer at the email address below
(e.g. unforeseen ethical issues, complaints about the conduct of the research, adverse
reactions such as extreme distress);

- submitting details of proposed substantive amendments to the protocol to the
Research Ethics Officer for approval.

Please contact me if you have any queries or require further information.

Tel:- 01542 592838
Email:- fhmresearchsupport@lancaster.ac.uk

Yours sincerely,

o

Dr Diane Hopkins
Research Integrity and Governance Officer, Secretary to FHMREC.
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