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Inter-ethnic differences in cardiovascular disease and risk 

factors: Potential relevance of ambulatory blood pressures. 
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1. Introduction 

 

 As this dissertation refers to a study conducted on the determinants of nocturnal 

decreases of blood pressure (BP) in an urban, developing community of African 

descent, I will adhere to the following structure in the literature review. First I will 

indicate why it is particularly important to study aspects of BP control in black 

Africans, a group that I will hereafter refer to as persons of African descent or ancestry. 

Second, I will indicate why nocturnal decreases in BP are of particular importance 

when studying BP control in any ethnic group. Third, I will review the evidence to 

indicate that the characteristic nocturnal BP profiles in groups of African descent may 

contribute toward a particularly high cardiovascular risk in this ethnic group. Fourth, I 

will indicate the factors that could contribute toward the characteristic nocturnal BP 

profiles in groups of African descent and highlight the deficiencies in these data. Lastly, 

in this literature review I will list the aims of this dissertation in the context of the 

preceding discussion. 

 

1.1 Cardiovascular disease and risk factors 

 

There are many shared mechanisms and risk factors responsible for diseases of 

the vasculature and heart that result in strokes, myocardial infarction (MI), renal failure, 

heart failure, sudden cardiac death and peripheral vascular disease (PVD). As a 

consequence of the considerable overlap in the causes of these disease entities, they are 

broadly termed “cardiovascular diseases”. Cardiovascular diseases are amongst the 

leading cause of death in adults in both developed (reviewed by guidelines committees 

including World Health Organization, International Society of Hypertension Writing 
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Group. 2003; European Society of Hypertension-European Society of Cardiology 

Guidelines Committee 2003; Chobanian et al 2003; Williams et al 2004) and 

developing (Kahn et al 1999) countries and hence an understanding of these disease 

processes and how to manage them is of critical relevance. A significant proportion of 

the risk of developing cardiovascular diseases is attributed to hypertension, smoking, 

diabetes mellitus, dyslipidaemias (increases in low density lipoprotein cholesterol [LDL 

cholesterol] concentrations, decreases in high density lipoprotein cholesterol [HDL 

cholesterol] concentrations or increased triacylglyceride [TG] concentrations) and aging 

(reviewed by guidelines committees including World Health Organization, International 

Society of Hypertension Writing Group. 2003; European Society of Hypertension-

European Society of Cardiology Guidelines Committee 2003; Chobanian et al 2003; 

Williams et al 2004). Nevertheless, there is still a substantial portion of risk that has yet 

to be accounted for (Ionita et al 2005). 

Hypertension, smoking, diabetes mellitus and dyslipidaemias can be 

successfully modified through either lifestyle or pharmacological intervention programs 

(reviewed by guidelines committees including World Health Organization, International 

Society of Hypertension Writing Group. 2003; European Society of Hypertension-

European Society of Cardiology Guidelines Committee 2003; Chobanian et al 2003; 

Williams et al 2004). Lifestyle interventions include an increased physical activity, 

weight loss programs, a reduced salt intake, an increased potassium intake, 

modifications in carbohydrate and fat intake and the cessation of smoking (The Trials 

of Hypertension Prevention Collaborative Research Group 1997; Whelton et al 1998; 

He et al 2000; Sacks et al 2001; Vollmer et al 2001; World Health Organization, 

International Society of Hypertension Writing Group. 2003; European Society of 

Hypertension-European Society of Cardiology Guidelines Committee 2003; Chobanian 
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et al 2003; Williams et al 2004). Despite the promise of primordial prevention through 

lifestyle modification there is scepticism regarding the ability to sustain these programs. 

Nevertheless, if BP, blood glucose concentrations or lipid aberrations are not modified 

by lifestyle changes to target levels, effective pharmacological intervention programs 

may be initiated (reviewed by guidelines committees including World Health 

Organization, International Society of Hypertension Writing Group. 2003; European 

Society of Hypertension-European Society of Cardiology Guidelines Committee 2003; 

Chobanian et al 2003; Williams et al 2004). Despite the established efficacy of 

pharmacological intervention programs, these programs may represent a cost burden to 

health-care systems that over the short term could reach substantial levels, the 

consequence being inefficient health care delivery. Over the long-term, however, 

cardiovascular morbidity and mortality related to inappropriate risk factor management 

strategies could result in even higher costs. Primordial prevention programs are 

obviously a potential solution to reducing the costs of pharmacological intervention 

programs. 

 

1.1.1 Ethnic differences in cardiovascular disease 

 

In developed countries there is a greater prevalence of some cardiovascular 

diseases in ethnic groups of African origins. Indeed, in the United States of America 

(USA), the prevalence of strokes and major cardiovascular intermediate phenotypes for 

stroke, namely left ventricular hypertrophy and urinary albumin-to-creatinine ratios, are 

higher amongst groups of African as compared to European origins (Gillum 1999; 

Hollar et al 2004; McGruder et al 2004; Jamerson 2004; Howard 2001, Sacco et al 

2001, Nunez et al 2005, Skelton et al 2003, Lorber et al 2003, Kizer et al 2004, 
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Rodriguez et al 2004, Drazner et al 2005, Murtaugh et al 2003, Bryson et al 2006). In 

developing countries in Africa, there is evidence to indicate that stroke is highly 

prevalent in urban communities (Connor et al 2007). Although until recently ischemic 

heart disease (IHD) was thought to be a rare entity in sub-Saharan Africa, based on 

hospital admissions, the prevalence is thought to be increasing at a dramatic level. 

Moreover, the risk of coronary artery disease may be just as high in patients of African 

ancestry with stroke as it is in patients of European ancestry with stroke (Joubert et al 

2000). As stroke is a common cause of morbidity and mortality in sub-Saharan Africa it 

may therefore be argued that IHD is also common in these countries, but that it goes 

largely undetected or is not expressed as an important clinical phenotype. However, true 

prevalence data for IHD in these countries has yet to be reported on. 

Importantly, it is generally agreed on that a major mechanism responsible for 

the higher prevalence of some cardiovascular diseases in groups of African ancestry, 

including stroke, is through a higher prevalence of hypertension in these ethnic groups 

(see section 1.2.1). However, it is not just an increase in the prevalence of hypertension 

that may account for a high prevalence of stroke in this ethnic group, but also apparent 

ethnic differences in the characteristics of 24 hour BP profiles (Phillips et al 2000). This 

issue will be reviewed in section 3.1. 

 

1.1.2 Hypertension as an important cause of cardiovascular disease 

 

Epidemiological data provide strong support for the notion that an increased BP 

in the developed and the developing world is a major risk factor for strokes, MI, heart 

failure, renal failure and sudden cardiac death (reviewed by guidelines committees 

including World Health Organization, International Society of Hypertension Writing 
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Group. 2003; European Society of Hypertension-European Society of Cardiology 

Guidelines Committee 2003; Chobanian et al 2003; Williams et al 2004). Moreover, 

primordial, primary and secondary prevention studies indicate that treating hypertension 

results in a decrease in strokes, MI, heart failure, renal failure, and sudden cardiac death 

(reviewed by guidelines committees including World Health Organization, International 

Society of Hypertension Writing Group. 2003; European Society of Hypertension-

European Society of Cardiology Guidelines Committee 2003; Chobanian et al 2003; 

Williams et al 2004). Although a comprehensive and critical discussion of all of these 

studies would be interesting, this goes beyond the scope of the present dissertation and 

hence these studies will not be elaborated on. Clearly, however, hypertension is a 

disorder that requires careful detection and management in any community. 

 

1.2 How well is hypertension being treated? 

 

Despite the importance of hypertension as a risk factor for cardiovascular 

disease, the current status of BP control in hypertension world-wide is appalling. Only 

29-34% of hypertensives achieve BP control to target in developed countries (Erdine 

and Aran 2004; Glover et al 2005). In South Africa the proportion of hypertensives that 

achieve BP control is even lower (Steyn et al 2001).  

Uncontrolled hypertension is clearly contributing to a substantial portion of 

cardiovascular events. Even in developed countries, prospective, population-based 

studies indicate that more than 90% of strokes can be attributed either to a lack of 

treatment or uncontrolled BP if treated (Li et al 2005). Consequently, there is little 

evidence to indicate that BP goals are being achieved to the extent that they could be or 

should be. 
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1.2.1 Ethnic differences in the prevalence of hypertension 

 

Many studies have demonstrated a greater prevalence of hypertension amongst 

groups of African ancestry as opposed to groups of other ethnic origins (reviewed by 

Mayet et al 1998). As indicated above (section 1.1) this has been the major reason 

provided to explain the higher prevalence of strokes in this ethnic group. Despite the 

fact that it has been recognised for a number of years that individuals of African descent 

are predisposed to hypertension, this knowledge has not necessarily been translated into 

entirely effective prevention programs. Indeed, more recent analysis of the National 

Health and Nutrition Examination Surveys (NHANES) in the USA indicates that the 

prevalence of hypertension in those of African descent is 40.5% as compared to 27.4% 

in those of European descent (Glover et al 2005). These are quite extraordinary 

differences and represent an even greater difference in prevalence than previously 

reported on (Ashaye and Giles, 2003). The persistently higher prevalence of 

hypertension in groups of African descent despite a number of programs designed to 

intervene at the primordial care level in the USA, may be attributed to confusion 

concerning the aetiology of the higher prevalence rates of hypertension in this ethnic 

group. Targeting the wrong cause in primordial prevention is obviously likely to 

translate into ineffective prevention programs. 

Although the prevalence of hypertension remains consistently higher in groups 

of African descent in the USA, whether the same higher prevalence rates exist in 

subjects of African descent living in Africa is in question. Indeed, data from South 

Africa indicate that prevalence rates in those of African ancestry may not necessarily be 

as high as that in the USA in this ethnic group (Steyn et al 2001). 
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1.2.2 Potential factors accounting for ethnic differences in hypertension 

prevalence 

 

There could be many reasons for the sustained higher prevalence of 

hypertension amongst groups of African origins as compared to other ethnic groups. 

These reasons may be considered either as socio-economic (SE)/cultural/political or 

biological in origin. SE/cultural/political factors include poverty, dietary and lifestyle 

preferences, limited education, lack of awareness, distrust of health providers and health 

systems, perceived racism, anger inhibition, exposure to excessive violence, and 

transitional racial identity (excessive focus on one race group). SE/cultural/political 

factors are thought to mediate effects through environmental or extraneous forces such 

as a high salt and low potassium intake, undue anxiety and stress mediating an 

increased sympathetic nervous system activity, a predisposition to sedentary behaviour 

and obesity, or simply failing to seek health care. Biological factors include differences 

in responses to dietary or other causes of hypertension, such as an enhanced sensitivity 

to salt intake and a genetic predisposition to developing hypertension. Biological factors 

are thought to increase the propensity to developing hypertension irrespective of 

extraneous causes. 

There are arguments both for and against SE/cultural/political and biological 

factors accounting for the higher prevalence rates of hypertension in groups of African 

ancestry. Unfortunately, social, cultural, political and economic barriers have primarily 

been used as the explanation for differences in hypertension prevalence rates (Martin 

and Norris 2004) and little attention has been given to the fact that biological 

differences may truly exist and account for a substantial portion of the burden of the 
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disease. Believing that SE/cultural/political effects are of principal importance has 

always been thought of as the optimistic point of view as these factors may be modified. 

However, credence has not been paid to the fact that the adverse effects of biological 

factors may also be modified as a substantial interaction between SE/cultural and 

biological factors is very likely. 

There is no disputing that SE/cultural/political effects may have been a 

dominant force accounting for ethnic differences in hypertension prevalence rates in the 

USA in the past. However, despite sustained ethnic differences in prevalence, there are 

now more and not less hypertensives of African than European descent in the USA who 

are aware of their condition (70.3 vs 62.9%) and at least the same proportion whose BP 

is controlled to target levels (29.8 vs 29.8%)(Glover et al 2005). Even in the context of 

equivalent health promotion services between ethnic groups, subjects of African 

ancestry between the ages of 45-to-64 years are still 5.6 times more likely to be 

hospitalised for hypertension than their white counterparts (Holmes et al 2005). 

Moreover, higher prevalence rates of hypertension persist in those of African descent in 

the USA when adjusting for income and educational level (Howard et al 2000). Thus, 

under conditions of equivalent care, awareness, income and education, the higher 

prevalence rates in individuals of African descent are sustained. Whether this is because 

intrinsic biological factors are likely to play a more important role in determining ethnic 

differences in the prevalence of hypertension than previously thought, or because 

despite a better awareness and care, poor dietary practises, lack of activity and obesity 

and resentment toward policy makers, politicians and other ethnic groups still persist 

irrespective of SE status, is uncertain. 

In South Africa, although the prevalence of hypertension in groups of African 

descent is not as high in those of African origins in developed countries, this group are 
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also less aware of their condition (Steyn et al 2001). Therefore, in South Africa at least 

there are clearly still strong SE/cultural forces operating to contribute toward 

prevalence rates of hypertension. However, whether biological differences also account 

for these prevalence rates is still unknown. 

 

1.3 Are blood pressures measured during epidemiological studies appropriate? 

 

Decisions regarding the risk of cardiovascular disease are to some extent based 

on epidemiological surveys, both cross-sectional and prospective. The strength of 

epidemiological surveys is the nature of the sampling (random and cross-sectional), the 

large sample sizes employed, and in some instances the prospective nature of the 

analysis. However, these approaches are offset by an inability to fully consider 

measurement limitations of the phenotype of interest. This is obviously not an issue 

when one considers measurements such as body weight or height, but measures such as 

BP vary considerably during the course of a day, with BP decreasing markedly at night 

or when resting and increasing dramatically during active or stressful periods (Mancia 

et al 1999). As BP is generally measured over a very short time-period in a day in 

population surveys (usually 3-to-5 times over 5 or so minutes), measures of BP 

obtained during these surveys may only represent crude estimates of BP as compared to 

measures obtained in subjects that are ambulatory over a 24 hour period. 

Obviously, appropriate alternatives to crude estimates of BP made during 

population surveys would limit the ability to recruit large samples in a random and 

cross-sectional manner and would make these studies costly and time-consuming. The 

arguments used in favour of crude estimates of BP normally obtained in population-

screening is firstly that these are the measurements that are employed clinically and 
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secondly that ambulatory BP monitoring is mainly (but not exclusively) used to exclude 

“white coat” effects or “white coat” hypertension (isolated office hypertension) 

(O’Brien et al on behalf of the European Society of Hypertension Working Group on 

Blood Pressure Monitoring 2003; Pickering et al 2005), where measurements made in 

an office environment are artificially elevated. As “white coat” responses occur in an 

office or clinic environment and not in a home environment there would seem to be no 

point to ambulatory BP replacing home BP measures. However, as will be discussed 

there are arguments to indicate that 24 hour ambulatory BP measurements are more 

appropriate indices of outcomes than measures made over short periods in a day 

irrespective of whether they are made in an “office” or a “home” environment.  

 

1.3.1 Ambulatory versus conventional blood pressure measurements. 

 

Many studies have demonstrated that 24 hour ambulatory BP is more closely 

correlated with target organ damage than office BP (Mancia and Parati 2000). This has 

been demonstrated for changes in carotid intimal-medial thickness (Zanchetti et al 

1998) as well as left ventricular hypertrophy (Mancia et al 1997) with therapy. 

Moreover, ambulatory BP values are more closely correlated with microalbuminuria 

than office BP measurements (Palatini et al 1996). Ambulatory BP measurements are 

also better predictors of cardiovascular events than office BP measurements 

(Verdecchia et al 1995; Clement et al 2003; Staessen et al 1999; Verdecchia et al 1998 ; 

Verdecchia et al 1994; Imai et al 1996). However, as indicated above a large portion of 

the differences in relationships between office BP and target organ damage and 24 hour 

BP and target organ damage may be attributed to “white coat effects” or “white coat” 

hypertension. 
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1.3.2 Nocturnal decreases in BP as a determinant of cardiovascular disease 

 

Subjects who do not decrease their BP at night by more than 10% (these 

individuals are called “non-dippers”, whilst those that do exhibit an appropriate 

decrease in BP are called “dippers” [Figure 1]) have a greater left ventricular mass 

(Verdecchia et al 1990), more silent cerebrovascular disease (Kario et al 1996), and a 

greater chance of microalbuminuria (Redon et al 1994) and progressive renal damage 

(Timio et al 1994). A meta-analysis by Fargard et al (1995) has indicated that a lack of 

nocturnal decreases in BP accounts for 15% of the variability in left ventricular mass. 

Importantly, when considering cardiovascular events as outcomes (so-called “hard” 

end-points), which clearly represent more important outcomes than just intermediate 

phenotypes such as left ventricular hypertrophy or carotid intimal-medial thickness (so-

called “soft” end points), the relationship between BP and cardiovascular events is 

substantially better in those patients who do not decrease their BP by more than 10% at 

night (Verdecchia et al 1994, Verdecchia et al 1995). Indeed, in patients of European 

ancestry, a raised 24 hour BP predicts about three times more cardiovascular events as 

compared to if office BP alone is elevated, whereas a raised 24 hour BP and an inability 

to decrease BP at night predicts about ten times more cardiovascular events occurring 

as compared to if office BP alone is elevated (Verdecchia et al 1994; Verdecchia et al 

1995). These effects of an attenuated decrease in nocturnal BP appear to occur mainly 

in women. Indeed, an attenuated nocturnal decrease in BP has been noted in 

hypertensive women of Caucasian ancestry in particular with future cardiovascular  
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Figure 1. Example of BP values obtained using 24 hour ambulatory BP monitoring 

from a subject with a greater than 10% decrease in BP at night (upper panel-so-called 

“dipper”) as opposed to BP values obtained from a subject with a less than 10% 

decrease in BP at night (lower panel-so-called “non-dipper”). 



 14 

events (Verdecchia et al 1993). Attenuated nocturnal decreases in BP have also been 

shown to be a strong predictor of cardiovascular events in Japanese subjects (Ohkubo et 

al 1997). Moreover, in patients with isolated systolic hypertension (Staessen et al 1999) 

or in the general population (Yan Li et al 2007) the night/day ratio of systolic 

ambulatory BP has been shown to be an independent predictor of cardiovascular events 

and nocturnal BP is a stronger predictor of cardiovascular events than daytime BP in the 

Japanese (Kikuya et al 2005, Suzuki et al 2000). In addition, in patients with stroke, a 

clear attenuation of the ability to decrease BP at night occurs in all ethnic groups 

(Phillips et al 2000). Whether this is a risk factor for the development of stroke or a 

consequence of an impaired central control of BP at night is not clear. 

 The importance of the relationship between nocturnal decreases in BP and 

cardiovascular disease is nevertheless not that clear. The definition of “dipping” and 

“non-dipping” status may not be that reproducible (Omboni et al 1998). Moreover, 

regression of left ventricular mass in hypertension has been shown in a large European 

study to be related to either daytime or night-time BP (Omboni et al 1998; Mancia et al 

1997). Clearly, further data are required to determine whether either nocturnal BP or 

nocturnal decreases in BP are related to the regression of LV mass.  

Although there is obviously still debate about the clinical relevance of nocturnal 

decreases in BP or nocturnal BP per se, at this point the detection of attenuated 

nocturnal decreases in BP or the measurement of nocturnal BP may be considered to be 

important in risk assessment and this in-turn requires ambulatory BP monitoring. 

Therefore, there is a case for considering 24 hour ambulatory BP measures when 

assessing the risk for a cardiovascular event in any study, whether it is an 

epidemiological cross-sectional study or a prospective follow-up study. In this regard 
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further large prospective studies utilising ambulatory rather than office or home BP are 

currently being conducted to assess the predictive power of this measurement tool. 

 

1.3.3 Ethnic differences in ambulatory blood pressures 

 

There are presently no data describing the prevalence of an increased 24-hour 

BP in developing countries, as thresholds for normality of 24-hour recordings have not 

been determined. Moreover, no direct comparisons between 24-hour BP values have 

been made in specific settings (the same environmental, political and psychological 

circumstances) between ethnic groups. Nevertheless, comparisons of the characteristics 

of 24-hour ambulatory BP values have been made in persons of different ethnic origins. 

The study design and outcomes of these papers have been summarised in Table 1. 

Many studies comparing ambulatory BP between ethnic groups have 

demonstrated that in both normotensives, hypertensives and treated hypertensives, 

nocturnal BP in patients of African ancestry does not decrease to the same degree as in 

groups of European ancestry (Belsha et al 1997; Chaturvedi et al. 1994; Fumo et al, 

1992; Gretler et al, 1994; Harshfield et al 1993; Hebert et al 1996; James et al 1991; 

Mayet et al, 1998; Murphy et al 1991; Olutade et al 1998; Osei and Schuster, 1996; 

Treiber et al 1994; Harshfield et al, 1990; Harshfield et al, 2002a, Harshfield et al 

2002b, Vaughan and Murphy,1994; Mancia et al. 1999, Hinderliter et al, 2004, Wang et 

al 2006). Moreover, a meta-analysis of these and other studies have provided evidence 

to support the notion that African-Americans have an attenuated nocturnal decline in 

blood pressure (Profant and Dimsdale 1999). If this holds true across the world, then 

there are major implications for translating epidemiological data with respect to inter- 
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Table 1. Summary of studies assessing the impact of ethnicity on nocturnal decreases in blood pressure (modified from Profant and Dimsdale 1999). 
 
Geographical               Study                      Sample sizes               Age     Hypertensives      Day and night  BP effects                  Nocturnal  
area                                                              or normotensives                     definitions                         decrease in BP 
___________________________________________________________________________________________________________________________________________________________ 
Middlesex UK              Acharya et al         56 Afro-Caribbeans            46±9            Essential                                 Day:1200-1800                  Daytime SBP,                Night-time SBP,                          
                                      1996                      562 Whites                         51±11           hypertensives                         Night:2400-0600                DBP higher in                DBP higher in 
                                                                                                                                                                                                                               Afro-Caribbeans            Afro-Caribbeans    
                                                                                                                                                                                                              
Little Rock, Ark           Belsha  et al           32 Blacks                            6-18              Normotensives,                      Participant                                                                 Reduced nocturnal 
                                     1997                       67 Whites                                                 hypertensives                         diaries                                                                        decline in BP of  
                                                                                                                                                                                                                                                                        Blacks 
 
London, UK                Chaturve di et al     167 Afro-Caribbeans           40-64            Normotensives,                      Day:0900-1100                  No difference in             Lower % decline  
                                    1994                       152 Eropeans                                             hypertensives,                        Night:0300-0500                daytime SBP                  nocturnal SBP of 
                                                                                                                                      untreated hypertensives                                                                                            Afro-Caribbeans 
 
Denver, Colo              Chase et al               36 Blacks                            20±0.67          Healthy                                  Day:0600-2200                  Daytime SBP                            - 
                                   1997                         50 Whites                            22.4±0.52                                                     Night:2200-0600                higher in blacks; 
                                                                                                                                                                                                                                 mean 24-h BP 
                                                                                                                                                                                                                                 higher in blacks 
 
Chicago, Ill                Fumo et al                 22 African Americans          36±12        Self defined                             Day:0600-2259                  Similar daytime              Higher nocturnal    
Johannesburg, SA      1992                         22 White Americans                                normal                                     Night:0300-0559               BP in all groups              BP in American 
                                                                    22 Black South Africans                                                                                                                                                             blacks;  
 
Memphis, Tenn          Harshfield et al         151 Blacks                          14±2             Normotensives                       Day:0800-2200                                     -                   Higher nocturnal          
                                   1993                          149 Whites                          13±2                                                            Night:2200-0800                                                       SBP, DBP in blacks 
 
Chicago, Ill                Gretler et al               275 Blacks                           20-79           326 previously                        Participant                         Higher ABPM                Lower decline in          
                                   1994                          256 Whites                                               untreated patients                   diaries                                values in                          nocturnal BP 
                                                                                                                                      Presented to                                                                       blacks                              of blacks 
                                                                                                                                      Hypertension Clinic 
                                                                                                                                      Plus 195 volunteers  
 
Franklin  County       Osel and                     31 African Americans       37.2±1.6          Normotensive,                       Day:0800-2200                 SBP, DBP lower                       - 
County, Ohio            Schuster                      27 African immigrants      34.5±2.5          nondiabetic                            Night:2200-0800              in whites than in 
                                  1996                           31 White Americans          28.6±1.4                                                                                                  blacks    
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Table 1. Continued. 
 
Geographical               Study                        Sample sizes               Age     Hypertensives           Day and night  BP effects                  Nocturnal  
area                                                                        or normotensives                       definitions                         decrease in BP 

Columbus, Ohio          Hebert et al               62 Blacks                  51.4±1.72           Essential hypertensives                Day:0600-2200                    -                                  Night BP higher in blacks     
Cincinnati, Ohio           1996                        72 Whites                  51.9±1.67                                                                Night:0100-0500 
 
New York, NY            James                       27 Blacks                   31.0±8.5             Normotensive women                  Work:1100-1500              No daytime                     Higher nocturnal BP in 
                                     1991                         83 Whites                  29.4±6.7                                                                   Home:1800-2200             differences                     blacks  
                                                                                                                                                                                         Sleep:2200-0600 
 
London, UK               Mayet et al                46 Blacks                    43±1.9               Previously untreated                     Day:0600-2400                        -                              Smaller mean nocturnal dip              
                                   1998                          46 Whites                    44±2.0               essential hypertensives                 Night:2400-0600                                                     in blacks 
 
Chicago, Ill                 Murphy et al             44 Blacks                    45±15                Possibly hypertensive                               -                          Similar daytime BP         Lower decline in nocturnal   
                                    1991                         37 Whites                    46±16                                                                                                                                                      BP of blacks 
 
Atlanta, Ga                  Olutade et al             34 Blacks                   54±11                 Mild to moderate                                      -                                    -                            Less nocturnal dip in blacks 
                                    1998                          39 Whites                   52±12                 essential hypertensives 
 
Augusta, GA              Prisant et al                25 Blacks                  51.1±13.8           Essential hypertensives               Day:0800-1200                  No difference in              No difference in nocturnal                                                         
                                   1991                           46 Whites                  46.2±10.8                                                               Night:2400-0400                day BP                           BP 
 
New Orleans, LA       Rockstroh et al          20 Blacks                   43±7                  Essential hypertensives               Day:0800-2200                  No significant                  No significant racial  
                                   1997                          40 Whites                   45±11                                                                    Night:2200-0800                racial differences             differences 
 
Birmingham, UK       Rowlands et al           16 Blacks                  42±10                  Mild to moderate                        Participant diary                 No significant                  No difference in    
                                   1982                           16 Whites                  42±11                 hypertensives                                                                          racial differences             nocturnal BP 
 
Los Angeles Calif      Shapiro et al               56 Blacks                 21.4±2.7             Healthy college students             Participant diary                  Higher BP in blacks                         - 
                                   1996                           85 Whites                 20.7±2.4                                                                            
 
Augusta, GA              Treiber et al               64 Blacks                 11.8±2.2             Children from hypertensive         Day:0800-2000                  Higher 24-h BP in            Higher nocturnal SBP  
                                   1994                          56 Whites                 11.4±2.3             families                                        Night:2200-0600                black children                   and DBP in black children 
 
Augusta, GA             Wang et al                  312 Blacks                14.5±3.3             Normotensives                            Day:0800-2200                   Higher 24-h BP in           Higher nocturnal BP in  
                                  2006                           351 Whites                14.2±3.3             Normotensives                            Night:2400-0600                 Blacks                             Blacks 
 

BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure. 
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ethnic differences in the impact of BP on cardiovascular risk. Importantly, for any given 

BP measured at home, the impact on risk assessment will be determined by the time of 

day that BP is measured. As BP measurements are usually determined during the day, 

the risk of a cardiovascular event may be underestimated in patients of African descent. 

Despite innumerable papers describing an attenuated nocturnal decrease in BP 

in subjects of African ancestry (Belsha et al 1997; Chaturvedi et al. 1994; Fumo et al, 

1992; Gretlier et al, 1994; Harshfield et al 1993; Hebert et al 1996; James et al 1991; 

Mayet et al, 1998; Murphy et al 1991; Olutade et al 1998; Osei and Schuster, 1996; 

Treiber et al 1994; Harshfield et al, 1990; Harshfield et al, 2002a, Harshfield et al 

2002b, Vaughan and Murphy,1994; Mancia et al. 1999, Hinderliter et al, 2004, Wang et 

al 2006), studies performed in those of African ancestry living in Africa or countries 

other than the USA suggest that nocturnal declines in BP are comparable with other 

ethnic groups (Harshfield and Treiber, 1999). Indeed, when including African-

Americans only in a meta-analysis, race predicts nocturnal decreases in BP; but when 

including all studies in a meta-analysis irrespective of where black subjects were living, 

the effect of race on nocturnal decreases in BP did not reach significance (Profant and 

Dimsdale, 1999). However, this is not a consistent finding in subjects of African 

ancestry living in London who also show a blunted nocturnal decline in BP (Chaturvedi 

et al 1994, 1994). With respect to South Africa, studies with very small sample sizes 

(n=22 in each group) performed in subjects of African descent also indicate that in 

contrast to groups of African descent living in the USA, nocturnal decreases in BP are 

equivalent to groups of European ancestry (Fumo et al, 1992). Nevertheless, the small 

sample sizes employed in the study by Fumo et al (1992) preclude any meaningfull 

conclusions being drawn from data obtained in Africa. 
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1.3.4 Determinants of nocturnal decreases in BP 

 

 The obvious question that begs an answer is the potential mechanism that may 

be involved in reducing the nocturnal decrease in BP in groups of African ancestry. 

Before discussing the current evidence that may explain ethnic differences in nocturnal 

decreases in BP, it is first worth considering the potential mechanisms that have been 

ascribed to nocturnal decreases in BP in any population. 

As with absolute BP values, circadian variations in BP are influenced by both 

extrinsic (environmental) as well as intrinsic (physiological and pathophysiological) 

factors. The circadian variation in BP is predictably determined mainly by levels of 

activity, with marked decreases in BP occurring when going to bed and increases again 

when getting up from bed (environmental factor). However, from a physiological and 

pathophysiological perspective there are a number of factors that determine the extent 

to which these changes occur. Importantly the changes in BP induced by activity are 

mediated mainly by sympathetic nervous system activation (Furlan et al 1990; Somers 

et al 1993). However, a number of factors influence diurnal BP profiles either through 

effects on the sympathetic nervous system or through alternative mechanisms. 

 Through unexplained mechanisms, after the age of 70 years a marked reduction 

in the decline in nocturnal BP may occur in both men and women (Staessen et al 1997). 

Probably because daytime BP values are higher and hence the day-night difference is 

also higher, smoking, employment outside of the home, mean clinic BP (Staessen et al 

1997) and alcohol (Pickering and James 1993) are all associated with a greater 

nocturnal decrease in BP. More recently data obtained in a large study have 

demonstrated that obesity is associated with a reduced nocturnal decline in BP (Kotsis 

et al 2005). From a pathophysiological perspective, presumably through an autonomic 
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neuropathy, diabetes mellitus also reduces nocturnal decreases in BP (Lindsay et al 

1995). Moreover, exogenous glucocorticoids (Imai et al 1989) and cardiac 

transplantation, probably through the administration of immuno-supressants such as 

steroids and cyclosporine (Reeves et al 1986) can markedly attenuate nocturnal 

decreases in BP.  

 

1.3.5 Potential determinants of ethnic differences in nocturnal decreases in BP 

 

 Studies have been performed to attempt to determine why ethnic differences in 

nocturnal decreases in BP may occur. A number of proposals, summarised in figure 2, 

have been put forward which include both SE/cultural/political and biological factors. 

These include high levels of hostility and anger (Thomas et al 2004), anger inhibition 

(Steffen et al 2003), victimization and increased exposure to violence (Wilson et al 

2002), particular characteristics of male gender (Harshfield et al 1990; Harshfield et al 

2002), an enhanced catecholamine excretion and sensitivity to α1 adrenoreceptor 

responsiveness (Sherwood et al 2002), a greater impact of obesity on BP at night 

(Harshfield et al 2000), salt intake in those with salt-sensitive hypertension (Damasceno 

et al 2000; Okuguchi et al 1999), salt intake affecting nocturnal rather than daytime BP 

(Harshfield et al 1991), and salt-sensitive hypertension per se (Wilson et al 1999). 

Unquestionably it is important to understand the mechanisms responsible for a 

blunted nocturnal decrease in BP in groups of African descent as effective intervention 

programs will be required to address this ethnic difference. To-date, however, all of 

these studies have been conducted in small study samples and no study has assessed the 

contribution of these factors to attenuated nocturnal decreases in BP in a randomly 

selected community-based sample. Moreover, no study has assessed whether these  
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Figure 2. Summary of proposed mechanisms responsible for attenuated decreases in 

nocturnal BP in people of African descent. References to these mechanisms are cited in 

the text. 

Sodium sensitivity 
in blacks 

    Increased salt intake 

Increased tubular reabsorption of sodium 

       Increased mean arterial pressure 

    Increased nocturnal blood pressure 

   Increased sympathetic nervous system 

Increased α1 adrenergic receptor responsiveness    Attenuated dip in night-time noradrenalin  

   Autonomic nervous system impairment 

Low socio 
economic status 

Male gender 

   Obesity 

Hostility and 
anger  

Victimization  

Exposure to 
violence 



 22 

factors determine nocturnal decreases in BP in persons of African descent living in 

Africa. 

Undoubtedly it is important to identify modifiable factors that determine an 

attenuated nocturnal decline in BP. In this regard, inappropriate salt intake and excess 

adiposity are two factors that may be modified in primordial prevention programs. 

However, with respect to salt intake, there is no evidence to suggest that primordial 

prevention programs will modify nocturnal decreases in BP. Indeed, the consistent 

relationship between salt intake and nocturnal decreases in BP is in hypertensives who 

are salt-sensitive (Damasceno et al 2000; Okuguchi et al 1999). In neither salt-resistant 

hypertensives, nor normotensives would there appear to be an association between salt 

intake and nocturnal decreases in BP (Damasceno et al 2000; Okuguchi et al 1999). 

However, it is estimated that a high proportion of persons who are of African descent 

are salt-sensitive (Sowers et al 1998). Moreover, without selecting individuals who are 

salt-sensitive, nocturnal rather than daytime BP appears to be particularly sensitive to 

salt intake in African-Americans (Harshfield et al 1991). This could influence the 

diurnal BP profile in this ethnic group. Therefore, at a community level in black 

Africans, there is still nevertheless a possibility that salt intake influences nocturnal 

decreases in BP. 

 With respect to the potential of weight reduction programs modifying nocturnal 

decreases in BP, there is some evidence to suggest that this may be an option. Although 

no studies have been performed to specifically assess whether weight reduction 

programs may modify attenuated nocturnal decreases in BP, a recent study conducted 

with 3216 outpatients has indicated that excess adiposity is indeed associated with an 

attenuated nocturnal decline in BP (Kotsis et al 2005). Moreover, the reduced nocturnal 

decline in BP noted in women is abolished after adjusting for body mass index 
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(Staessen et al 1997), suggesting that body size is an important determinant of nocturnal 

decreases in BP. However, there are presently no community-based data available in 

groups of African ancestry to support the notion that attenuated nocturnal decreases in 

BP are indeed associated with excessive adiposity. Moreover, ambulatory BP studies 

conducted in groups of African descent have largely been with small samples of 

selected individuals (Profant and Dimsdale 1999). Thus, a community-based study with 

a relatively large study size is still required to determine whether the degree of adiposity 

is associated with nocturnal decreases in BP in groups of African descent.   

Clearly, the importance of assessing the role of excessive adiposity and salt 

intake on nocturnal decreases in BP is largely dependent on whether the community at 

large has a high prevalence of excess adiposity and exceeds the thresholds for salt 

intake. Although clear thresholds for indices of adiposity have been defined, thresholds 

for salt intake have only recently been established (see section 1.3.6). Thus, although 

the high prevalence of excess adiposity has previously been reported on in communities 

of African descent (Puonane et al 2002), whether salt intake in communities of African 

descent exceeds the recommended thresholds for salt intake has not been reported on. 

Therefore, as the first part of this study I assessed to what degree salt intake in the 

community exceeds the threshold for salt intake. 

 

1.3.6 Optimal thresholds for salt intake 

 

Thresholds for salt intake have recently been established from both previous and 

recent studies (MacGregor et al 1989; The Trials of Hypertension Prevention 

Collaborative Research Group. 1997; Whelton et al. 1998; He et al 2000; Sacks et al 

2001; Vollmer et al 2001), reviews (Cutler et al 1997; Law et al 1997; He et al 1999; 
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Chobanian et al  2000) and consensus opinions amongst experts (Chobanian et al 2000; 

Whelton et al 2002; Appel et al 2006). It is now widely acknowledged that reductions in 

sodium (Na+) intake are likely to be beneficial in the management of hypertension. A 

decrease in Na+ intake will lower blood pressure (BP) in hypertensives (MacGregor et 

al 1989; The Trials of Hypertension Prevention Collaborative Research Group. 1997; 

Whelton et al 1998; He et al 2000; Sacks et al 2001; Vollmer et al 2001; Cutler et al 

1997; Law 1997; He and Whelton 1999; Chobanian and Hill 2000; Whelton et al 2002; 

Appel et al 2006), reduce the need for pharmacological therapy (He et al 2000) and 

prevent the development of hypertension (MacGregor et al 1989; The Trials of 

Hypertension Prevention Collaborative Research Group.1997; Whelton et al 1998). 

Consequently, without exception, all major guidelines (World Health Organization, 

International Society of Hypertension Writing Group. 2003; Guidelines Committee. 

2003 European Society of Hypertension-European Society of Cardiology guidelines for 

the management of arterial hypertension; Chobanian et al 2003; Williams et al 2004) 

express the opinion that part of lifestyle management should include a reduction in Na+ 

intake. The most recent consensus indicates that this reduction in salt intake should be 

to less than 65 mmol/day (1.5 g of Na+/day) (Appel et al 2006). Not only is a reduction 

in Na+ intake recommended for the management of hypertension, but also an increase in 

K+ intake (Appel et al 2006; Whelton et al 1997). Nevertheless, the majority of subjects 

in population studies lie below the recommended levels of K+ intake of 120 mmol/day 

(4.7 g of K+/day) (Institute of medicine; 2004). 

Modifications in dietary Na+ and K+ are particularly pertinent to groups of 

African descent as the impact of lowering Na+ (He et al 2000) and increasing K+ 

(Whelton et al 1997) intake on BP is substantially greater in hypertensives of African as 

opposed to European descent. Although alterations in dietary electrolytes have been 



 25 

recommended for the management of hypertension, particularly for groups of African 

descent, there are no data to indicate whether these suggestions are being implemented 

in randomly selected subjects in primary health care settings in Africa. Thus, prior to 

assessing the relationship between salt intake and nocturnal decreases in BP in the 

present study, I first, evaluated to what extent recommended daily allowances (RDA) of 

dietary Na+ and K+ are being adhered to at a community level in urban South Africa. 

Second, I evaluated whether Na+ intake is reduced or K+ intake increased in 

hypertensive patients aware of their condition and receiving therapy for it as compared 

to untreated hypertensives or normotensive subjects. The hypothesis in this regard was 

that if receipt and implementation of appropriate dietary advice had been applied at a 

community level then this should have result in a decreased Na+ and increased K+ 

intake in hypertensives being treated and aware of their condition as compared to 

hypertensives not receiving therapy. 

 

1.3.7 Objectives of the dissertation 

 

 The primary objective of this dissertation was therefore to identify whether 

modifiable factors previously proposed as determinants of nocturnal decreases in BP 

(salt intake and excess adiposity) contribute toward nocturnal decreases in BP in urban, 

developing communities of African descent in South Africa. This study was conducted 

in a large community-based sample. To achieve the aims of this study I used a two-step 

approach. 

 

1. First the prevalence of excess adiposity, and inappropriate salt intake was 

established in randomly selected nuclear families in Soweto. 
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2. Second, having established a high prevalence of excess adiposity and 

inappropriate salt intake, the second aim of this study was to assess whether any 

of these factors was associated with nocturnal decreases in BP in this 

community. 
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2.1 Subjects 

 

The study protocol was approved by the University of the Witwatersrand 

Committee for Research in Human Subjects (approval number: M02-04-72) and forms 

part of the African Project on Genes in Hypertension (APOGH). To ensure quality 

control of the present study, investigators were trained at the University of Leuven in 

Belgium. In the present study, subjects of African ancestry were recruited from the 

South-Western township (Soweto) of Johannesburg. Random recruitment of spouses 

and siblings living in households from formal dwellings (Figure 3) represented in the 

last census conducted (2001) was performed. Street names and addresses of households 

with at least one parent and two siblings or two parents and one sibling were obtained 

from the Department of Home Affairs. These households were allocated numbers and 

numbers were selected from a random number generator. People residing in informal 

dwellings (Figure 3) or institutions/homes were not recruited. 

Recruitment for the present study was initiated in October 2003 and data 

obtained up until November 2005 were used for the present dissertation. The study 

design has been described in brief in a recent publication (Shiburi et al 2006). 

Substantially more participants have been recruited subsequent to this original analysis 

(Shiburi et al 2006). Up until November 2005, of the 760 subjects that were invited to 

be part of the study, 453 subjects (62%) agreed to participate. Of the 438 participants 

enrolled, we discarded 128 that did not meet pre-specified quality criteria for 24-hour 

urine collection as described below, and a further 19 who did not have conventional BP 

measurements obtained on three separate occasions as part of this study. 

The minimum age for participation in the study was 17 years, but there was no 

upper age limit. A lower age limit was included as BP rapidly increases with age below  
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Figure 3. Examples of formal (upper panel) dwellings where people were recruited for 

this study and informal (lower panel) dwellings not included in the recruitment for this 

study. 
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this value. Two hundred and ninety eight (68%) of the subjects recruited were of the 

Nguni chiefdom (Zulu, Xhosa, Ndebele, Swati) and 140 (32%) were of the Sotho 

chiefdom (South Sotho, North Sotho and Tswana). The lack of representation from the 

Venda chiefdom reflects a lack of individuals of this chiefdom residing in these areas of 

Johannesburg. No subjects of mixed, Asian, or European ancestry were recruited and no 

Khoi-San subjects were recruited. All subjects gave written, informed consent to 

participate in the study. 

 

2.2 Questionnaire 

 

Subjects completed a standard questionnaire. In order to avoid translational 

errors, the questionnaire was not translated into an African language, but study 

assistants familiar with all languages spoken in these townships and who either 

previously lived in Soweto or currently reside in Soweto assisted with the completion of 

each questionnaire. Only same sex assistants were used to assist each family member 

with the completion of the questionnaire. Assistance was only provided when 

requested. The majority of subjects were reasonably proficient in English. Study 

assistants first visited homes of subjects that agreed to participate in the study in order 

to develop a trusting relationship. The questionnaire was only completed at a 

subsequent clinic visit and then ambiguities checked by performing a follow-up home 

visit. If family members were absent at follow-up home visits, data was checked with 

them personally via telephonic conversations whenever possible. Ambiguities in 

answers to the questionnaire were detected by an independent observer prior to the 

second home visit. A pilot study was conducted in 20 subjects to ensure that data 
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obtained in the questionnaires were reproducible when obtained with the assistance of 

two separate study assistants. 

The questionnaire requested specific answers to date of birth, gender, previous 

medical history, the presence of hypertension, diabetes mellitus and kidney disease, 

prior and current drug therapy (analgesic use included), prior and current occupation, 

level of education, smoking status (including the number of cigarettes smoked in the 

past and at the present time), daily alcohol consumption (beer, traditional beer or other 

forms of alcohol and the daily quantity), caffeine consumption (number of cups of tea 

or coffee and whether they are decaffeinated and the number of cola’s a day), exercise 

frequency and family history of hypertension and cardiovascular events. For females, 

menstrual history, history of pregnancies and oral contraceptive use was evaluated. 

Most of the questions simply required a “Yes”-“no” answer, but understanding was 

assessed by requesting some short answers. If subjects were unable to provide the name 

of medication taken these were obtained on the second home visit. Although a crude 

assessment of SE status (SES) was calculated from the combined levels of education, 

present occupations and annual income, these data have not been analysed at this point 

as an appropriate score has not been derived. 

 

2.3       Conventional blood pressure measurements 

 

Trained nurse-technician observers measured BP using a standard mercury 

sphygmomanometer during two home visits and a clinic visit. These were not doctors as 

they are perceived by the community as being in positions of authority and hence may 

elicit “white-coat” effects. After being trained in the procedure, including being shown 

the pitfalls of BP measurement (positioning of the cuff, positioning of the arm, first 
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estimating systolic BP using a radial pulse measure in order to avoid increasing cuff 

pressures too high, detecting auscultatory gaps, releasing valve pressure at the correct 

speed, using the correct cuff size, etc.), assistants had to demonstrate an ability to 

perform the procedure on 20 subjects. The study assistants were then tested on their 

ability to measure BP in two ways. First they were asked to measure BP on a separate 

group of 20 subjects including patients with hypertension and their readings had to be 

within 4 mm Hg of an experienced investigators readings obtained with a stethoscope 

with two ear pieces. Second, study assistants were asked to watch a video showing a 

simulated mercury column with Korotkoff sounds where observers were tested on their 

ability to detect phase I and V sounds under different circumstances including in the 

presence of a wide auscultatory gap and where phase V Korotkoff was taken as a 

“muffling” rather than a “disappearance” of sounds (Blood Pressure Measurement, 

British Medical Journal, BMA House London). To qualify as observers all readings (n 

= 20) had to be within 4 mm Hg of the reference standard. Assistants who failed on the 

assessment the first time were given more time to practise on subjects and then asked to 

repeat the tests. 

Home visits were conducted 3-to-4 weeks apart and the clinic visit occurred 

between the two home visits. A standard cuff with a 12 × 24 cm inflatable bladder was 

used, but if upper arm circumference exceeded 31 cm, larger cuffs with a 15 × 35 cm 

inflatable bladder were used. After 10 minutes of rest in the seating position, five 

consecutive BP readings were taken 30 to 60 seconds apart with the subject in a sitting 

position, followed by a pulse rate count. The cuff was deflated at approximately 2 mm 

Hg per second and phase I (systolic) and phase V (diastolic) BP recorded to the nearest 

2 mm Hg according to the recommendations of the European Society of Hypertension 

(O’Brien et al 1999). The mean of the five measurements taken at the first home visit 
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was recorded as the home BP. Between the two home visits subjects were invited the 

School of Physiology Hypertension Clinic where a nurse, following the same procedure 

as the first home visit, measured the subject’s blood pressure under comfortable 

surroundings (Figure 4). The average of the five readings was taken as the office BP. 

In the present study quality control of conventional BP assessments was 

assessed as previously described (Kuznetsova et al 2002). Only 0.23% of visits had 

fewer than the planned BP recordings. The frequency of identical consecutive 

recordings was 1.15% for systolic BP and 2.08% for diastolic BP. The occurrence of 

BP values recorded as an odd number was 0.02 %. Of the 8722 systolic and diastolic 

BP readings, 26% ended on a zero (expected =20%). A diagnosis of hypertension was 

made if subjects were receiving antihypertensive therapy and/or if the average of the 

mean values for the home and clinic readings was ≥140/90 mm Hg. 

 

2.4 Anthropometric measurements 

 
Body height, weight, waist and hip circumference and triceps and subscapular 

skin-fold thickness (Harpenden Skinfold Calliper, Bedfordshire, UK) were measured 

during the clinic visit by a trained observer. Height and weight were measured with the 

participants standing and wearing indoor clothes with no shoes. Waist circumference 

and hip circumference were measured according to conventional techniques (World 

Health Organisation, 2003). Body mass index was calculated as weight in kilograms 

divided by the square of height in meters and waist-to-hip ratio calculated as an index 

of central obesity. 
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Figure 4. Hypertension clinic in the School of Physiology. Bottom picture shows 

reception area and the top picture is the general clinical room. 
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2.5 Blood measurements 

 

 Blood samples were obtained on the day of the clinic visit and sent to the NHLS 

to perform a full blood count and differential count, to measure urea, creatinine and 

electrolyte concentrations, to assess liver function (from alanine transaminase, aspartate 

transaminase, gamma gluteryl transaminase, alkaline phosphatase, albumin, total 

protein and plasma albumin,  total bilirubin, and conjugated and unconjugated bilirubin 

concentrations) and plasma urate concentrations, to obtain a lipid profile (total 

cholesterol, low density lipoprotein cholesterol concentrations, high density lipoprotein 

cholesterol concentrations and triglyceride concentrations), a blood glucose 

measurement, percentage glycated haemoglobind (HbA1c) and a follicle stimulating 

hormone concentration in females. These data were used to identify medical conditions, 

syndromes that may affect BP and to confirm menopausal status in females. A “spot” 

urine analysis was also performed to screen for major clinical conditions, such as 

diabetes mellitus and renal pathology. The NHLS was utilised for blood measurements 

to ensure reproducibility and reliability as these laboratories have been accredited as 

fulfilling all criteria of “good laboratory practise” (GLP). In those subjects without a 

prior history of diabetes mellitus, an HbA1c rather than a fasting blood glucose 

concentration was utilised in the APOGH study to assess blood glucose control (Peters 

et al 1996). 

 

2.6 Urinary sodium and potassium excretion 

 

 Timed urine samples were obtained over at least a 24-hour period after 

discarding urine obtained immediately prior to the collection period. Urine Na+, K+, and 
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creatinine concentrations were measured by the National Health Laboratories (NHLS) 

accredited for these measurements. Twenty-four hour urine Na+ and K+ excretion rates 

were calculated from the product of urine volume and urine electrolyte concentration. 

Creatinine clearance was determined from the product of urine volume and urine 

creatinine concentrations/plasma creatinine concentration. 

The quality of urine samples was determined by constructing regression 

relations between 24-hour urine creatinine and body weight and 24-hour urine volume 

and age in gender-specific groups. Based upon the 95% confidence intervals for each 

group, a 24-hour urine sample was considered acceptable if 24-hour urine creatinine 

(mmol) was >3.5 and <35 for males and >3.5 and <30 for females. Samples with urine 

volumes <300 mls/day were also assumed to be incomplete urine collections. These 

approaches are standard approaches and have been published on numerous occasions by 

other groups (Stolartz et al 2004, Kuznetsova et al 2004). 

 

2.7 Ambulatory blood pressure measurements 

 

On the same day as 24-hour urine samples were obtained, 24-hour ambulatory 

BP monitoring was performed using oscillometric monitors (SpaceLabs, model 90207) 

(see Figure 4). Ambulatory monitors were calibrated monthly against a mercury 

manometer. The non-dominant arm was selected for BP monitoring. The size of the 

cuff was the same as that which was used for conventional BP measurements. The 

monitors were programmed to measure BP at 15-minute intervals from 06:00 to 22:00 

and then 30-minute intervals from 22:00 to 06:00. Subjects kept a diary card for the 

duration of the recordings to note the time of going to bed in the evening and getting  
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Figure 5. Spacelabs model 90207 ambulatory BP monitor (upper panel) and 

representative data obtained for analysis purposes (lower panel). 
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up in the morning. The times when going to bed and getting out of bed in the morning 

were used to determine the awake and sleep periods of the day. Subjects were also 

asked to record the time when taking medication in those receiving medication and any 

times when they either smoked or took caffeine-containing or alcoholic beverages. 

Subjects were asked to pursue their normal daily activities and to keep the cuff arm 

steady during measurements. From the subject’s diary card data we determined the 

awake and asleep periods. On average the subjects went to bed at 19:00 h and woke up 

at 05:00 h. Considering these patterns of daily activities the daytime and night-time 

intervals were defined as time intervals ranging from 09:00 h to 19:00 h and from 23:00 

h to 05:00 h respectively. These fixed clock-time intervals (Thijs et al 1992) were 

defined in order to eliminate the transition periods (evening and morning) during which 

BP changes rapidly in most subjects. On completion of the recording, the data were 

transferred to a computer for analysis. Intra-individual means of the ambulatory 

measurements were weighted by the time-interval between successive recordings (Thijs 

et al 1992). Of the participants enrolled in the study, I discarded 124 from the analysis, 

because the ambulatory BP measurements did not meet pre-specified quality criteria 

(more than 20 hours of recordings and more than 10 and 5 readings for the computation 

of daytime and night-time means respectively). Ambulatory BP data were expressed as 

24-hour average systolic and diastolic BP, the percentage decrease in BP at night (mean 

day-mean night/ mean day x 100), the difference between day and night BP and the 

ratio of day-to-night BP. 
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2.8 Definitions and analysis 

 

Definitions for hypertension from auscultatory measurements (≥140 mmHg 

systolic BP or 90 mmHg diastolic BP) and ambulatory BP (≥130 mmHg systolic BP or 

80 mmHg diastolic BP) values were based on published guidelines (World Health 

Organization, International Society of Hypertension Writing Group 2003; Guidelines 

Committee of the European Society of Hypertension-European Society of Cardiology 

2003; Chobanian et al 2003; Williams et al 2004; Pickering et al 2005, O’Brien et al 

2003). The presence of hypertension was identified if subjects were either receiving 

antihypertensive medication, or had an elevated auscultatory BP value obtained in a 

clinic environment. Overweight and obesity were defined using body mass index 

thresholds of between 25-29.9 kg/m2 for overweight and ≥30 kg/m2 for obesity. 

Database management and statistical analyses were performed with SAS 

software, version 9.1 (The SAS Institute Inc., Cary, North Carolina, USA). Data from 

individual subjects were averaged and expressed as mean±SD. The Χ2-statistic was 

used to compare proportions. Comparisons between normotensives, hypertensives 

aware of their condition and hypertensives unaware of their condition and not receiving 

treatment for it were made using an ANOVA when no adjustments for confounding 

variables were required and multivariate regression analysis when adjustments were 

required. To determine whether awareness and treatment of hypertension was an 

independent determinant of electrolyte intake, covariates included in the regression 

model were age, gender, BMI, tobacco and alcohol intake, the class of antihypertensive 

agent employed and the presence or absence of diabetes mellitus. To identify the 

predictors of 24-hour ambulatory BP, stepwise multivariate adjusted regression analysis 

was performed with age, gender, antihypertensive medication, the presence or absence 



 40 

of diabetes mellitus or abnormal blood glucose control, indices of adiposity, 24-hour 

electrolyte excretion rates and urine Na+:K+ ratio included in the regression model. 

Probability values were obtained with further adjustments for non-independence of 

family members (mixed model as outlined in the SAS package). To identify the 

predictors of indices of nocturnal decreases in BP, stepwise regression analysis was 

performed with age, gender, the presence or absence of hypertension, antihypertensive 

medication, the presence or absence of diabetes mellitus or abnormal blood glucose 

control, indices of adiposity, 24-hour electrolyte excretion rates and urine Na+:K+ ratio 

used in the regression model. Again, probability values were obtained with further 

adjustments for non-independence of family members (mixed model as outlined in the 

SAS package). Importantly, adjustments for age, gender, the presence or absence of 

hypertension, the presence or absence of antihypertensive medication, the presence or 

absence of diabetes mellitus or abnormal blood glucose control, and adjustments for 

non-independence of family members were made in all regression analyses, whereas 

BMI, waist circumference, waist-to-hip ratio and skin-fold thickness were assessed in 

separate models from each other, and electrolyte excretion rates were assessed in 

models separate from those with urine Na+:K+ ratios. 
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3.1 Characteristics of the study groups 

 

Of the 438 subjects recruited, 314 had 24-hour ambulatory BP values that met 

pre-specified quality control criteria (Table 2). Of the 438 subjects recruited, 291 

subjects had appropriate 24-hour urine samples (Table 2) of which 228 subjects had 

both appropriate 24-hour urine and 24-hour BP data (Table 2).    

Tables 2 and 3 give the demographic, anthropometric and general clinical 

characteristics of the participants in each of these study groups, i.e. the characteristics of 

all subjects, subjects with appropriate urinary salt excretion, ambulatory BP; and both 

urinary salt excretion and ambulatory BP data. More women than men were recruited 

(Table 2). A high proportion of subjects had an increased adiposity with 38-41% being 

obese (Table 2). Approximately 12% used tobacco products on a regular basis and 21-

25% regularly consumed alcohol (Table 2). Approximately 21% of subjects were 

receiving antihypertensive therapy, 6.1-7.2% had treated diabetes mellitus and ~3% 

were not receiving glucose lowering agents and had an HbA1c >7.0% (Table 3). 

Approximately 40-47% of women were postmenopausal (Table 3). Importantly, the 

demographic, anthropometric and general clinical characteristics of the groups 

generally did not differ (Tables 2 and 3). 
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Table 2. Demographic and anthropometric characteristics of all study subjects and study subjects with appropriate ambulatory BP 

monitoring, urinary salt excretion and both ambulatory BP and urinary salt excretion data. 

     All subjects recruited         Subjects with appropriate: 

Urinary salt excretion data Ambulatory BP data  Ambulatory BP and 

             salt excretion data 

_______________________________________________________________________________________________________________ 

Number                                      438              291                314                                        228                                          

Age (years)    42±18                  44±18             43±18                                     44±18 

Females (%)      64          63                           63                                          62  

Weight  (kg)   75.4±18.6     76.4±19.1         75.1 ± 18.4                             76.0±18.8 

Height (cm)   161.2±8.6               160.9±8.2          161.3 ± 8.5                           161.1±8.0 

BMI (kg/m2)   29.2±7.4      29.6±7.6             29.0±7.3                              29.4±7.5 

Waist circumference (cm)      89.5±15.2                                  90.5±15.6                            89.4±15.1                            90.3±15.4  

Waist-to-hip ratio                    0.84±0.1                                    0.85±0.10                            0.84±0.10                            0.85±0.10 

% overweight/obese    27.4/39.5                                  29.6/40.9                             29.0/37.9                              32.0/38.6 

Tobacco intake (%)    11.2          12.7               12.1                                       12.3 

Alcohol intake (%)    20.8                      25.9                          22.0                                       24.6 

BMI, body mass index. ± values are the standard deviation 
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Table 3. Clinical characteristics of all study subjects and study subjects with appropriate ambulatory BP monitoring, urinary salt excretion 

and both ambulatory BP and urinary salt excretion data. 

       All subjects     Subjects with appropriate: 

                    Urinary salt excretion data   Ambulatory BP data         Ambulatory BP 

   and salt excretion data 

_______________________________________________________________________________________________________________ 

Number                   438                                  291                                   314                                  228 

% receiving antihypertensives   20.6         22.3   20.4      22.4 

% Hypertensive     30.6         31.3   30.6      31.6 

% Diabetes Mellitus                                         7.1                                    6.9                                     6.1                                  6.6  

% Uncontrolled blood glucose*                       2.1                                    2.4                                     2.6                                  3.1 

Postmenopausal women (%)                           39.9                                   44.3                                   42.4                               46.5  

_______________________________________________________________________________________________________________ 

* Based on the absence of a clinical diagnosis of diabetes mellitus, but with an HbA1c >7.0% 
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3.2 Salt intake 

 

The following section describes the data obtained that was employed to assess 

salt intake in the community studied.  

 

3.2.1 General demographic and clinical characteristics of the participants with 

appropriate 24-hour urine samples grouped according to hypertension 

status 

 

Table 4 gives the general demographic and clinical characteristics of 

participants grouped according to hypertension status. Thirty-one persent of the study 

group were hypertensive, 21% (67% of the hypertensives) were aware of their condition 

and receiving treatment for it, and 10% (33% of the hypertensives) were unaware of 

their condition and not receiving treatment for it. None of the subjects receiving 

treatment were unaware of the reasons for their therapy. The gender distribution was 

similar between the groups (Table 4). Hypertensives were older, had a higher BMI, 

more subjects who were either overweight or obese and more subjects with diabetes 

mellitus (Table 4). The hypertensive groups had more postmenopausal women (Table 

4). Tobacco use and alcohol consumption were lower in the hypertensives aware of 

their condition and receiving treatment for it (Table 4). Importantly, no differences in 

age, gender, BMI, alcohol consumption, proportion of subjects who were overweight or 

obese or proportion of women who were postmenopausal were noted when comparing 

hypertensives aware of their condition and receiving treatment for it, and hypertensives 

unaware of their condition and not receiving treatment for it (Table 4). However, fewer 

hypertensives unaware of their condition had diabetes mellitus than hypertensives 



 46 

aware of their condition and receiving treatment for it (Table 4). Moreover 

hypertensives unaware of their condition had a lower HbA1C than hypertensives aware 

of their condition and receiving treatment for it (Table 4). 

 

3.2.2 Antihypertensive medication 

 

Table 5 gives the class of antihypertensive agents employed by the study group 

and the proportion of patients receiving these agents. The most commonly used class of 

antihypertensive agent used was a thiazide diuretic agent, followed by angiotensin-

converting enzyme inhibitors and then long-acting calcium channel blockers of the 

dihydropyridine class (Table 5). Few patients were receiving selective β1-

adrenoreceptor blockers (Table 5). No patients were receiving loop diuretics, K+ 

supplements, centrally acting agents, angiotensin II receptor blockers, aldosterone 

receptor antagonists, non-dihydropyridine calcium channel blockers, short-acting 

dihydropyridine calcium channel blockers, or non-selective β-adrenoreceptor blockers. 

 

3.2.3 Blood pressures 

 

Table 5 also gives the clinic and home BP values for the participants. Both 

systolic and diastolic clinic and home BP values were higher in the hypertensive groups 

than in the normotensive groups (Table 5). Moreover, BP values were consistently 

higher in hypertensives unaware of their condition than in hypertensives aware of their 

condition and receiving treatment for it (Table 5). 
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Table 4. Demographic, anthropometric and clinical characteristics of study subjects with appropriate 24-hour urine samples. 

         Normotensives                      Hypertensives aware               Hypertensives unaware 

                              and receiving treatment           and not receiving treatment 

_______________________________________________________________________________________________________________ 

Sample number (%)   200 (69%)          61 (21%)    30 (10%) 

Number of females (%)  121 (61%)          45 (74%)    17 (57%) 

Age (years)      37±16           60±12**                56±12** 

BMI (kg/m2)    28.9±15.3          34.2±7.8*    30.6±6.0 

Overweight+obese n (%)  123 (61.5)          57 (93.4)**   25 (83.3)**    

Smokers n (%)    31 (16)             1 (2)*     5 (17) † 

Alcohol intake n (%)   60 (30)            8 (13)*     7 (23) 

Diabetes mellitus + abnormal 

        blood glucose control n (%)   8 (4)           18 (30)     2 (7)†          

HbA1C (%)    5.9±0.8          6.9±1.7**    6.1±0.9† 

Postmenopausal n (%)  30 (25)           39 (87)**     12 (71)** 

 

BMI, body mass index; HbA1C, glycated haemoglobin; n, sample number. * p<0.05 **p<0.0001 versus normotensives; † p<0.001 versus 

hypertensives aware and receiving treatment. ± values are the  standard deviation.
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Table 5. Blood pressures (BP) and antihypertensive therapy of study subjects with appropriate 24-hour urine samples. 

Normotensives                   Hypertensives aware  Hypertensives unaware 

                                          and receiving treatment           and not receiving treatment 

_______________________________________________________________________________________________________________ 

Blood pressures (mm Hg) 

First home visit    122±13/79±10   145±25**/88±14*  151±16**†/98±10**†† 

Second home visit    120±12/76±10   141±26**/86±16*  148±15**†/96±11**†† 

Clinic visit     123±14/81±9   149±26**/91±14*  161±24**††/101±13**†† 

Average     122±11/79±8   145±23**/88±13**  153±15**†/98±9**†† 

Antihypertensive therapy  n (%) 

Thiazide diuretics           0            38 (62)    0 

ACE inhibitors           0            19 (31)    0 

Calcium channel blockers          0            4 (7)    0 

Beta-blockers            0            1 (2)    0 

Others             0            7 (11)    0 

_______________________________________________________________________________________________________________ 

Values for BP are for systolic BP/diastolic BP. * p<0.001 **p<0.0001 versus normotensives; † p<0.05, †† p<0.0001 versus hypertensives 

aware and receiving treatment. All comparisons between BP values are after adjusting for age and body mass index. ± values are the  

standard deviation. 
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3.2.4 Electrolyte excretion rates 

 

Table 6 gives the urine volumes, urine electrolyte concentrations, electrolyte 

excretion rates, and creatinine clearance values of the participants. The average 24-hour 

urinary Na+ excretion rate for the whole group was 114±55 mmol/day, well above the 

RDA for Na+ intake of 65 mmol/day. Thus most of the study group (82%) were 

consuming more than the RDA for Na+ intake. All subjects and patients had 24-hour 

urinary K+ excretion rates less than the RDA for K+ intake of 120 mmol/day. 

No differences were noted between the groups in urine volumes, urine 

electrolyte concentrations, electrolyte excretion rates and the proportion of participants 

with 24-hour urinary Na+ excretion rates greater than 65 mmol/day (Table 6). On 

multivariate regression analysis, a younger age and male gender were the only 

independent determinants of 24-hour urinary Na+ excretion (age: β-coefficient=-

0.59±0.25, p<0.02; gender: β-coefficient=15.9±7.8, p<0.05). Male gender was the only 

independent predictor in the proportion of subjects with a 24-hour urinary Na+ excretion 

rate greater than 65 mmol/day (β-coefficient=23±8, p<0.005). Awareness of 

hypertension was not associated with 24-hour urinary Na+ excretion or the proportion of 

participants with 24-hour urinary Na+ excretion rates greater than 65 mmol/day. 
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Table 6. Urinary values of study subjects 

Normotensives                   Hypertensives aware  Hypertensives unaware 

                                          and receiving treatment             and not receiving treatment 

_______________________________________________________________________________________________________________ 

Urine volume (ml/day)   1335±696       1446±666            1418±838 

UNa+ (mmol/l)       106±59          87±42               86±37 

UK+ (mmol/l)        30±20          26±14               26±15 

Ucreatinine (mmol/day)       12±7                      13±8               13±10 

Creatinine clearance (ml/min)   118±65        122±71              107±79 

Urine Na+ excretion (mmol/day)   117±56        112±54              102±49 

Urine K+ excretion (mmol/day)    33±17         32±16               28±13 

24-hour urine Na+ >65 mmol/day  n (%) 168 (84%)       49 (80%)              22 (73%) 

_______________________________________________________________________________________________________________ 

UNa+, UK+ and Ucreatinine indicate urine concentrations of Na+, K+ and creatinine. There were no significant differences between the groups 

before or after adjusting for covariates. ± values are the standard deviation. 
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3.3 Determinants of 24 hour ambulatory BP and nocturnal decreases in BP 

 

The following section describes the data obtained to assess the determinants of 

ambulatory BP and nocturnal decreases in BP in the community studied. 

 

3.3.1 Ambulatory BP values in subjects with appropriate urine samples 

 

Tables 7 and 8 show ambulatory BP data obtained in all subjects with 24-hour 

ambulatory BP values that met pre-specified quality control criteria, and in subjects 

with both appropriate 24-hour urine and 24-hour BP data. As would be expected, 

daytime BP values were considerably higher than night-time values (Table 7) and a 

marked decline in BP occurred at night (Tables 7 and 8). Importantly, data obtained in 

subjects with appropriate 24-hour urine samples were similar to that obtained for all 

subjects with 24-hour BP data. 

 

3.3.2 Urinary salt excretion in subjects with appropriate 24 hour BP data 

 

 Table 9 shows urinary values in all subjects with appropriate 24 hour urine 

samples and urinary values in subjects with appropriate urine samples as well as 24-

hour ambulatory BP data. Importantly, no differences were noted between these two 

groups. 
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Table 7  Ambulatory blood pressures in all subjects with 24-hour ambulatory BP data (mmHg) and subjects with 24-hour urine excretion 

data. 

 

 All subjects (n=314) Subjects with 24-hour urine data (n=228) 

Index Mean SD P5 P50 P95  Mean SD P5 P50 P95  

24 hour SBP 118.7 15.7 100.0 115.3 150.8  118.5 15.3 100.7 114.6 150.5  

24 hour DBP 72.8 10.4 58.4 71.2 93.6  72.5 10.2 58.9 71.2 93.6  

Daytime SBP 123.1 15.3 103.8 120.0 154.5  122.9 15.1 104.7 119.6 152.8  

Daytime DBP 77.9 10.7 62.8 76.0 97.8  77.5 10.7 63.1 75.7 97.8  

Night-time SBP 111.7 18.2 90.0 107.6 152.9  111.4 17.7 90.1 107.0 148.1  

Night-time DBP 65.0 12.0 49.4 63.2 88.7  64.8 11.5 49.8 63.0 86.5  

SD, P5, P10, P50, P90, and P95 indicate standard deviation and percentiles; SBP, systolic BP; DBP, diastolic BP.
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Table 8. Indices of nocturnal decreases in blood pressure (BP) in all subjects with 24-hour ambulatory BP data and subjects with 24-hour 

ambulatory BP and 24-hour urine excretion data.  

 

 All subjects (n=314) Subjects with 24-hour urine data (n=228) 

Index Mean SD P5 P50 P95  Mean SD P5 P50 P95  

% decrease in SBP  9.4 8.4 -5.4 10.5 20.9   9.4       7.9 -5.2 10.6 20.9  

% decrease in DBP 16.5 10.1 -1.4 17.2 33.6  16.3 9.9 -1.4 16.9 32.9  

Night-day SBP -11.4 10.3 -26.4 -12.4 7.7  -11.5 10.0 -26.3 -12.6 7.7  

Night-day DBP -12.9 8.0 -26.8 -12.8 1.10  -12.7 7.8 -26.1 -12.7 1.10  

Night SBP/day SBP 0.91 0.08 0.79 0.90 1.05  0.91 0.08 0.79 0.89 1.05  

Night DBP/day DBP 0.83 0.10 0.66 0.83 1.01  0.84 0.10 0.67 0.83 1.01  

SD, P5, P10, P50, P90, and P95 indicate standard deviation and percentiles; SBP, systolic BP; DBP, diastolic BP. 
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Table 9. Urinary values of all study subjects and study subjects with appropriate 24-

hour ambulatory BP values. 

      All subjects       With 24-hour BP data 

         n=291                        n=228  

______________________________________________________________________ 

Urine volume (ml/day)   1366.9±704.7  1348.1±695.8 

UNa+ (mmol/l)     99.7±54.2  97.3±49.7 

UK+ (mmol/l)     28.7±18.1  29.0±18.8 

Ucreatinine (mmol/day)    12.5±7.7  12.5 ±7.6 

Creatinine clearance (ml/min)  117.9±67.9            115.6±66.6 

Urine Na+ excretion (mmol/day)  114.4±54.6  110.4±47.5 

Urine K+ excretion (mmol/day)  32.1±16.2  31.9±15.6 

______________________________________________________________________ 

See table 6 for abbreviations. ± values are the standard deviation. 
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3.3.3. Determinants of ambulatory blood pressures 

 

 Table 10 summarises the results of stepwise regression analysis for relationships 

between a number of demographic and clinical characteristics and 24-hour blood 

pressures. Age, male gender, BMI, and waist circumference were independently 

associated with 24-hour BP (Table 10). Moreover, skin-fold thickness was 

independently associated with 24-hour BP (data not shown). However, waist-to-hip 

ratio was not an independent predictor of 24-hour BP (data not shown). Neither urinary 

Na+, nor K+ excretion, nor urine Na+:K+ ratios were associated with 24-hour BP (Table 

10). Models for day and night BP are not shown, and models with waist-to-hip ratio and 

skin-fold thickness are not shown). Neither the use of antihypertensive medication, 

regular tobacco or alcohol intake, nor the presence or absence of diabetes mellitus or 

abnormal blood glucose control were associated with 24-hour BP (data not shown). 

Essentially the same predictors of BP were noted as indicated in Table 10 in stepwise 

regression models with day and night periods determined separately (data not shown).  

 

3.3.4. Determinants of nocturnal decreases in ambulatory blood pressures 

 

            Figure 6 shows the multivariate between urine sodium excretion and day-night 

difference, figure 7 shows the relationship between urine potassium excretion and day-

night difference, figure 8 shows the relationship between the sodium to potassium ratio 

and the day-night difference and figure 9 shows the relationship between BMI and the 

day-night difference. Tables 11 and 12 summarise the results of stepwise regression 

analysis for relationships between a number of demographic and clinical characteristics 

and either day-night differences in BP (Table 11) or the ratio of night to day blood 
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pressure (Table 12). Twenty-four hour BP and male gender were the only independent 

predictors of day-night differences in BP (Table 11) and the ratio of night to day blood 

pressure (Table 12). Neither indices of salt excretion nor adiposity were significantly 

associated with any index of nocturnal decreases in BP (Figures 6, 7, 8 and 9, Tables 11 

and 12). Moreover, neither the presence of hypertension, the use of antihypertensive 

medication, nor the presence or absence of diabetes mellitus or an abnormal blood 

glucose control were associated with nocturnal decreases in BP (data not shown). 
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Fig 6 Relationship between urinary sodium excretion and night-day difference in BP 
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Fig 7 Relationship between urinary potassium excretion and night-day difference in BP 
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Fig 8 Relationship between sodium to potassium ratio and night-day difference in BP 
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Fig 9 Relationship between BMI and night-day difference in BP 
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Table 10. Determinants of 24-hour blood pressure in study subjects. 

                                                                         24-hour systolic BP      24-hour diastolic BP 
             Na+ and K+ in model       Na+/K+ in model  Na+ and K+ in model       Na+/K+ in model 
 

                Parameter   P value          Parameter      P value   Parameter   P value          Parameter      P value   
                     estimate*                          estimate*   estimate*                          estimate* 

_____________________________________________________________________________________________________________ 

         Models with waist circumference 

 
Age (years)                                         0.26±0.07   <0.0005        0.27±0.07     <0.0005    0.15±0.05    <0.005        0.16±0.05     <0.002    
Male gender                                        5.02±2.41    =0.038        -4.92±2.39      =0.04            2.11±1.62    =0.19          1.83±1.62      =0.26  
Waist circumference (cm)  0.18±0.08    <0.03           0.17±0.08      <0.03  0.13±0.05    <0.02          0.12±0.05      =0.03 
Urine Na+ excretion (mmol/day) 0.02±0.02    =0.36                -       -  -0.01±0.02    =0.82                -        - 
Urine K+ excretion (mmol/day)        -0.11±0.07    =0.12                 -                  -  -0.08±0.05    =0.13                -                   - 
Urine Na+/K+        -          -                   0.67±0.56      =0.23     -          -                   0.02±0.38      =0.95 
 

Models with body mass index (BMI) 
 
Age (years)                                        0.29±0.07   <0.0001        0.30±0.07       <0.0001    0.17±0.05   <0.0005        0.18±0.05       <0.0001    
Male gender                                       5.02±2.49    =0.02           5.70±2.47       <0.03            2.81±1.68     =0.10         2.49±1.67       =0.14  
BMI               0.36±0.16    <0.03           0.35±0.16       <0.04  0.25±0.11     <0.03          0.22±0.11       <0.05 
Urine Na+ excretion (mmol/day)       0.02±0.02    =0.65                 -          -            -0.01±0.02     =0.73                 -       - 
Urine K+ excretion (mmol/day)       -0.11±0.07    =0.13                  -                  -            -0.07±0.05     =0.18                 -                 - 
Urine Na+/K+        -          -                 0.56±0.55       =0.30      -          -                 -0.06±0.37       =0.88 
 

* From stepwise regression analysis with listed factors as well as treatment for hypertension, regular alcohol and tobacco, diabetes mellitus or an 

HbA1c>7.0% forced into the model. Further adjustments of probability values were made for relatedness. ± values are the standard deviation.  
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Table 11. Determinants of night-day differences in blood pressure in study subjects. 

                                                                         Day-night systolic BP      Day-night diastolic BP 
             Na+ and K+ in model       Na+/K+ in model  Na+ and K+ in model       Na+/K+ in model 
 

           Parameter   P value          Parameter      P value   Parameter   P value          Parameter      P value   
            Estimate*                         estimate*   estimate*                          estimate* 

_____________________________________________________________________________________________________________ 

         Models with waist circumference 
 
24-hour BP               0.13±0.05    <0.02          0.12±0.05     =0.02           -0.03±0.06     =0.67         0.03±0.06       =0.62 
Age (years)                                        -0.02±0.05    =0.70         -0.02±0.05     =0.77    0.03±0.04     =54            0.02±0.04      =0.60    
Male gender                                        3.17±1.66    =0.06          3.07±1.64     =0.06             2.63±1.32     <0.05         2.72±1.31       <0.04  
Waist circumference (cm)            -0.02±0.06    <0.70         -0.02±0.06     =0.72  0.00±0.04    =0.97          0.00±0.04      =0.92 
Urine Na+ excretion (mmol/day)       -0.02±0.02    =0.35                -       -             0.00±0.01    =0.90                -       - 
Urine K+ excretion (mmol/day)        -0.03±0.05    =0.61                 -                  -             0.02±0.04    =0.62                -                   - 
Urine Na+/K+        -          -                 -0.07±0.39     =0.86      -          -                -0.12±0.31      =0.69 

 
Models with body mass index (BMI) 

 
24-hour BP              0.12±0.05    <0.02         0.12±0.05       <0.02           -0.03±0.06    =0.66        -0.03±0.06       =0.62 
Age (years)                                        0.03±0.04    =0.45        -0.02±0.05       =0.74    0.03±0.04   =0.45          0.03±0.04       =0.50    
Male gender                                      3.14±1.72    =0.07          2.99±1.70       =0.08              2.69±1.38   =0.05          2.78±1.36       =0.04  
BMI             -0.03±0.11    =0.78         -0.04±0.11       =0.75  0.00±0.09   =0.96          0.00±0.09       =0.92 
Urine Na+ excretion (mmol/day)     -0.02±0.02    =0.36                  -       -             0.00±0.01   =0.89                  -              - 
Urine K+ excretion (mmol/day)        0.02±0.05    =0.68                  -                  -             0.01±0.04   =0.72                  -                  - 
Urine Na+/K+        -          -                -0.03±0.38     =0.94      -          -               -0.09±0.30       =0.78 
_____________________________________________________________________________________________________________ 

* From stepwise regression analysis with listed factors as well as treatment for hypertension, regular alcohol and tobacco, diabetes mellitus or an 

HbA1c>7.0% forced into the model. Further adjustments of probability values were made for relatedness. ± values are the standard deviation.  
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Table 12. Determinants of the ratio of night-to-day blood pressure in study subjects. 

                                                                    Night-to-day ratio of systolic BP                     Night-to-day ratio diastolic BP 
             Na+ and K+ in model       Na+/K+ in model  Na+ and K+ in model       Na+/K+ in model 
 

           Parameter   P value          Parameter      P value   Parameter      P value        Parameter      P value   
            Estimate*                         estimate*   estimate*                           estimate* 

_____________________________________________________________________________________________________________ 

         Models with waist circumference 
 
24-hour BP        0.0013±0.0004   <0.001      0.0013±0.0003  <0.001 0.0014±0.0007  =0.05      0.0014±0.0007  =0.06 
Age (years)                                 -0.0001±0.0004   =0.80      -0.0000±0.0004   =0.86    0.0003±0.0005  =0.58      0.0002±0.0005  =0.62    
Male gender                                 0.0250±0.0128   =0.05      -0.0242±0.0127   =0.06          0.034±0.016       =0.03      0.034±0.016      =0.03  
Waist circumference (cm)      0.0000±0.0004   =0.95      -0.0000±0.0004   =0.96          0.0001±0.0005   =0.79      0.0002±0.0005  =0.76 
Urine Na+ excretion (mmol/day)-0.0001±0.0001   =0.31                -       -            0.0000±0.0002   =0.96                -       - 
Urine K+ excretion (mmol/day)   0.0002±0.0004   =0.58                -                  -            0.0002±0.0005   =0.74                -                   - 
Urine Na+/K+        -          -             -0.0007±0.003    =0.79      -        -         -0.001±0.004      =0.77 

 
Models with body mass index (BMI) 

 
24-hour BP        0.0013±0.00004   =0.0005  0.0013±0.0003  <0.001 0.0014±0.0007   =0.05      0.0014±0.0007  =0.05 
Age (years)                                  0.0000±0.00037   =0.80      0.0000±0.0004   =0.89    0.0003±0.0005   =0.47      0.0003±0.0005  =0.49    
Male gender                                 0.0254±0.0132     =0.06      0.0241±0.0131   =0.07          0.035±0.017       <0.05      0.036±0.017      =0.03  
BMI         0.0000±0.00087   =0.99      0.0000±0.0008   =0.96 0.0002±0.001     =0.82      0.0003±0.0011  =0.80 
Urine Na+ excretion (mmol/day) 0.0001±0.0001     =0.31                  -          -             0.0000±0.0002   =0.95                  -          - 
Urine K+ excretion (mmol/day)   0.0001±0.0004     =0.63                  -                  -             0.0001±0.0005   =0.83                  -                  - 
Urine Na+/K+        -          -              -0.0006±0.0029   =0.84      -          -       -0.0007±0.0037   =0.85 
_____________________________________________________________________________________________________________ 

• From stepwise regression analysis with listed factors as well as treatment for hypertension, regular alcohol and tobacco, and diabetes 

mellitus or an HbA1c>7.0% forced into the model. Further adjustments of probability values were made for relatedness. ± is SD. 
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 A number of issues were considered in the present dissertation. The community 

studied is of African ancestry and hence could have an attenuated nocturnal decrease in 

BP as compared to groups of European descent. Consequently, this discussion will 

initially focus on ethnic associations with nocturnal changes in BP and the potential 

factors that could contribute toward these changes. Second, prior to assessing the 

relationship between either salt intake or excess adiposity and nocturnal decreases in 

BP, I established that a high prevalence of inappropriate salt intake and adiposity exists 

in the community studied. Therefore, in the next part of this chapter I will discuss the 

implications of the data obtained on indices of salt intake obtained in the community 

studied. Lastly, the role of salt intake and adiposity as determinants of nocturnal 

decreases in BP in this and other studies will be discussed. 

 

4.1 Nocturnal decreases in BP in groups of African descent 

 

Earlier studies with relatively small sample sizes have reported on comparisons 

of nocturnal decreases in BP between groups of African and European origins (Belsha 

et al 1997; Chaturvedi et al. 1994; Fumo et al, 1992; Gretler et al, 1994; Harshfield et al 

1993; Hebert et al 1996; James et al 1991; Mayet et al, 1998; Murphy et al 1991; 

Olutade et al 1998; Osei and Schuster, 1996; Treiber et al 1994; Harshfield et al, 1990; 

Harshfield et al, 2002a, Harshfield et al 2002b, Vaughan and Murphy,1994; Mancia et 

al. 1999, Hinderliter et al, 2004; Profant and Dimsdale 1999; Harshfield and Treiber, 

1999). Although a number of these studies reported on an attenuated nocturnal decrease 

in BP in those of African ancestry, data that has largely been summarised in a meta-

analysis (Profant and Dimsdale 1999), the outcome of the meta-analysis did not support 

this outcome, except when considering African-American as compared to European-
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American groups alone (Profant and Dimsdale 1999). Consequently, large studies in 

randomly selected subjects were required. In this regard, more recent data obtained in a 

large study sample have provided clear evidence that African-Americans have a marked 

attenuation in the nocturnal decline in BP as compared to European-Americans (Wang 

et al 2006). 

Comparisons of indices of nocturnal decreases in BP between groups of African 

and European descent living in countries other than North America have revealed 

discrepant data. Although some groups have shown an attenuated decline in nocturnal 

BP (Mayet et al J, 1998; Chaturvedi et al 1993), others have failed to reproduce these 

data (Chaturvedi et al.1993; Fumo et al 1992). Nevertheless, meta-analysis showing an 

attenuated nocturnal decline in BP when considering African-American as compared to 

European-American groups alone, but not when including groups of African descent 

living in non-American countries in the analysis (Profant and Dimsdale 1999), would 

suggest that the effect is environmental rather than biological. 

Whether a reduced nocturnal decline in BP has implications for cardiovascular 

disease or outcomes in groups of African descent is not clear. There are fairly 

substantial data to indicate that a reduced nocturnal decline in BP or nocturnal BP per 

se is independently associated with cardiovascular outcomes in Caucasian and Asian 

groups (Verdecchia et al 1993; Verdecchia et al 1994; Verdechia et al 1995; Ohkubo et 

al 1997; Staessen et al 1999; Kikuya et al 2005, Suzuki et al 2000). However, when 

assessing the regression of left ventricular mass with antihypertensive therapy, both 

daytime and night-time BP appear to be equally well correlated with changes in LV 

mass (Mancia et al 1997). Moreover, in some studies, daytime rather than night-time 

BP was a better predictor of cardiovascular outcomes (Devereux et al 1991). Presently 

the only data to show the relationship between diurnal BP profiles and either 
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cardiovascular target organ effects or outcomes in persons of African descent is a four 

month study conducted in black South Africans showing that both daytime and night-

time BP were equally well correlated with the regression of LV mass on-treatment 

(Skudicky et al 2002). Further cross-sectional and prospective analysis is currently 

underway under the umbrella of the APOGH study to assess the clinical importance of 

nocturnal decreases in BP in subjects of African descent living in South Africa. 

 

4.2 Environmental and phenotypic factors other than adiposity or salt intake 

that may influence nocturnal decreases in BP  

 

As indicated in the above discussion it is likely that the factors that determine 

ethnic differences in nocturnal decreases in BP are environmental in origin. A number 

of environmental factors may influence the ability of BP to decrease at night. Elevated 

24-hour values, treatment status and alternative disease processes, such as diabetes 

mellitus, may modify nocturnal BP profiles (Profant and Dimsdale 1999; Lurbe et al 

2002; Sturrock et al 2000). In the present dissertation, the presence or absence of 

hypertension, treatment status and the presence or absence of diabetes mellitus were 

included in the regression models as covariates. None of these factors were associated 

with nocturnal decreases in BP. However, this does not exclude the possibility that 

diabetes mellitus produces an attenuated decline in nocturnal BP in this population. In 

the present study only ~7-9% of subjects were receiving treatment for diabetes mellitus 

or had an abnormal blood glucose control as determined from HbA1c values>7.0%. 

Levels of activity, socioeconomic factors, levels of stress, type of work, age, and 

gender have all been reported to contribute to diurnal patterns of BP (Staessen et al 

1997; Schillaci et al 1996). I also included age and gender as covariates in the 
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regression analysis and neither of these factors was associated with nocturnal decreases 

in BP. Importantly, however, fewer men than women participated and thus the 

outcomes of the present study may reflect that of the predominant gender, that is 

females. I could not perform sex-specific analyses as the study sample size in men 

limited the statistical power to perform this analysis. Moreover, I was not statistically 

powered to assess parents and siblings in separate analyses, thus separating younger 

from older individuals. In addition, the attenuation of the nocturnal decline in BP is 

thought to occur at the age of 70 years (Staessen et al 1997) and few of the subjects in 

the present study were over the age of 70 years. Consequently, the present data do not 

exclude the possibility that either age or gender contribute toward attenuated nocturnal 

decreases in BP. Levels of activity, socioeconomic factors and type of work have not 

been analysed to-date as there is no clear method of analysing activity scores and 

socioeconomic status in the South African context. Although data on occupation, 

income, and level of education has been obtained, a meaningful score still have to be 

decided upon. Levels of stress were not assessed as part of the present study. 

 

4.3 Salt intake in the study group 

 

 As adiposity and salt intake are two modifiable factors that have previously been 

reported to increase nocturnal BP or reduce nocturnal decreases in BP (Harshfield et al 

2000; Damasceno et al 2000; Okuguchi et al 1999; Harshfield et al, 1991; Kotsis et al 

2005; Staessen et al 1997), the main aim of the present study was to assess whether 

adiposity and salt intake are associated with nocturnal decreases in BP in an urban 

developing community of African descent. Previous studies have indicated that there is 

a high prevalence of adiposity in urban developing communities of African descent 
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(Puonane et al 2002). These data are supported by the present study where ~67% of 

subjects recruited were either overweight or obese. The high prevalence of excess 

adiposity in this community indicated that excess adiposity was worth studying as a 

potential mechanism of attenuated nocturnal decreases in BP. However, there is no 

clear evidence as to whether inappropriate salt intake characterises this community. 

Therefore as one aspect of this study I also explored the dietary salt patterns in this 

community. 

The main findings of the study designed to assess whether 

inappropriate/appropriate salt intake characterises this community are as follows: First, 

82% of people living in urban, developing communities surrounding Johannesburg have 

24-hour urinary Na+ excretion rates greater than the RDA of 65 mmol/day. Second, all 

persons living in urban, developing communities surrounding Johannesburg have 24-

hour urinary K+ excretion rates less than the RDA of 120 mmol/day. Third, awareness 

and treatment of hypertension (determined from a clinical history, the current use of 

pharmacological agents and an understanding of their purpose) was not associated with 

24-hour urinary Na+ or K+ excretion rates in an urban developing South African 

community. There were no differences in 24-hour urinary Na+ or K+ excretion rates or 

the proportion of participants with 24-hour urinary Na+ excretion rates greater than 65 

mmol/day between patients aware of their disorder and receiving treatment for it and 

those unaware of their disorder. These data suggest that reductions in Na+ intake and 

increases in K+ intake in hypertensives as recommended in all guidelines and consensus 

opinions for the diagnosis and management of hypertension (World Health 

Organization, International Society of Hypertension Writing Group. 2003; Guidelines 

Committee of the European Society of Hypertension-European Society of Cardiology 
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2003; Chobanian et al 2003; Williams et al 2004; Appel et al 2006) are not being 

achieved in urban, developing communities of African ancestry in South Africa. 

Although 24-hour urinary Na+ excretion is a close reflection of Na+ intake with 

only a minor component lost in the gastrointestinal tract and through sweat (Palacios et 

al. 2004), a substantial portion of total K+ intake is excreted via the gastrointestinal tract 

rather than in the urine (Barlow et al 1986). Consequently, I am likely to have 

substantially underestimated K+, but not Na+ intake from urinary excretion rates. 

Therefore, in the present study I could have overestimated the frequency of individuals 

whose K+ intake is below the RDA. Nevertheless, assuming that faecal K+ excretion 

was approximately one-third of urinary K+ excretion as previously reported (Barlow et 

al 1986) adding a third to the mean urinary K+ excretion rate of each individual would 

still have resulted in all participants consuming less than the RDA for K+ intake of 120 

mmol/l (Appel et al 2006). 

In the present study 87% of treated hypertensive patients were receiving thiazide 

diuretic agents, which are well recognised to promote a natriuresis and kaliuresis. 

However, measurements of 24-hour urinary Na+ and K+ excretion rates are generally 

considered to reflect salt intake rather than pharmacologically-induced changes in renal 

function. Indeed, treatment of hypertensives for two years with a thiazide diuretic failed 

to modify 24-hour urinary Na+ excretion rates (Bing et al 1979). However, to avoid 

misinterpretation of data because of a potential confounding effect of the use of 

antihypertensive agents, in the analysis I also adjusted for drug class. 

Participants were not followed prospectively in the present study. Therefore, it 

may be argued that hypertensives aware of their condition may have reduced their 

dietary Na+ and increased their dietary K+ intake to values comparable with those noted 

in normotensives. However, this cannot explain the comparable 24-hour urinary Na+ 
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and K+ excretion rates between hypertensives aware of their condition and receiving 

treatment for it and hypertensives unaware of their condition and not receiving 

treatment for it. Presumably hypertensives unaware of their condition and not receiving 

antihypertensive therapy would have received little if any dietary advice. Hence, these 

subjects should have 24-hour urinary Na+ and K+ excretion rates that represent values in 

hypertensives presently aware of their condition and receiving antihypertensive agents 

for it prior to when dietary advice could have been implemented. 

The mean 24-hour urinary Na+ and K+ excretion rates reported on in the present 

study are lower than those reported on in some studies conducted in populations of 

European and of African descent (Hoosen et al 1985; Hoosen et al 1990; Ganguli et al 

1999). It may therefore be argued that at a population level dietary habits have tended 

toward a lower Na+ intake in South Africa and therefore that dietary changes are 

possibly occurring at a population level rather than just in hypertensives. However, in 

the questionnaire, few subjects reported having received dietary advice. Despite 

measures taken to prevent incomplete urine collection, this possibility may however 

still explain lower mean Na+ excretion values noted in the present study as compared to 

other studies (Hoosen et al 1985; Hoosen et al 1990; Ganguli et al 1999). Nevertheless, 

urinary K+ excretion rates in the present study are comparable with those previously 

reported on in subjects of African descent under conditions where patients were 

carefully monitored (Palacios et al 2004). Moreover, quality control of urine collection 

was determined using standard approaches. Thus incomplete 24-hour urine collection is 

an unlikely explanation. Importantly, although mean Na+ excretion values were lower 

in the present study as compared to other studies (Hoosen et al 1985; Hoosen et al 1990; 

Ganguli et al 1999), the majority of treated (80%) and untreated (73%) hypertensives 

were imbibing more than the recommended daily Na+ intake. Considering that 
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hypertensives of African descent are particularly responsive to decreases in Na+ intake 

(He et al 2000), the present study is a serious indictment of dietary management in 

hypertensives at a primary care level in urban, developing communities in South Africa. 

From a clinical perspective, if mean Na+ intake in hypertensives were decreased to 

RDA values, BP values could be reduced on average by ~3 mm Hg systolic BP and 

~1.6 mm Hg diastolic BP (He et al 2002). As indicated by the present study, because BP 

control is substandard in treated hypertensives, this approach could improve the 

proportion of patients who achieve target BP levels. 

 The reasons for the lack of association between awareness of hypertension and 

indexes of dietary Na+ intake were not explored in the present study. These could 

include a lack of availability of low Na+, high K+ food products, a lack of dietary advice 

provided by health care workers, or failure of patients to respond to the dietary advice 

given. Failure to provide dietary advice may occur because of time constraints in 

overburdened clinics, a lack of dietary knowledge by health care workers, or a lack of 

faith by health care workers in diet as a form of therapy for hypertension. Failure to 

respond to dietary advice could occur because of the limited availability of appropriate 

food products, a reluctance to change dietary habits, or a lack of understanding of the 

advice being given. 

 

4.4 Relationship between salt intake or excess adiposity and ambulatory BP 

and nocturnal decreases in BP 

 

Having confirmed that excess adiposity does indeed characterise the study group 

and having established that the majority of people in the community consume more Na+ 

and less K+ than the recommended daily allowances, I then assessed whether either 
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adiposity or electrolyte intake are associated with nocturnal decreases in BP. In the 

present study, although indices of adiposity were associated with nocturnal BP, neither 

indices of adiposity nor indices of electrolyte intake were associated with indices of 

nocturnal decreases in BP. 

Few studies have assessed the impact of salt intake on nocturnal decreases BP or 

nocturnal BP per se. The lack of relationship between salt intake and nocturnal 

decreases in BP in the present study are not in contrast to previous data exploring the 

relationship between salt intake and nocturnal decreases in BP (Damasceno et al 2000; 

Okuguchi et al 1999). In these previous studies (Damasceno et al 2000; Okuguchi et al 

1999) a relationship between salt intake and nocturnal decreases in BP was only 

apparent in salt-sensitive individuals. In this regard, irrespective of salt intake, salt-

sensitivity is associated with nocturnal decreases in BP (Wilson et al., 1999). However, 

salt intake has been shown to be associated with nocturnal, but not daytime BP in 

persons of African descent (Harshfield et al, 1991), data that would suggest a potential 

modifying impact of salt intake in general on nocturnal decreases in BP. Moreover, the 

relatively high prevalence of salt-sensitivity in persons of African descent could have 

resulted in a relationship between salt intake and nocturnal decreases in BP in the 

community studied by myself. Nevertheless, as the present data show, this relationship 

was not apparent and hence at a community level, the question arises as to whether 

modifying salt intake is likely to influence the nocturnal decline in BP. Further studies 

in this regard are required.   

The lack of association between salt intake and nocturnal decreases in BP in the 

present study may also be attributed to the general lack of relationship between salt 

intake and ambulatory BP noted in the community studied. Although K+ intake was 

inversely associated with 24-hour diastolic BP in the present study, neither Na+ intake 
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nor urinary Na+:K+ ratios were associated with 24-hour BP. Based on these outcomes it 

may be argued that salt intake measurements in our study may have been inaccurate and 

limited my ability to detect a relationship with either BP or nocturnal decreases in BP. 

However, the quality control measures used in the present study to ensure that 

appropriate urinary salt excretion data were obtained were the same as those reported 

on in numerous publications (see methods section). Moreover, the relationship between 

salt intake and either conventional or ambulatory BP in previous studies has generally 

been inconsistent (INTERSALT Cooperative Research Group 1988; Smith et al 1988), 

possibly because this relationship is only likely to become apparent in subjects who are 

salt-sensitive (Okuguchi et al 1999). Therefore, further studies are required to determine 

whether salt intake in the community studied is related to absolute 24 hour BP or 

nocturnal decreases in BP in those subjects who are salt-sensitive. Indeed, we are 

presently assessing the capacity of specific regions of the tubule to handle salt using 

lithium clearance techniques. These data are however presently available on only a 

portion of the subjects studied and would go beyond the scope of an MSc dissertation.       

 

4.5 Relationship between adiposity and ambulatory BP and nocturnal 

decreases in BP 

 

As with the present study, a number of studies with large sample sizes have 

previously demonstrated a relationship between adiposity and conventional BP (for 

example Zhu et al 2005; Okosun et al, 1998; Harris et al 2000). However, it is only 

recently that a study with a large sample size has been published demonstrating a 

relationship between indices of adiposity and 24-hour BP (Kotsis et al 2005). As with 
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this prior study (Kotsis et al 2005), the present study shows a clear relationship between 

indices of adiposity and 24 hour ambulatory BP. 

Obesity has previously been demonstrated to have a greater impact on BP at 

night than during the day (Harshfield et al 2000). The obvious conclusion from this is 

that excess adiposity should influence the difference between day and night BP. Indeed, 

in a large study conducted in a group of European ancestry obesity was associated with 

attenuated nocturnal decline in BP (Kotsis et al 2005). However, despite showing a 

relationship between indices of adiposity and ambulatory BP in the present study, I was 

unable to show a relationship between indices of adiposity and nocturnal decreases in 

BP. Differences between this and a previous study could be related to a number of 

factors. First, Kotsis et al (2005) assessed subjects referred to them for the assessment 

of hypertension, rather than randomly recruiting in the population at large. Hence, a 

selection bias may have occurred in the study by Kotsis et al (2005). However, the 

present study is limited by the predominance of one gender (females) recruited and our 

inability to assess gender-specific effects because of the limited number of male 

subjects recruited. In contrast, in the study by Kotsis et al (2005) there was an equal 

distribution of genders. The mean age of the study subjects recruited by Kotsis et al 

(2005) was 10 years older than the subjects studied by us and as previously mentioned 

age is major determinant of nocturnal decreases in BP (Staessen et al 1997). Lastly, the 

methods of assessing the relationship between nocturnal decreases in BP and indices of 

adiposity were different. In the study conducted by Kotsis et al (2005) nocturnal 

decreases in BP were assessed as discrete data, with subjects classified on the basis of 

whether they had a nocturnal decrease in BP that was >10% of the daytime value. In the 

present study I assessed nocturnal decreases in BP as continuous data for a number of 

reasons. First, thresholds for what constitutes an abnormal nocturnal decrease in BP 
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have not been described in the present population. Second, the reproducibility of 

“dipping” and “non-dipping” status based on indices of nocturnal BP changes has been 

questioned (Omboni et al 1998). Third, indices of nocturnal decreases in BP may have a 

Gaussian distribution which is nevertheless skewed, and hence although the indices 

may be transformed to provide a normal distribution, they probably should not be 

assessed as a discrete trait. The current study sample was too small to determine the 

distribution and skewness of the distribution of indices of nocturnal decreases in BP in 

healthy, normotensive, non-diabetic individuals. This is the topic of ongoing studies in 

the laboratory.  

 

4.6 Relationship between female gender and attenuated nocturnal decreases in 

blood pressure 

 

 Although not a particularly strong effect, an independent relationship between 

female gender and an attenuated nocturnal decrease in BP was noted in the present 

study. This is in contrast to previous studies conducted with large sample sizes in both 

African-Americans and European-Americans showing a lack of effect of gender on 

nocturnal decreases in BP (Wang et al 2006). It is possible that the gender-specific 

effect noted in the present study represents a false positive finding. Further, even if this 

was a real finding in the present population sample, this was not an a priori hypothesis 

of the present study and hence it would be speculative to suggest potential mechanisms 

of the observed effect. Nevertheless, our group has initiated a study to determine 

whether this observation has merit.    

 

4.7 Potential study limitations and future studies and analysis 
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A number of potential study limitations need to be mentioned and the potential 

solutions to these limitations posed. Many of these limitations have already been 

discussed above, but are worth emphasising. From a general perspective there were a 

greater number of women than men recruited in the present study. This could obviously 

bias the data in favour of effects noted in women. However, gender was included as a 

covariate on regression analysis. Once sample sizes are substantially greater I also 

intend to assess whether interactions between gender and either indexes of adiposity or 

salt intake are associated with nocturnal decreases in BP. 

Although in the present study, random selection procedures were employed, 

nuclear families rather than individuals were randomly selected. This approach was 

utilised in the present study as we are ultimately going to assess familial aggregation of 

phenotypes. Moreover, for prospective analysis we also needed to obtain groups of 

subjects in whom it is ultimately going to be easier to follow-up (family units). 

However, as many of the subjects were related, a correction factor for non-

independence of family members was introduced into the regression analysis using non-

linear regression analysis (a mixed procedure). 

As nuclear families were recruited, there are clearly two distinct age-groups, one 

for the parents and the other for the siblings. As age may determine some of the 

outcomes assessed, it would be important to perform the analysis in just the parents. 

However, age was included in the regression analysis and hence the fact that two 

distinct age-groups were studied, is unlikely to have affected the outcomes of the 

present study.  

The present study was cross-sectional rather than prospective and interventional. 

With respect to salt intake studies it is now well recognized that although the 
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relationships between BP and salt intake are controversial (INTERSALT Cooperative 

Research Group 1988; Smith et al 1988), reductions in salt intake produce relatively 

consistent decreases in BP (MacGregor et al 1989; The Trials of Hypertension 

Prevention Collaborative Research Group 1997; Whelton  et al 1998; He  et al 2000; 

Sacks et al 2001; Vollmer et al 2001; Cutler et al 1997). Whether the same holds true 

for salt intake and nocturnal decreases in BP has not been assessed. Further prospective, 

intervention studies with dietary programs are presently underway and are likely to give 

me a clearer indication as to whether reductions in adiposity or decreases in salt (Na+) 

intake can modify diurnal BP profiles. 

As indicated in the above discussion I did not assess salt-sensitivity. Hence 

although the present data indicate that modifications in salt intake are unlikely to 

influence nocturnal decreases in BP at a community level, I cannot draw conclusions 

about the relationship between salt intake and nocturnal decreases in BP in individuals 

susceptible to the effects of salt. 

In the present study, 24-hour urinary Na+ excretion measurements were obtained 

only once. The extent to which these measurements reflect salt intake over prolonged 

periods is uncertain. Further studies with repeated 24-hour urinary Na+ excretion 

measurements are therefore required to confirm the data from the present study. 

In the present study the reproducibility of diurnal variations in ambulatory BP 

was not determined. Indeed, the reproducibility of nocturnal decreases in BP has been 

questioned (Omboni et al 1998). However, more recent data has demonstrated the 

reproducibility of differences in diurnal patterns between African-American and 

European-American youths over a 2-year study period (Harshfield et al 2002). Hence, 

the extent of nocturnal decreases in BP is likely to be sustained. 
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4.8 Conclusions 

 

In conclusion the present dissertation has demonstrated that in a random 

selected urban community sample of African descent, although excess adiposity, and an 

increased Na+ intake and a decreased K+ intake (as indexed by 24-hour urine electrolyte 

excretion rates) characterizes this community, none of these factors are associated with 

attenuated nocturnal decreases in BP. However, an unexpected finding of the present 

study was an independent association between female gender and an attenuated 

nocturnal decrease in BP. Further studies are nevertheless required to determine 

whether Na+ or K+ intake are associated with nocturnal changes in BP in salt-sensitive 

individuals and whether the gender effect on nocturnal decreases in BP observed in the 

present study represents a chance finding. 
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