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SA JOURNAL OF DIABETES & VASCULAR DISEASE	 EDITORIAL

From the Editor’s Desk 

Correspondence to: FA Mahomed
Head of Clinical Unit; Endocrinology, Department 
of Internal Medicine, University of the Free State, 
Bloemfontein
e-mail: MahomedFA@ufs.ac.za

S Afr J Diabetes Vasc Dis 2018; 15: 43

In this issue, the main areas of interest are cardiovascular risk 
factors, including hypertension in Africa, and renal disease in 
type 2 diabetes. 
Amadi and co-workers (page 44) assessed the cluster of high 

cardiovascular risk factors in male long-distance truck drivers in 
Nigeria, with a view to improving health awareness in this group. 

The prevalence of hypertension in patients with diabetes is 
approximately two-fold higher than in similar individuals without 
this disease. Muddu et al. (page 57) found very high rates of 
hypertension in newly diagnosed type 2 diabetes patients in 
Uganda, and few were aware of their hypertension status. Routine 
assessment and treatment was found to be necessary to prevent 
complications and death. 

This is a common theme in this issue of the journal. Hypertension 
is a clear public health target in Africa.

Dzudie and colleagues, for the PASCAR task force on 
hypertension (page 74), outline such a programme in excellent 
detail. The aim of the programme was to develop guidance on 
implementation strategies for effective detection, treatment and 
control of hypertension in sub-Saharan Africa. They highlight a 

10-point action plan that they wish to be implemented by African 
governments to reduce the incidence of hypertension by 25% by 
2025. They should be complimented and supported for initiating 
this essential health plan.

Shogade et al. (page 64) describe a clear association between 
microalbuminuria and left ventricular diastolic dysfunction. The 
association between microalbuminuria and renal impairment 
in diabetes has been described,1 as has the association between 
macroalbuminuria and cardiovascular death.1 This study shows 
that the cardiac changes occur at an earlier stage than expected 
and that microalbuminuria can be used as a marker for renal and 
cardiac involvement. This can be used clinically to intervene more 
aggressively in the management of the patient at an earlier stage.

Rayner elegantly reviews the renal protective effect of sodium 
glucose transporter 2 (SGLT-2) inhibitors used in the treatment of 
patients with type 2 diabetes, outlining the mechanisms at play. 
One of the SGLT-2 inhibitors is dapagliflozin, which the DECLARE 
study affirms to be safe for use in terms of cardiovascular risk.2

Demir and co-workers looked at whether the choice of statin 
matters; they compared endothelial function after one-year use of 
atorvastatin or rosuvastatin. There was no difference between the 
two statins and both showed a beneficial change in measurements 
of endothelial function.

References
1. 	 Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA, Holman RR. Development and 

progression of nephropathy in type 2 diabetes: The United Kingdom Prospective 
Diabetes Study (UKPDS 64). Kidney Int 2003; 63(1): 225–325.

2. 	 Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapagliflozin 
and cardiovascular outcomes in type 2 diabetes. New Engl J Med 2018; Nov 10. 
doi: 10.1056/NEJMoa1812389. [Epub ahead of print].
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Casmir E Amadi, Tim P Grove, Amam C Mbakwem, Obianuju B Ozoh, Oyewole A Kushimo, 
David A Wood, Michael Akinkunmi

Correspondence to: Casmir E Amadi         
Department of Medicine, College of Medicine, University of Lagos, Nigeria 
e-mail: acetalx@yahoo.com

Amam C Mbakwem, Obianuju B Ozoh
Department of Medicine, College of Medicine, University of Lagos, Nigeria

Tim P Grove, David A Wood
National Heart and Lung Institute, Imperial College, London

Oyewole A Kushimo, Michael Akinkunmi
Department of Medicine, Lagos University Teaching Hospital, Nigeria

Previously published in Cardiovasc J Afr 2018; 29(2): 106–114

S Afr J Diabetes Vasc Dis 2018; 15: 44–51

Abstract
Background: Professional drivers are known to be at high risk 
of cardiovascular disease (CVD). This study was carried out to 
highlight these risk factors and their predictors among male 
long-distance professional bus drivers in Lagos, southwest 
Nigeria, with a view to improving health awareness in this 
group.
Methods: Socio-demographic data, anthropometric indices, 
blood pressure, fasting plasma blood glucose levels and lipid 
and physical activity profiles of 293 drivers were measured.
Results: Mean age of the study population was 48 ± 9.7 
years; 71.0 and 19.5% of the drivers used alcohol and were 
smokers, respectively; and 50.9% were physically inactive. The 
prevalence of overweight and obesity was 41.7 and 21.1%, 
respectively, while 39.7 and 13.9% were hypertensive and 
diabetic, respectively. Ninety (31.3%) subjects had impaired 
fasting glucose levels while 56.3% had dyslipidaemia. 
Predictors of hypertension were age and body mass index 
(BMI). BMI only was a predictor of abnormal glucose profile.
Conclusion: Professional male long-distance bus drivers 
in this study showed a high prevalence of a cluster of risk 
factors for CVD.
 
Keywords: cardiovascular disease, risk factors, long-distance 
drivers

Atherosclerotic cardiovascular disease (CVD), typified by coronary 
heart disease (CHD) and stroke, is a pre-eminent cause of 
preventable and premature mortality globally, accounting for about 
30% of global deaths.1 This is expected to increase by almost 50% 
by 2030.2 It is also a major cause of mass disability and a somatic 
cause of loss of productivity globally, with over 150 million disability 
adjusted life years (DALYS).3 About 80% of this burden from CVD 

is borne by low- and middle-income countries (LMIC).1

Globally, CVD prevalence is on the increase, remarkably so in the 
LMIC. This is largely due to increased urbanisation and its corollary 
of better socio-economic opportunities and Westernisation of 
lifestyles, such as sedentary living, unhealthy dietary choices, 
tobacco use, psycho-social stress and harmful use of alcohol.4 These 
behavioural risk factors predispose to intermediary or metabolic risk 
factors, such as hypertension, abnormalities in blood glucose levels, 
dyslipidaemia, overweight and obesity.5,6

One of the socio-economic consequences of urbanisation is 
mass transit of people, goods and services across regions and long 
distances via land, air and waterways. The consequence of this is 
the creation of effective road transport systems in urban areas, 
with an increase in the number of people engaged in professional 
driving.

Professional drivers as an occupational group are at increased risk 
of CVD. Morris et al., in their seminal research in 1953, documented 
that London bus drivers were at increased risk for CHD compared 
to the more active bus conductors.7 Several other occupational 
epidemiological studies have provided evidence that professional 
drivers (short- and long-distance drivers) suffer more and die from 
CVD.8-11 This excess of CVD morbidity and mortality risk among this 
group is attributable to a high prevalence of CVD risk factors, such 
as obesity, hypertension, sedentary living, diabetes, smoking and 
unhealthy diets found in them.12-14

Beyond these conventional risk factors for CVD, various driving-
related activities, such as traffic congestion, ergonomic factors, 
long-distance driving, shift work, and anxiety and tension from the 
job of driving have also been implicated. These are known to cause 
various neuroendocrine and neurocardiological responses, such as 
increased secretion of cortisol and catecholamines, and decreased 
heart rate variability, which may also be possible mediators of 
CVD.15,16 They can also be considered a vulnerable group with 
social gradients of inequalities; they usually belong to the lower 
socio-economic class, are not well educated/informed and are not 
usually covered by public health policies. They also work under 
immense anxiety and stress. These further heighten their risk for 
CVD. Lagos is the second most populous city in Nigeria, the second 
fastest growing city in Africa and the seventh in the world.17 It is 
the economic hub of the country with well-developed intra-city, 
inter-city and trans-African highway routes for easy mass transit of 
people, goods and services across geographical barriers,18 making 
road transportation and the transportation business important 
features of its economy. Therefore many companies engage in 
long-distance transportation, with professional drivers employed to 
provide this service.

In Nigeria there are few studies on the CVD risk profile of this 
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important but vulnerable group. These studies show that long-
distance drivers have a significant burden of hypertension and 
overweight/obesity, comparable to or even higher than in the 
general population.19-21 Hypertension is a common and important 
CVD risk factor. Its prevalence among long-distance bus drivers 
in Nigeria is 22.5%,19 which was also the pooled prevalence of 
hypertension in the general population in 2012.22 However, none 
of these studies screened the drivers for diabetes/abnormal glucose 
profiles or dyslipidaemia.

Considering the potential risk associated with professional 
driving, the importance of bus drivers to the country’s socio-
economic development and the paucity of data on the cardiovascular 
risk profile of long-distance bus drivers, it became necessary to 
investigate the prevalence of cardiometabolic and lifestyle-related 
risk factors for CVD and their predictors in this segment of the 
Nigerian working population in Lagos, south-west Nigeria. The 
findings from this study will also help create awareness of their risk 
burden and possibly help shape policies to address this risk.

Methods
This was a cross-sectional study involving male long-distance bus 
drivers in major motor parks in Lagos. The parks were selected 
based on their size and the routes they serve. Long-distance driving 
was defined as a distance of 160-km radius from the terminal of 
departure.23

The calculated sample size was 268 based on the prevalence of 
hypertension in the general population.22 To allow for 15% attrition 
rate, the sample size was increased to 308. However, 15 of the 
drivers did not have complete data and were not included in the 
data analysis, giving a response rate of 95%. Therefore 293 was 
the final sample size used in the data analysis. Ethical approval for 
the study was obtained from the Health Research Ethics Committee 
of the Lagos University Teaching Hospital.

We used a stratified cluster-sampling method to recruit 
longdistance drivers registered with the Transport Workers’ Union 
from selected motor parks in Lagos between March and July 2015. 
The motor parks were then stratified based on whether or not they 
organised mandatory annual health and safety training for their 
drivers (AHS motor parks). Only two motor parks employing 400 
drivers met this criterion. The drivers in the AHS motor parks only 
operate from their company terminals. We selected one of these 
for inclusion in the study because its annual health and safety 
programme coincided with the study period. All 168 drivers agreed 
to participate but three (1.8%) later declined.

The second category of (non-AHS) motor parks comprised 
independent drivers and drivers working for small transport 
companies that operate from general and less regulated motor 
parks in Lagos and who do not routinely receive formal health and 
safety checks. We divided these motor parks into two; those serving 
the northern and southern parts of the country, respectively. We 
then randomly selected two motor parks from each of these strata 
for inclusion in the study, thereby selecting four in total. Finally, we 
used a convenience sample of 50 drivers from each of these four 
parks and recruited 143 of them (71.5% response rate). Those who 
declined did so due to time constraints and undisclosed personal 
reasons. Fig. 1 shows the consort diagram on how the participants 
were recruited.

On a mutually agreed day, the consenting drivers were 
approached in groups and were given a talk on the importance of 

healthy living and they were also briefed on the usefulness of the 
study. They were told to observe an overnight fast on the day of the 
medical screening. We used a structured questionnaire administered 
by trained interviewers to obtain their sociodemographic data and 
relevant medical history. Those who couldn’t read or write were 
assisted to complete the questionnaire by interviewers who could 
speak their native languages.

Thereafter their body weights were measured in kilograms with 
an Omron HN289 (Osaka, Japan) digital weighing scale, placed on 
a firm, flat ground, with participants wearing light clothing and 
with no footwear or cap. Measurements were taken to the nearest 
0.5 kg, after ensuring that the scale was always at the zero mark.

Their heights were measured in centimetres with a Seca model 
216 (GmbH, Hamburg, Germany) stadiometer with the participant 
standing erect, back against the height metre rule and occiput 
and heels making contact with the height metre rule. BMI was 
calculated as weight in kilograms divided by height squared in 
metres.24 BMI was categorised as underweight < 18.0 kg/m2; 
normal weight 18.0–24.9 kg/m2; overweight 25.0–29.9 kg/m2; 
class I obesity 30.0–34.9 kg/m2; class II obesity 35.0–39.9 kg/m2 
and class III obesity > 40.0 kg/m2.

Participants’ waist circumferences were measured with an 
inextensible, inelastic 1-cm-wide tape snug around the body at the 
level of the midpoint between the lower margin of the last palpable 
rib and the top of the anterior iliac crest. Measurements were taken 
at the end of normal respiration and ≥ 102 cm was regarded as 
abdominal obesity.25 Their neck circumferences were also measured 
with an inextensible, inelastic 1-cm-wide tape at the level of the 
cricoid cartilage. A neck circumference ≥ 40 cm defined obesity.26

The blood pressure (BP) of the participants was measured by the 
research assistants after five minutes of rest, with the participant 
seated comfortably, feet on the floor, arm at the level of the heart 
and free of any constricting clothing. Appropriate-sized cuffs and 
bladder connected to an Omron HEM7233 (Osaka, Japan) digital 
sphygmomanometer were used in measuring the BP, which was 
taken initially on both arms, and the arm with the higher value was 
used in subsequent measurements. Three BP readings were taken 
at two- to three-minute intervals. The average of three readings 
was taken for analysis. Hypertension was defined as BP ≥ 140/90 
mmHg, self-volunteered history of hypertension and/or use of anti-
hypertensives.

Venepuncture was done on each participant while observing 
aseptic techniques. Five millilitres of venous blood was put in fluoride 
oxalate and lithium heparin vacutainer specimen bottles for fasting 
plasma glucose and fasting lipid profiles, respectively, and sent to the 
laboratory for processing and analysis with a Beckman (Pasadena, 
CA, USA) automated clinical chemistry autoanalyser using standard 
reagents/kits from Randox Laboratories.27 Participants with a fasting 
plasma glucose value of ≥ 126 mg/dl (6.99 mmol/l), self-volunteered 
history of diabetes and or use of insulin/oral hypoglycaemic agents 
were regarded as diabetic, while a fasting plasma glucose level 
between 100 and 125 mg/dl (5.55–6.94 mmol/l) was regarded as 
impaired fasting glucose.28 For the purpose of this study, abnormal 
glucose profile was defined as a combination of impaired fasting 
glucose and frank diabetes.

Abnormal lipid profile was determined from the ATP III guidelines 
of 2001; total cholesterol (TC) ≥ 240 mg/dl (6.22 mmol/l), high-
density lipoprotein cholesterol (HDL-C) ≤ 40 mg/dl (1.04 mmol/l), 
and low-density lipoprotein cholesterol (LDLC) > 160 mg/dl (4.14 
mmol/l) and triglycerides > 150 mg/dl (1.70 mmol/l).29 Atherogenic 
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dyslipidaemia was defined by the Castelli index as TC/HDL-C  
> 3.4.30

The physical activity level of participants was assessed with 
the World Health Organisation (WHO) Global Physical Activity 
Questionnaire-2 (GPAQ-2), which assesses physical activity in four 
domains of work, travel, recreational and resting.31 The product of 
the exercise intensity in metabolic equivalents (METs), duration of 
activity in hours and the number of times per week, expressed as 
METs/hour was regarded as exercise volume. A MET/hour value less 
than 600 per week was taken as physical inactivity.31

Statistical analysis
Data entry and analysis were done with the Statistical Package 
for the Social Sciences 17.0 version (SPSS, Inc, Chicago, IL, USA). 
Continous data are presented as mean and standard deviation. 
Categorical variables are expressed as proportions. Pearson’s 
correlation was used to determine how some independent 
numerical variables (age, BMI, number of years of professional 
driving and number of driving hours/week) correlated with the 
major outcome variables (systolic and diastolic BP, and abnormal 
glucose profile). Furthermore, the independent variables were 
dichotomised to look for an association between them and the 
outcome variables, hypertension and abnormal glucose profile 

using the chi-squared test. Level of statistical significance was set at 
p < 0.05 and confidence interval at 95%.

Multivariate analysis was done using a forward stepwise binary 
logistic regression in order to assess for independent predictors of 
hypertension and abnormal glucose. We included predictor variables 
with associations at a significance level of p ≤ 0.2 on univariate 
analysis in order to accommodate for important risk factors.

Results
A total of 308 drivers were recruited for the study. Fifteen were 
excluded due to incomplete data. Therefore 293 were used for 
data analysis, giving a response rate of 95.1%. 

The age range of the study population was between 25 and 76 
years with a mean of 44.8 ± 9.7 years. Two hundred and eighty 
six (97.6%) of the subjects were aged between 25 and 65 years. 
The rest of their socio-demographic characteristics is shown in 
Table 1.

Fifty-seven of the drivers (19.5%; 95% CI: 14.9–24.0%) were 
active smokers while 217 (74.1%) and 19 (6.5%) were non-
smokers and ex-smokers, respectively. The prevalence of alcohol 
intake was 71.1% (95% CI: 65.7–76.2%). The majority consumed 
various types of alcoholic beverages: beer, spirits and alcohol-based 

Fig. 1. Consort diagram describing how participants were recruited into the study. LDD: long-distance commercial drivers.
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herbal medications. The intake of alcohol was about four bottles of 
beer per week (Table 1).

The mean BMI of the subjects was 27.2 ± 9.6 kg/m2, with 
121 (41.7%) and 61 (21.1%) being in the overweight and obese 
categories, respectively. The prevalence of overweight and obesity 
were 41.7% (95% CI: 36.0–47.4%) and 21.1% (95% CI: 16.3–
25.6%), respectively, giving a combined prevalence of 62.8% 
(95% CI: 57.2–68.3%) (Table 2). Fig. 2 shows the frequency of the 
various classes of obesity.

The mean waist circumference (WC) of the study population 
was 94.9 ± 11.9 cm, while the prevalence of abdominal obesity, 
WC ≥ 102 cm, was 24.1% (95% CI: 19.2–29.0%). The mean neck 
circumference of the study population was 39.2 ± 2.8 cm, with 
28.8% having a neck circumference ≥ 40 cm (Table 2).

The mean systolic blood pressure (SPB) and diastolic blood 
pressure (DBP) of the subjects were 136.3 ± 20.9 and 83.2 ± 13.6 
mmHg, respectively. One hundred and sixteen cases of hypertension 
were identified, giving a prevalence rate of 39.7% (95% CI: 34.0–
45.25%). Eighty-eight (75.9%) were detected for the first time 
during the study. Twenty-eight (24.1%) were previously known 
hypertensives, with six (21.4%) having good BP control (Table 2).

The mean fasting blood glucose level (FBG) of the study population 
was 108.2 ± 39.7 mg/dl (6.01 ± 2.2 mmol/l). Forty of the subjects 
(13.9%; 95% CI: 9.7–17.6%) had diabetes and seven (2.4%) were 
previously known diabetics. Ninety (31.3%) had impaired fasting 
glucose levels. Prevalence of abnormal glucose profiles (diabetes + 
impaired FBG) was 45.2% (95% CI: 39.3–50.7%) (Table 2).

The mean TC of the study population was 218.4 ± 33.2 mg/
dl (5.66 ± 0.86 mmol/l). The overall lipid profile is presented in 
Table 3. One hundred and twenty-eight (43.7%) of the subjects 
had normal lipid profiles while 165 (56.3%) had one form of 
dyslipidaemia or another. The prevalence of dyslipidaemia in the 
study was 56.3% (95% CI: 50.6–62.0%), while the prevalence 
of atherogenic dyslipidaemia, i.e. elevated TC/HDL-C was 33.1% 
(95% CI: 27.7–38.5%) (Table 3).

Table 1. Socio-demographic characteristics of the subjects

Parameters 	 Mean ± SD 	 n (%)
Age (years) 	 44.8 ± 9.7
	 25–44 	 	 147 (50.2)
	 45–64 	 	 139 (47.4)
	 > 65 	 	 7 (2.4)
Educational level
	 Primary 77 (26.3)
	 Secondary 177 (60.4)
	 Tertiary 37 (12.6)
Marital status
	 Married 265 (90.4)
	 Single 22 (7.5)
	 Widowed 3 (1.0)
	 Divorced 3 (1.0)
Number of years as a professional driver	 20.0 ± 10.4
Number of hours driven per week	 41.9 ± 28.7
Smoking pattern
Active smokers 	 	 57 (19.5)
Non-smokers 	 	 217 (74.1)
Ex-smokers 	 	 19 (6.5)
Alcohol use
	 User 	 	 208 (71.1)
	 Teetotaler	 	 85 (29.0)

Table 2. Measures of obesity, BP and glucose profile of the subjects

Parameters 	 Mean ± SD 	 n (%)
BMI (kg/m2) 	 27.2 ± 9.6
Waist circumference (cm) 	 96.4 ± 0.9
	 Proportion < 102 cm 	 	 168 (66.4)
	 Proportion ≥ 102 cm 	 	 125 (43.3)
Neck circumference (cm) 	 39.2 ± 2.8
	 Proportion < 40 cm 	 	 171 (59.6)
	 Proportion ≥ 40 cm 	 131 (41.6)
Blood pressure
	 SBP (mmHg) 	 136.3 ± 20.9
	 DBP (mmHg) 	 83.2 ± 13.6
Total number of hypertensives 	 	 116 (39.7)
	 Newly diagnosed 	 	 88 (75.9)
	 Previously known hypertensives 	 	 29 (9.6)
Blood glucose
	 Fasting blood glucose (mg/dl) 	 108.2 ± 39.7
	 Normoglycaemia 	 	 158 (54.9)
	 Impaired fasting glucose 	 	 90 (31.3)
Total number of diabetics 	 	 40 (13.9)
	 Newly diagnosed diabetics 	 	 33 (82.5)
   Previously known diabetics 	 	 7 (17.5)
SBP: systolic blood pressure; DBP: diastolic blood pressure.

Fig. 2. Prevalence of the various categories of BMI.

Table 3. Pattern of lipid profiles of the subjects

	 Mean ± SD

Parameter	 mg/dl 	 mmol/l 	 n (%)
TC 	 218.4 ± 33.2 	 5.66 ± 0.86
LDL-C	 136.4 ± 33.6 	 3.53 ± 0.87
HDL-C 	 57.7 ± 15.3 	 1.49 ± 0.40
TG 	 122.7 ± 64.1 	 1.39 ± 0.72
Non-HDL-C 	 161.0 ± 31.5
	 TC/HDL-C 	 3.8 ± 1.9
	 TG/HDL 	 3.7 ± 2.6
Abnormal profiles
	 Elevated TC 	 	 	 81 (27.8)
	 Elevated LDL-C 	 	 	 72 (24.6)
	 Low HDL-C 	 	 	 19 (6.5)
	 Elevated TC/HDL-C 	 	 	 96 (33.1)
	 Elevated TG/HDL-C 	 	 	 38 (13.0)

TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C:
high-density lipoprotein cholesterol; TG: triglycerides.
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The mean METs/hour of the subjects was 638.8 ± 565.5, with 
66% of them spending most of their time in the travel domain  
(Fig. 3). The prevalence of physical inactivity in the study population, 
defined as total METs/hour in all four domains < 600 per week 
was 50.9% (95% CI: 53.1–64.3%). Two hundred and thirty-four 
(80.4%) of the subjects were inactive, 56 (19.2%) were low active, 
while one (0.3%) was medium active. None was highly active.

One hundred and thirty-two (45.1%) subjects had co-occurrence 
of two or more risk factors. The most prevalent combination was the 
duo of hypertension and abnormal glucose profile. Fig. 4 shows the 
common single risk factors, while common risk factor combinations 
are shown in Fig. 5. Alcohol use and physical inactivity were the 
commonest behavioural risk factors, while overweight/obesity, 
hypertension and dyslipidaemia were the three most common 
metabolic risk factors in the subjects (Fig. 6).

Pearson’s correlation was used to determine how some 
independent numerical variables (age, BMI, number of years of 
professional driving and number of driving hours/week) correlated 
with the major outcome variables (SBP, DBP and fasting blood 
glucose level). Age correlated significantly with SBP (r = 0.362, 
p < 0.001) and DBP (r = 0.335, p < 0.001). BMI also correlated 

significantly with SBP (r = 0.288, p < 0.001) and DBP (r = 0.208,  
p < 0.001). BMI alone correlated significantly with fasting glucose 
(r = 0.136, p = 0.021).

Furthermore, the independent variables were dichotomised to 
look for an association between them and outcome variables of 
hypertension and abnormal glucose profile. In this model only age, 
BMI, number of years of professional driving and waist circumference 
had significant associations with hypertension, while none of these 
except BMI had a significant association with abnormal glucose 
levels (Table 4).

Fig. 3. Contributions of the GPAQ2 domains to total physical activity of the 
subjects.

Fig. 4. Prevalence of single risk factors among the subjects.

Fig. 5. Prevalence of multiple risk factors among the subjects.

Fig. 6. Prevalence of different combinations of risk factors in the subjects. HTN: 
hypertension; WC: waist circumference; TC: total cholesterol; HDL: high-density 
lipoprotein cholesterol.
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Multivariate analysis was done using a forward stepwise binary 
logistic regression in order to assess for independent predictors 
of hypertension and abnormal blood glucose levels. We included 
predictor variables with associations at a significance level of p ≤ 
0.2 on univariate analysis in order to accommodate for important 
risk factors. The final logistic regression model (Table 5) showed that 
as age and BMI increased, the chances of becoming hypertensive 
increased 1.09 and 2.99 times (OR 1.09; 95% CI: 1.06–1.1, p < 
0.0001; OR 2.99; 95% CI: 1.69–5.31, p < 0.0001), respectively.

For abnormal glucose level with increasing BMI, the chances of 
having abnormal glucose level increased 2.5 times (OR 2.39; 5% 
CI: 1.33–4.30; p = 0.004). Other variables such as physical activity, 
number of driving hours, waist circumference and professional 
driving years were not independently associated with our outcome 
parameters and were excluded from the final regression model.

Discussion
The major finding of this study was that male long-distance bus 
drivers had a higher prevalence of clustering of cardiometabolic risk 
factors than the general population, and in addition, most them 
were unaware of their risk status.12,14 This clustering places them at 
a higher risk for CVD and contributes significantly to the already 
burgeoning CVD burden in the general population. Importantly, a 
CVD event in a driver while driving portends grave danger to him, 
the passengers and other road users.

The prevalence of hypertension in this study was 39.7%, with 
75.9% being newly diagnosed. This is higher than the recent pooled 
national prevalence rate of 28.9% but lower than the 44.9% 
prevalence from a national study on blindness and hypertension.32,33 
Previous local studies reported prevalence rates ranging from 21.4 
to 33.5%.19-21 Studies from Brazil and Iran reported prevalence rates 
of 45.6 and 44.6%, respectively, much higher than their national 
prevalence rates.12,13

Professional drivers, by nature of their occupation, are largely 
sedentary and indulge in dietary indiscretions, which could lead to 
obesity. From this study, obesity was a predictor of hypertension. 
Furthermore, BMI and longer duration of years of professional 
driving significantly correlated with the risk of hypertension, 
similar to findings by Sangaletti et al.12 This association is plausible, 
as drivers who drive for long hours over many years tend to gain 
weight inappropriately due to physical inactivity and dietary 
indiscretion.

In addition to high prevalence of hypertension, optimal blood 
pressure control was equally low among the subjects. Among the 
9.6% previously known hypertensives, only 21.4% had optimal 
BP control. BP control is generally very low in Nigeria, ranging 
between five and 29.4%.34,35 Ignorance, long travel times, poor 
access to standard medical care, the asymptomatic nature of 
hypertension and the relative lack of self-care among males have 
been suggested as possible causes of poor BP control among 
long-distance drivers.12

The prevalence of abnormal glucose profiles in this study was 
45.2%, comprising 31.3 and 13.9% for impaired fasting gliucose 
levels and diabetes mellitus (DM), respectively. Most of the 
diabetics were diagnosed for the first time during this study. There 
are no local studies for comparison but the reported prevalence of 
DM from this study is much higher than the 4.5% reported by the 
International Diabetes Federation (IDF) and the eight to 10% from 
a study on the general population.36,37 In Iran, the prevalence of 
DM among drivers was 17.5%, comparable to the value obtained 
from this study, but higher than the 8.5% prevalence reported by 
the IDF in 2014.13 Obesity is a risk factor for type 2 DM. From our 
study, BMI was a predictor of abnormal glucose profiles, similar to 
the findings by Sangaletti et al.12

The prevalence of dyslipidaemia in this study was 56.3%, 
comparable to the national average of 60.1%.38 The predominant 
dyslipidaemia was elevated TC levels in 27.8% of the subjects, 
followed by elevated LDL-C levels in 24.6%, elevated triglycerides 
in 24.6% and low HDL-C levels in 6.5%. There are no local 
studies of lipid abnormalities in professional drivers. The pattern 
obtained is at variance however with patterns reported in local 
studies in apparently healthy Nigerians, in which the predominant 
dyslipidaemia was low HDL-C levels.38 In Iran, professional drivers 
have been shown to have predominantly hypertriglyceridaemia and 
central obesity, attributable to stressful working conditions.13

Table 4. Association between independent variables and hypertension 
and abnormal glucose levels

	 Hypertension 	 Abnormal glucose levels

Parameter 	 % (95% CI) 	 p-value 	 % (95% CI) 	 p-value
Driving hours/week 	 	 0.250 	 	 0.076
	 ≥ 36 	 42.9 (35.0–50.9) 	 	 35.6 (27.9–43.2)
	 < 36 	 36.3 (28.5–44.2) 	 	 25.9 (18.6–33.2)
Years of professional  
   driving	 	 < 0.001 	 	 0.320
	 ≥ 20 	 56.2 (43.1–64.4) 	 	 33.1 (25.4–40.8)
	 < 20 	 23.1 (16.2–30.0) 	 	 27.7 (20.3–35.0)
Physical activity 	 	 0.279 	 	 0.205
	 < 600 METs/week 	 42.6 (34.6–50.5) 	 	 27.6 (20.3-34.9)
	 ≥ 600 METs/week 	 36.3 (28.5–44.2) 	 	 34.5 (26.7-42.3)
BMI 	 	 < 0.001 	 	 0.002
	 Overweight/obese 	 48.4 (41.1–55.6) 	 	 37.8 (30.7–44.9)
	 Normal 	 25.9 (17.7–34.2) 	 	 19.8 (12.2–27.4
Alcohol use 	 	 0.840 	 	 0.807
	 Yes 	 40.1 (33.4–46.8) 	 	 31.2 (24.9–37.6)
	 No 	 38.8 (28.5–49.2) 	 	 29.8 (20.0–39.5)
Smoking 	 	 0.477 	 	 0.808
	 Yes 	 43.9 (31.0–56.7) 	 	 32.1 (19.9-44.4)
	 No 	 38.7 (28.5-49.2) 	 	 30.5 (24.6-36.4)
WC (cm) 	 	 < 0.001 	 	 0.076
	 > 102 	 61.4 (50.0–72.8) 	 	 39.7 (28.1–51.3)
	 ≤ 102 	 33.0 (26.8–39.2) 	 	 28.3 (22.3–34.3)
Age 	 	 < 0.001 	 	 0.499
	 ≥ 45 	 54.5 (46.4–62.6) 	 	 32.6 (25.0–40.3)
	 < 45 	 25.2 (18.2–32.2) 	 	 29.0 (21.6–36.3)

BMI: body mass index; WC: waist circumference; METs: metabolic 
equivalents.

Table 5. Logistic regression on predictors of hypertension and abnormal 
glucose levels

	 Hypertensiona 	 Abnormal glucose levelsb

Variables 	 OR (95% CI) 	 p-value 	 OR (95% CI) 	 p-value
Age 	 1.090 (1.058–1.23) 	 < 0.0001 	 ns 	 ns
Overweight/ 	 2.99 (1.69–5.32) 	 < 0.0001 	 2.39 (1.33–4.3) 	 0.04 
   obesity 	

aVariables excluded from the final model were: physical activity, number of 
driving hours, waist circumference and professional driving years.
bVariables excluded from the final model were: age, physical activity, number 
of driving hours, waist circumference and professional driving years.
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The combined prevalence of overweight and obesity, measured
by BMI in this study, was 62.8%, comparable to the 63.4 and 64.4% 
reported by similar local studies,19-21 but higher than the reported 
prevalence of 31 to 48% in the general Nigerian population.39,40 

Similar international studies documented a prevalence of combined 
overweight and obesity to be between 62.1 and 78.2%.13,41,42 

Using waist circumference, the prevalence of obesity from this 
study was 24.1%. This was lower than the 58.2 and 63.3% from 
studies in Brazil and Iran, respectively.12,41 This difference might be 
methodological. In these countries the cut-off for abdominal obesity 
is 88 cm, less than the 102 cm used in our study.43,44 Prolonged work 
stress and long hours at work contribute to the development of 
obesity and abdominal obesity in professional drivers.13

The prevalence of physical inactivity in this study was 50.9%, 
comparable to the 53.4% from a local study,20 but lower than 
the 72.8% reported by similar international studies.12,45 Both studies 
were among truck drivers who probably do not have to stop on the 
way for passengers to alight for refreshments. Physical inactivity 
and dietary habits of professional drivers are known to predispose 
to obesity. Obesity increases the risk of hypertension and abnormal 
glucose profiles, as shown in this study. It is also known to increase 
the risk of road traffic accidents among professional drivers due to 
its association with obstructive sleep apnoea and excessive daytime 
sleepiness, consequent fatigue and reduction in alertness while 
driving.46

The prevalence of smoking in this study was 19.5%. Reported 
prevalence in similar local studies is between 17.8 and 31.3%, all 
higher than the 15% in the general population.20,21,47,48 The lower 
prevalence from this study might be due to dilution effect from the 
‘no smoking within the bus terminal’ policy of one of the transport 
companies used in this study. Secondly, the subjects may not 
have been truthful in their responses to the question on smoking 
status. Comparable rates of 20 and 15.6% were reported in similar 
international studies.12,45

Alcohol consumption was very common in this study group, with 
a prevalence rate of 71.1%. Reported local prevalence in this group 
ranged from 34 to 84.4%.20,48,49 These figures are much higher than 
the 7.6 and 9.1% reported in the general male population.50,51 

A recent local study from Muslim-dominated north-west Nigeria 
documented a prevalence of 5.5% among inter-city bus drivers.21 

This very low figure might be related to a religious obligation that 
forbids Muslims from consuming alcohol.

It is pertinent to note that in this study, CVD risk factors 
co-occurred, as has been documented in the past.52 This clustering 
of risk factors increases the overall CVD risk of the individual and 
also makes control difficult due to problems of pill burden.53,54 In this 
study 45.1% of the subjects had more than two risk factors clustered 
together. Clustering of CVD risk factors has been documented in 
the general population, with prevalence rates between 12.9 and 
27.5%, depending on the study population. The commonest risk-
factor combinations are hypertension, obesity, abnormal glucose 
profile and atherogenic dyslipidaemia.55-57 Our findings are similar 
to the above pattern, although the combination of hypertension 
and abnormal glucose level was most prevalent. These findings 
are similar to the pattern reported in similar studies.12,13 There were 
some limitations in this study. The use of glycosylated haemoglobin 
would have been helpful in assessing the quality of glycaemic 
control among the diabetic subjects. Bus drivers with poor control 
of both BP and glucose levels were not assessed for medication 
adherence.

Conclusion
Long-distance professional drivers in Nigeria are at a higher risk for 
CVD than the general male population on account of the higher 
prevalence of a plethora of risk factors they harbour: hypertension, 
abnormal glucose profiles, overweight/obesity, alcohol use, 
smoking and atherogenic dyslipidaemia. These risk factors not only 
co-occur in a large number of drivers, but most are unaware of 
their risk. Overweight/obesity is the common driver of hypertension 
and abnormal glucose profiles among them, while age ≥ 45 years 
increases the risk of developing hypertension. Contributing to their 
risk is the social gradient of inequality, which affects their access to 
healthcare and adherence to medical intervention.

There is therefore a need to increase CVD risk awareness in this 
vulnerable yet important segment of our population through public 
awareness campaigns, banning of smoking and selling of alcoholic 
beverages in motor parks, compulsory annual health screening, 
defined maximum driving hours per week, provision of facilities to 
promote physical activity in the motor parks and medical facilities 
to diagnose, treat and monitor risk-factor control. Universal health 
insurance coverage as a national health policy would also help in 
providing healthcare/health promotional services to this group, who 
at the moment are not covered by the health insurance scheme.
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Abstract
Introduction: Statins can reduce cardiovascular events and 
improve endothelial function. However, differences in the 
effect of statins on endothelial dysfunction have not been 
researched sufficiently. Here, we aimed to compare the effects 
of atorvastatin versus rosuvastatin on endothelial function 
via flow-mediated and endothelial-independent dilation.
Methods: Hyperlipidaemic subjects on treatment with statins 
for one year (either 20 mg/day atorvastatin or 10 mg/day 
rosuvastatin) were enrolled in the study. In accordance with 
the literature, flow-mediated dilation (FMD) and nitrate-
mediated endothelium-independent dilation (EID) were 
measured by ultrasonography on the right brachial artery 
of each subject. Baseline and final measurements were 
compared in each group and between the groups.
Results: One hundred and four subjects (50 atorvastatin and 
54 rosuvastatin users) were enrolled in the study. Fifty-eight 
subjects were female. The groups were statistically similar 
in terms of age and body mass index, and haemoglobin, 
creatinine, total cholesterol, triglyceride, high-density 
lipoprotein and low-density lipoprotein cholesterol levels. In 
each group, the mean final FMD and EID values were higher 
compared to their respective baseline values, but the mean 
changes in FMD and EID were statistically similar in both 
groups (p = 0.958 for FMD and 0.827 for EID). There was no 
statistically significant difference between the atorvastatin 
and rosuvastatin groups in terms of final FMD and EID values 
(p = 0.122 and 0.115, respectively).
Conclusion: This study demonstrated that both one-year 
atorvastatin and rosuvastatin treatments significantly 
improved endothelial function, when assessed with FMD and 
EID and measured by ultrasonography. However, the amount 

of improvement in endothelial dysfunction was similar in the 
two treatments.
 
Keywords: atorvastatin, endothelial function, flow-mediated 
vasodilatation, rosuvastatin

Hyperlipidaemia is an important risk factor for the development 
of atherosclerosis. Statins may reduce the risk of cardiovascular 
events and improve endothelial function.1,2 The positive effect of 
statins on endothelial dysfunction is carried out via endothelial 
nitric oxide enzyme activation.3 Pleiotropic effects of statins include 
improvement in endothelial function, anti-thrombosis, plaque 
stabilisation and anti-oxidative effects, and decreasing the duration 
of vascular inflammation.4 However, differences in the effect 
of statins on endothelial dysfunction has not been researched 
sufficiently. Earlier studies demonstrated that improved endothelial 
dysfunction in different vascular beds started after a few days of 
treatment with statins.5-8

Endothelial dysfunction is the early sign of atherosclerosis and 
enhances the risk of cardiovascular events.9 Flow-mediated dilation 
(FMD) is a well-known method used for predicting the extent of 
atherosclerosis. FMD is measured on the brachial arteries and reflects 
the ability of an artery to enlarge after being compressed for a certain 
time. Nitric oxide (NO) is the most important vascular vasodilator and 
is produced by the endothelium in response to certain factors such 
as shear stress. Its production is impaired in the case of endothelial 
dysfunction. Increased production of NO after increased vascular 
blood flow is the underlying mechanism of FMD.10

Studies on primary and secondary prevention of cardiovascular 
disease and its complications by statins revealed that their effect 
occurs not only due to their lipid-lowering effect but also due to 
pleiotropic effects, the mechanism of which remains unclear. In this 
study we aimed to compare the effect of one-year rosuvastatin versus 
atorvastatin therapy on endothelial function in hyperlipidaemic 
patients, using FMD and endotheliumindependent dilation (EID), 
measured ultrasonographically on the brachial artery.

Methods
A total of 112 patients diagnosed with hyperlipidaemia and 
without a history of previous lipid-lowering medication for at 
least the previous two months, and with an indication for medical 
treatment despite a first-line, four-week, lipid-lowering diet, 
applied to the cardiology out-patient unit and were enrolled in the 
study between May 2010 and August 2011. Approval of the local 
ethics committee and informed consents of the participants were 
obtained accordingly.

mailto:dr.vdemir@hotmail.com


SA JOURNAL OF DIABETES & VASCULAR DISEASE	 RESEARCH ARTICLE

VOLUME 15 NUMBER 2 • NOVEMBER 2018	 53

A subject was considered treatment adherent when he/she 
took her/his prescribed statin regularly on a daily basis. A subject 
was considered complient if his/her baseline and post-treatment 
measurements were obtained as per the study protocol. Eight 
cases (four with compliance problems with follow up, one with 
lung cancer and three with non-adherence to medication) were 
excluded from the study.

The study was completed with 104 hyperlipidaemic patients, of 
whom 50 were assigned to atorvastatin 20 mg per day and 54 
to rosuvastatin 10 mg per day. Patients under the age of 18 and 
over the age of 80 years, those with heart failure, uncontrolled 
hypertension, endocrine diseases, previous coronary artery disease, 
frequent and permanent cardiac dysrhythmia, malignancy, chronic 
obstructive pulmonary disease, and chronic liver, kidney, neurological 
or psychiatric diseases, which were likely to produce a compliance 
problem, were not included in the study.

Baseline demographic characteristics of the patients were 
recorded. Body mass index (BMI) was calculated as body weight 
(kg)/height2 (m). Levels of fasting blood glucose, serum total 
cholesterol, high-density lipoprotein (HDL) cholesterol, low-density 
lipoprotein (LDL) cholesterol, triglycerides (TG), urea, creatinine, 
aspartate transaminase (AST), alanine transaminase (ALT), creatinine 
phosphokinase (CPK) and complete blood counts were measured in 
all patients after a 12-hour fasting period. In addition, the patients 
underwent transthoracic echocardiography.

Lipid levels indicated eligible patients, who were randomly 
assigned to receive either rosuvastatin 10 mg/day or atorvastatin 
20 mg/day. The patients were followed for one year. Baseline 
measurements were repeated at the end of the 12-month treatment 
period. Change in LDL level (ΔLDL) was defined as the difference 
between baseline and post-treatment LDL values.

Endothelial function was measured ultrasonographically over 
the brachial artery using echocardiography (Ge-Vivid 7 Pro, General 
Electric, Florida, USA) with a 12-L probe.
All measurements were performed according to the method 
described elsewhere in the literature.11 Brachial artery basal Doppler 
velocity (DV), basal diameter (BD), brachial artery hyperaemia velocity 
(HV), and post-flow brachial artery lumen diameter (hyperaemia 
diameter = HD flow-mediated dilation response = FMDR) were 
recorded. FMD was calculated from the following equation:

% FMD = FMDR – BD
                         BD     

× 100

Baseline endothelium-independent dilation (EID) was measured 
10 minutes after deflation of the cuff to obtain baseline conditions 
and was labelled as pre-nitrate BD. Thereafter, the patients received 
400 μg of nitroglycerin sublingually; three to five minutes later, 
post-nitrate Doppler, post-nitrate velocity (NTGV) and post-nitrate 
arterial diameter (NTGD) were measured. Lumen diameter was 
measured three times and the arithmetic mean was calculated. 
Post-nitrate arterial diameter was named nitrate-mediated dilation 
response (NMDR). EID was calculated using the following equation: 

% EBG = NMDR – pre-nitrate BD
                       Pre-nitrate BD       

× 100

ΔFMD and ΔEID were defined as the difference between baseline 
and post-treatment FMD and EID values, respectively.

Statistical analyses
The SPSS (SPSS, Inc, Chicago, IL, USA) program was used to 
analyse the data. Mean and standard deviations (SD) were used 

for descriptive data. Student’s t-test was used to compare normally 
distributed quantitative variables, whereas the Mann–Whitney 
U-test was used to compare independent non-normally distributed 
quantitative variables. Moreover, statistical comparison between 
continuous dependent variables was done by paired-samples t-test 
for normally distributed variables, whereas the Wilcoxon test was 
used for non-normally distributed variables. Relationships between 
the parameters were assessed with Pearson’s correlation analysis 
for parametric variables and by Spearman’s correlation analysis for 
non-parametric variables. The results were evaluated with a 95% 
confidence interval and at the significance level of p < 0.05.

Results
A total of 104 hyperlipidaemic cases were included in the study. The 
patients were randomly assigned to either atorvastatin (group 1, n = 
50, 48.1%) or rosuvastatin (group 2, n = 54, 51.9%) therapy. Of the 
overall patients, 46 were male (53.7 ± 9.7 years) and 58 were female 
(54.3 ± 10.1 years). There was no statistically significant difference 
between the two groups in terms of baseline anthropometric 
characteristics of the subjects, haemoglobin, haematocrit, white 
blood cell count, thrombocyte count, and urea, creatinine, AST, ALT, 
CPK, total cholesterol, TG, HDL and LDL levels.

Mean ΔLDL at the end of 12 months was 71.0 ± 29.7 mg/dl 
(1.84 ± 0.77 mmol/l) and percentage ΔLDL was 42.2 ± 17.6% (n 
= 104) in the study population. ΔLDL was significantly correlated 
with ΔFMD (r = 0.367, p < 0.005) and ΔEID (r = 0.523, p < 0.001). 
Percentage ΔLDL was statistically correlated with ΔFMD (r = 0.412, 
p < 0.005) and ΔEID (r = 523, p < 0.001). In the atorvastatin group, 
a statistically significant reduction was shown in total cholesterol, 
LDL and TG levels compared to baseline values. LDL level showed 
a 52.5% decrease after 12 months compared to baseline value, 
whereas no decrease was observed in HDL level. FMD showed a 
statistically significant increase (Table 1).

In the rosuvastatin group, a statistically significant decrease 
was found in total cholesterol, LDL and TG levels compared to 

Table 1. Post-treatment versus baseline values in the atorvastatin group

		  Baseline	 12-month
Atorvastatin	 mean ± (SD)	 mean ± (SD) 	 p-value*
Basal diameter (mm) 	 4.0 ± 0.6 	 4.1 ± 0.6 	 0.045
Hyperaemia diameter (mm) 	 4.2 ± 0.6 	 4.3 ± 0.6 	 0.436
NTG diameter (mm) 	 4.5 ± 0.6 	 4.7 ± 0.6 	 0.002
FMD (%) 	 8.5 ± 3.3 	 10.4 ± 4.1 	 < 0.001
EID (%) 	 15.5 ± 5.1 	 16.3 ± 4.8 	 0.143
TC (mg/dl) 	 261.3 ± 28.3 	 174.3 ± 38.9	 < 0.001
(mmol/l)	 (6.77 ± 0.73)	 (4.51 ± 1.01)
TG (mg/dl)	 161.8 ± 66	 131.9 ± 50	 < 0.001
(mmol/l) 	 (1.83 ± 0.75) 	 (1.49 ± 0.57)
LDL-C (mg/dl)	 176.8 ± 23.5	 92.9 ± 28.1	 < 0.001
(mmol/l)	 (4.58 ± 0.61)	 (2.41 ± 0.73)
HDL-C (mg/dl)	 54.7 ± 12.1	 54.4 ± 12.4	 0.145
(mmol/l)	 (1.42 ± 0.31)	 (1.41 ± 0.32)
AST (U/l) 	 23.8 ± 9.1 	 21.9 ± 5.6 	 0.068
ALT (U/l) 	 23.6 ± 12.8 	 24.1 ± 13.1 	 0.746
CPK (U/l) 	 136.8 ± 74 	 113.4 ± 67 	 0.427

*Student’s t-test, p < 0.05.
SD: standard deviation; NTG: post-nitrate; FMD: flow-mediated dilation; EID:
endothelium-independent dilation; AST: aspartate transaminase; ALT: alanine
transaminase; CPK: creatinine phosphokinase; TG: triglycerides; TC: total
cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol.
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baseline values. LDL level showed a 58.5% decrease at the end of 
the 12 months compared to baseline value, whereas no change 
was observed in HDL levels. While a statistically significant increase 
was observed in the brachial artery basal diameter and hyperaemia 
diameter compared to baseline values, no change was observed in 
the post-nitrate diameter and EID values. FMD showed a statistically 
significant increase compared to baseline (Table 2).

No statistically significant difference was found between 
the atorvastatin and rosuvastatin groups in respect of baseline 
transthoracic echocardiographic and brachial artery endothelial 
function measurements (Table 3). Comparison between the two 
groups in terms of their effects on non-invasive ultrasonographic 
brachial artery measurements after one year revealed no statistically 
significant difference. However, a significant difference was observed 
in hyperaemia diameter in favour of rosuvastatin (Table 4).

Percentage changes in non-invasive brachial artery measurements 
after 12 months of treatment were compared between the two 
groups. A statistically significant difference was found in percentage 
change in the rosuvastatin group’s brachial artery post-nitrate 
diameter (p < 0.05). Non-significant changes were found in the 

basal diameter and hyperaemia velocity in favour of the rosuvastatin 
group (p = 0.089 and p = 0.088, respectively) (Table 5).

Discussion
This study revealed that both atorvastatin and rosuvastatin had an 
effect on baseline lipid values, brachial artery basal diameter and 
hyperaemia diameter, and FMD and EID measurements. Comparing 
12-month non-invasive measurements of atorvastatin and 
rosuvastatin groups, it was found that the statins had similar effects 
on endothelial function in the subjects with hyperlipidaemia.

Post-nitrate diameter in the rosuvastatin group was significantly 
improved at the end of the 12-month treatment compared to 
baseline values. Endothelial dysfunction is one of the early functional 
markers of atherosclerosis.11,12 Preventative measurements should 
be taken before clinical manifestation of atherosclerotic events. For 
this reason, detection of early atherosclerotic changes is of great 
importance in reducing risk factors. Endothelial dysfunction can be 
detected via FMD, a non-invasive, easily applicable and repeatable 
method. Studies have demonstrated that FMD was correlated 

Table 2. Post-treatment versus baseline values in the rosuvastatin group

Rosuvastatin 	 Baseline 	 12 months 	 p-value*
Basal diameter (mm) 	 4.0 ± 0.5 	 4.2 ± 0.5 	 0.003
Hyperaemia diameter (mm) 	 4.4 ± 0.5 	 4.6 ± 0.5 	 < 0.001
NTG diameter (mm) 	 4.6 ± 0.5 	 4.7 ± 0.5 	 0.687
FMD (%) 	 9.7 ± 3.4 	 12.7 ± 3.7 	 < 0.001
EID (%) 	 16.8 ± 5.8 	 18.2 ± 5.8 	 0.105
TC (mg/dl)	 271.2 ± 35.7	 188.4 ± 44.8	 < 0.001
(mmol/l) 	 (7.02 ± 0.92) 	 (4.88 ± 1.16)
TG (mg/dl)	 173.5 ± 55.2	 143 ± 54.1	 < 0.001
(mmol/l)	 (1.96 ± 0.62)	 (1.62 ± 0.61)
LDL-C (mg/dl)	 180.5 ± 26.1	 105 ± 39.2	 < 0.001
(mmol/l)	 (4.67 ± 0.68)	 (2.72 ± 1.02)
HDL-C (mg/dl)	 56.8 ± 13.6	 54 ± 11.5	 0.093
(mmol/l)	 (1.47 ± 0.35)	 (1.40 ± 0.30)
AST (U/l) 	 22.8 ± 6.7 	 23.3 ± 6.5 	 0.819
ALT (U/l) 	 22.8 ± 9.7 	 23.6 ± 9.3 	 0.759
CPK (U/l) 	 94 ± 31.3 	 116 ± 73.8 	 0.007

*Student’s t-test, p < 0.05.
SD: standard deviation; NTG: post-nitrate; FMD: flow-mediated dilation; EID:
endothelium-independent dilation; AST: aspartate transaminase; ALT: alanine
transaminase; CPK: creatinine phosphokinase; TG: triglycerides; TC: total
cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol.

Table 4. Rosuvastatin versus atorvastatin in terms of non-invasive test 
results after 12 months of statin therapy

Brachial artery	 Atorvastatin	 Rosuvastatin
measurements after therapy	 group (n = 50)	 group (n = 54)	 p-value*
BA basal diameter (mm) 	 4.01 ± 0.6 	 4.02 ± 0.5 	 0.850
BA basal velocity (cm/s ) 	 71.95 ± 14.8 	 79.32 ± 16.9 	 0.240
BA hyperaemia diameter (mm)	 4.34 ± 0.6 	 4.43 ± 0.5 	 0.404
BA hyperaemia velocity (cm/s)	 72.21 ± 15.9 	 73.4 ± 16.3 	 0.713
BA NTG diameter (mm) 	 4.6 ± 0.6 	 4.69 ± 0.5 	 0.451
BA NTG velocity (cm/s) 	 68.92 ± 15.4 	 68.23 ± 15.5 	 0.833
BA FMD (%) 	 8.52 ± 3.3 	 9.71 ± 3.4 	 0.750
BA EID (%) 	 15.31 ± 5.1 	 16.84 ± 5.8 	 0.159

*Student’s t-test, p < 0.05.
SD: standard deviation; BA: brachial artery; NTG: post-nitrate; FMD: 
flowmediated dilation; EID: endothelium-independent dilation.

Table 5. Changes in brachial artery measurements after 12 months of 
treatment in the atorvastatin versus rosuvastatin group

Change in 		   
brachial artery	 Atorvastatin group	 Rosuvastatin group	
measurements 	 (n = 50)	 (n = 54) 
after therapy	 Median (25–75%)	 Median (25–75%)	 p-value*	

BA basal 	 0.011 (–0.041–0.031) 	 0.010 (–0.007–0.045) 	 0.089 
	 diameter (mm) 	
BA basal  	 0.001 (–0.119–0.157) 	 –0.043 (–0.206–0.378) 	 0.120 
	 velocity (cm/s)
BA hyperaemia 	 0.018 (–0.034–0.060) 	 0.021 (0.011–0.048) 	 0.644  
	 diameter (mm)
BA hyperaemia 	 0.056 (–0.087–0.0347) 	–0.012 (–0.168–0.116) 	 0.088  
	 velocity (cm/s) 	
BA NTG 	 0.028 (0.008–0.045) 	 0.020 (–0.028–0.036) 	 0.045 
	 diameter (mm) 	
BA NTG 	 –0.004 (–0.167–0.113) 	–0.020 (0.0113–0.088) 	 0.982 
	 velocity (cm/s)
BA FMD (%) 	 0.203 (0.008–0.441) 	 0.193 (0.049–0.0433) 	 0.958
BA EID (%) 	 0.110 (–0.115–0.225) 	 0.037 (–0.460–0.347) 	 0.827

*Mann–Whitney U-test, p < 0.05.
BA: brachial artery; NTG: post-nitrate; FMD: flow-mediated dilation; EID: 
endothelium-independent dilation.

Table 3. Statistical comparison between atorvastatin and rosuvastatin 
groups in terms of baseline brachial artery measurements

Baseline brachial artery	 Atorvastatin	 Rosuvastatin
measurements	 group	 group	 p-value*
BA basal diameter (mm) 	 4.01 ± 0.6 	 4.02 ± 0.5 	 0.850
BA basal velocity (cm/s ) 	 71.95 ± 14.8 	 79.32 ± 16.9 	 0.240
BA hyperaemia diameter (mm) 	 4.34 ± 0.6 	 4.43 ± 0.5 	 0.404
BA hyperaemia velocity (cm/s) 	 72.21 ± 15.9 	 73.4 ± 16.3 	 0.713
BA NTG diameter (mm) 	 4.6 ± 0.6 	 4.69 ± 0.5 	 0.451
BA NTG velocity (cm/s) 	 68.92 ± 15.4 	 68.23 ± 15.5 	 0.833
BA FMD (%) 	 8.52 ± 3.3 	 9.71 ± 3.4 	 0.750
BA EID (%) 	 15.31 ± 5.1 	 16.84 ± 5.8 	 0.159

*Student’s t-test, p < 0.05.
SD: standard deviation; BA: brachial artery; NTG: post-nitrate; FMD: 
flowmediated dilation; EID: endothelium-independent dilation.
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with endothelial function, making it a good marker of endothelial 
function.13,14

In the MERCURY I trial, eight-week atorvastatin 20 mg/day 
and rosuvastinin 10 mg/day therapies were compared in terms of 
achieving target LDL-C values of NCEP ATPIII; 80% of the patients 
in the rosuvastatin group and 74% of those in the atorvastatin 
group achieved target LDL-C values.15 In the SOLAR trial, either 
atorvastatin 10 mg/day, rosuvastatin 10 mg/day or simvastatin  
20 mg/day was administered as the initial dose for six weeks in 
1 634 high-risk patients. The dose was doubled in patients who 
failed to achieve target value at the end of six weeks. At the end of 
12 weeks, target values were achieved with rosuvastatin in 76% of 
patients, with atorvastatin in 58%, and with simvastatin in 53%.16 
It is known that atorvastatin 20 mg is pharmacokinetically the 
same as rosuvastatin 10 mg.17 In the present study, LDL cholesterol 
level decreased with both statins at the end of the 12th month 
versus baseline, but no statistically significant difference was 
found between the groups.

The effect of different doses of atorvastatin and rosuvastatin 
on HDL levels varies according to clinical setting and patient 
characteristics. The size of the increase is generally more signifcant 
with lower baseline values. Additionally, the effect is moderate 
compared to niacin or fibrates. The elevation of HDL level ranges 
from five to 13%.18 In our study, the amount of elevation was not 
significant, which could have been due to low-dose statin usage or 
the relatively higher baseline HDL levels of the subjects.

Cardiovascular risk factors such as hyperlipidaemia contribute 
to endothelial dysfunction, which is the first step in atherogenesis. 
Although the concurrent presence of hyperlipidaemia and 
endothelial dysfunction is frequently encountered, the mechanism 
is unclear. However, oxidised LDL cholesterol is thought to 
cause endothelial injury. Many studies have demonstrated that 
endothelium-dependent (flow-mediated) dilation is enhanced 
with increased duration of the endothelium’s exposure to oxidised 
LDL.19-21

Kawano et al. demonstrated impaired flow-mediated dilation 
in an experimental model of acute hyperglycaemia in healthy 
adults on a fatty diet.22 Harrison et al. reported improvement in 
endothelial function due to decreased cholesterol in the diet.23 In 
studies on statins, the time for endothelial function to improve 
ranged from hours to months. In earlier studies, improvement in 
endothelial function with increased NO levels due to statin therapy 
was observed at the end of a six-month treatment period.24,25 On 
the other hand, Marchesi et al. observed remarkable improvement
in endothelial function after a two-week atorvastatin therapy in 
postmenopausal women with hyperlipidaemia.26

In the present study, a 22.3 and 30.9% (p = 0.122) increase in 
FMD was observed in both atorvastatin and rosuvastatin groups, 
respectively, after 12 months of statin therapy. Improvement in FMD 
showed no correlation with post-treatment LDL levels. We found 
however that percentage ΔLDL was well correlated with ΔFMD 
and ΔEID, which may suggest that statins have a pleiotropic effect 
independent of their cholesterol-lowering effects. Similarly, ΔLDL 
was also found to be well correlated with ΔFMD and ΔEID values. 
In other words, endothelial function was statistically significantly 
improved at the end of 12-month statin therapy, in parallel with 
ΔLDL, among patients with hyperlipidaemia.

Although endothelium-independent dilation increased in both 
groups, the increase was not statistically significantly different. 
Increased brachial artery basal diameter after 12 months of 

treatment, which was more pronounced in the rosuvastatin group,
reached a value close to the diameter obtained for baseline FMD, 
due probably to increased NO levels. More prominent increases in 
FMD and basal diameter in the rosuvastatin group suggest that the 
NO-secreting effect from the endothelium induced by rosuvastatin 
was more significant than that by atorvastatin.

There are some limitations of the present study, such as limited 
patient numbers, as well as not measuring blood NO and asymmetric 
di-methyl arginine levels due to technical issues. In addition, the 
technique for measuring FMD depends on the experience of the 
person carrying it out.

Conclusion
In this study, both atorvastatin 20 mg/day and rosuvastatin 10 
mg/day therapies given to hyperlipidaemic patients for one year 
provided significant benefits on endothelial function. The data 
from non-invasive evaluations found that although the favourable 
effects of rosuvastatin on the endothelium may have been relatively 
more prominent compared to those of atorvastatin, there was no 
statistically significant difference.
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Review assesses low-fat/high-carb and high-fat/low-carb diets

A strong US research review agreed that 
no specific fat-to-carbohydrate ratio 

is best and that an overall high-quality 
diet that is low in sugar and refined grains 
will help most people maintain a healthy 
weight and low chronic disease risk.

‘This is a model for how we can 
transcend the diet wars,’ said lead author 
David Ludwig, professor in the Department 
of Nutrition at Harvard Chan School and 
a physician at Boston Children’s Hospital. 
‘Our goal was to assemble a team with 
different areas of expertise and contrasting 
views, and to identify areas of agreement 
without glossing over differences.’

The authors laid out the evidence for 
three contrasting positions on dietary 
guidelines for fat and carbohydrate 
consumption: high consumption of fat 

causes obesity, diabetes, heart disease, 
and possibly cancer, therefore low-fat 
diets are optimal; processed carbohydrates 
have negative effects on metabolism; 
lower-carbohydrate or ketogenic (very-
low-carbohydrate) diets with high fat 
content are better for health; and the 
relative quantity of dietary fat and 
carbohydrate has little health significance 
– what’s important is the type of fat or 
carbohydrate source consumed.

They agreed that by focusing on diet 
quality – replacing saturated or trans 
fats with unsaturated fats and replacing 
refined carbohydrates with whole grains 
and non-starchy vegetables – most people 
can maintain good health within a broad 
range of fat-to-carbohydrate ratios.

Within their areas of disagreement, 

the authors identified a list of questions 
that they said can form the basis of a new 
nutrition research agenda, including: do 
diets with various carbohydrate-to-fat 
ratios affect body composition (ratio of fat 
to lean tissue) regardless of caloric intake; 
do ketogenic diets provide metabolic 
benefits beyond those of moderate 
carbohydrate restriction, and especially 
for diabetes; and what are the optimal 
amounts of specific types of fat (including 
saturated fat) in a very-low-carbohydrate 
diet?

Finding the answers to these 
questions, the researchers said, will 
ultimately lead to more effective nutrition 
recommendations.

Source: Medical Brief 2018
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Abstract
Background: The prevalence of hypertension in patients 
with diabetes is approximately two-fold higher than in 
age-matched subjects without the disease and, conversely, 
individuals with hypertension are at increased risk of 
developing diabetes compared with normotensive persons. 
Up to 75% of cases of cardiovascular disease (CVD) in patients 
with diabetes are attributed to hypertension. Diabetics who 
have hypertension are more likely to develop complications 
and die, and appropriate blood pressure control in these 
individuals reduces the risk. This study sought to determine 
the prevalence and factors associated with hypertension 
among newly diagnosed adult diabetic patients in a national 
referral hospital in Uganda.
Methods: In this cross-sectional study, conducted between 
June 2014 and January 2015, we recruited 201 newly 
diagnosed adult diabetic patients. Information on patients’ 
socio-demographics was obtained using a pre-tested 
questionnaire, while biophysical profile, blood pressure 
measurement, biochemical testing and echocardiographic 
findings were obtained by the research team for all the 
participants. Bivariate and multivariate logistic regression 
analyses were used to investigate the association of several 
factors with hypertension.
Results: Of the 201 patients recruited, 102 were male (50.8%) 
and the mean age was 46 ± 15 years. The majority of patients 
(159) had type 2 diabetes mellitus (DM) (79.1%) with a mean 
HbA1c level of 13.9 ± 5.3%. The prevalence of hypertension 
was 61.9% (95% CI: 54.8–68.6%). Knowledge of hypertension 
status was at 56 (27.7%) patients, 24 (44.4%) hypertensives 
were on treatment, and 19 (33.9%) were using ACE 
inhibitors/angiotensin receptor blockers. The independent 
factors associated with hypertension were being employed 
(OR 0.37, 95% CI: 0.16–0.90, p = 0.029) and being overweight 
or obese (OR 11.6, 95% CI: 4.29–31.2, p < 0.0001).

Conclusion: The prevalence of hypertension was high in this 
population of newly diagnosed diabetics, few patients had 
knowledge of their hypertension status and few were on 
appropriate treatment. Both modifiable and non-modifiable 
risk factors were associated with hypertension in this 
group. Therefore routine assessment, treatment and control 
of hypertension among diabetics is necessary to prevent 
cardiovascular complications and death. There is also a need 
to address the modifiable risk factors.
 
Keywords: hypertension, newly diagnosed, diabetes, Uganda

The burden of non-communicable diseases (NCDs) is increasing 
rapidly in sub-Saharan Africa.1 It is anticipated that NCDs may 
account for 46% of deaths in sub-Saharan Africa by 2030, 
compared to 28% in 2008.1 Hypertension and diabetes mellitus 
(DM) are of particular concern; however, precise epidemiological 
data are rare.1-4 One of the commonest NCDs experienced during 
this early stage of the epidemiological transition is hypertension. 
It is predicted that more than 125 million adults in sub-Saharan 
Africa alone will have hypertension by 2025,5,6 and in Uganda, 
hypertension is the most reported NCD.7-10

Increasing urbanisation and associated lifestyle changes as well 
as improvements in life expectancy have contributed to a surge in 
NCDs, including hypertension.1,5 Likewise, the prevalence of DM is on 
a rise in sub-Saharan Africa and will more than double by 2025.11

The prevalence of hypertension in patients with diabetes is 
approximately two-fold higher than in age-matched subjects without 
the disease,12-14 and conversely, individuals with hypertension are at 
increased risk of developing diabetes compared with normotensive 
persons. Furthermore, up to 75% of cases of cardiovascular disease 
(CVD) in patients with diabetes can be attributed to hypertension.15 
CVD, especially stroke, accounts for up to 80% of all deaths in 
the diabetic population and three-quarters of these deaths occur in 
sub-Saharan Africa.16,17

The high burden of hypertension in diabetics has led to an 
increase in the risk and prevalence of cardiac abnormalities in 
diabetes.18 Also, life expectancy in sub-Saharan Africa has risen 
in the past 50 years. Many more people living with diabetes are 
therefore exposed to the risk of hypertension for long periods for 
the complications to develop and for them to experience the clinical 
syndromes of CVD.19

Diabetics who have hypertension are more likely to develop 
complications and die, and appropriate blood pressure control 
in these individuals reduces the risk. The lower the systolic blood 
pressure, the lower the risk of complications.12 There is an additional 
risk reduction with angiotensin converting enzyme inhibitors (ACE 
inhibitors) and β-blockers over and above that associated with 
lowering of blood pressure.12

mailto:muddu.martin@gmail.com
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In patients with type 2 DM, hypertension is associated with left 
ventricular hypertrophy (LVH),20,21 which is an independent predictor 
of cardiovascular events in hypertensive patients with diabetes.22 
Hypertension is also a major risk factor for myocardial infarction 
and stroke,12,23,24 and indeed hypertension is the leading risk factor 
for mortality worldwide.5,25-28 Additionally, hypertension is a major 
causal factor of end-stage kidney failure, blindness and non-
traumatic amputation in people with diabetes, where attributable 
risks are 50, 35 and 35%, respectively.16

Unfortunately the majority of people with hypertension in sub-
Saharan Africa do not know they have it, and most are not on 
treatment. This reflects the low level of knowledge of the dangers 
of untreated hypertension in this population.10

In sub-Saharan Africa there is still a lack of awareness about the 
growing problem of NCDs, which, unfortunately, is often coupled 
with the absence of a clear policy framework for prevention 
and management.7 Given the long-term decreased productivity 
associated with hypertension among diabetics, identifying and 
treating a large proportion of patients has the potential to generate 
tremendous social and economic benefits in this region.5,29-31

In this study we sought to determine the prevalence and factors 
associated with hypertension among newly diagnosed adult 
diabetic patients in a national referral hospital in Uganda. These 
findings are not only necessary, but also contribute to the diagnosis 
and management of DM and hypertension in sub-Saharan Africa.

Methods
This study was carried out in the diabetes out-patient clinic, the 
medical endocrine ward and the medical emergency ward of 
Mulago National Referral Hospital. It is the only national referral 
hospital for Uganda and is the teaching hospital for Makerere 
University, with a bed capacity of 1 500. Mulago Hospital receives 
referrals from all parts of the country including from neighbouring 
countries such as Southern Sudan, the Democratic Republic of 
Congo and Rwanda. The study population is representative of the 
Ugandan diabetic population.

This was a cross-sectional study among 201 newly diagnosed 
diabetic patients at Mulago Hospital in Uganda, conducted between 
June 2014 and January 2015. All newly diagnosed diabetic patients 
aged 18 years and above attending the diabetes clinic or admitted 
to the medical wards of Mulago Hospital during the study period, 
who met the inclusion criteria and provided informed consent, 
were recruited consecutively. We excluded patients with urinary 
tract infection in order to avoid confounding in microalbuminuria, 
and those who were unable to provide the necessary information. 
Fig. 1 illustrates the patient recruitment flow.

Institutional consent was sought from the Department of 
Medicine, Makerere University, Mulago National Referral Hospital 
and the School of Medicine research and ethics committee 
of Makerere University College of Health Sciences. All study 
participants provided written informed consent for involvement in 
the study. Enrolment was totally free and voluntary, and participants 
were free to withdraw at any time without any consequences. The 
patients’ records/information was anonymised and de-identified 
prior to analysis.

We took a focused history and performed a specific physical 
examination to determine biophysical measurements. Information 
gathered was entered into a pre-tested questionnaire. We assessed 
the following factors: patients’ demographic data, history of 

hypertension, age, physical exercise at work and leisure, marital 
status, date of diagnosis of DM, drug history, occupation, education 
level and last normal menstrual period.

Body mass was measured to the nearest kilogram using a Secco 
weighing scale, height was measured in metres using a non-
stretchable tape, and these were used to compute body mass index 
(BMI). Waist and hip circumferences were measured and waist-to-
hip ratios were determined for all patients.

Glycated haemoglobin (HbA1c) was measured by automated high-
performance liquid chromatography. Other investigations included 
urinalysis and microalbuminuria using albumin-tocreatinine ratio.

Echocardiography parameters were acquired using a commercially 
available machine, Phillips HD11XE (Eindhoven, the Netherlands), 
with two-dimensional, M-mode and Doppler capabilities. It was 
used according to the American Society of Echocardiography 
guidelines.32

Blood pressure was measured using a mercury sphygmomano-
meter, according to the American Heart Association guidelines 
for the auscultatory method of blood pressure assessment.33 The 
degree of precision of blood pressure measurement in this study was  
± 2 mmHg.33 Hypertension was defined as present if subjects were 
on anti-hypertensive medication, had a history of hypertension and/
or evidence of hypertension (blood pressure ≥ 140/90 mmHg).

Statistical analysis
Data were double entered in a database developed with Epidata 
version 3.1, validated, and inconsistences were cleared. The data 
were then exported to Stata 13 for analysis. Continuous data 
were summarised using measures of central tendency while 
categorical data were summarised as frequencies and percentages 
and presented in tables. Prevalence was presented as percentages 
with their confidence intervals. Comparisons were made using the 
Student’s t-test for continuous data and chi-squared or Fisher’s 
exact test for categorical data.

The outcome was dichotomised as patients having hypertension 
or not, then logistic regression was used to determine the association 
between the predictors and hypertension. This was presented as 

Fig. 1. Patient flow chart.
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odds ratio (OR) and their 95% confidence interval (CI). Only factors 
with a p-value < 0.2 at bivariate analysis were considered for 
multivariate analysis. Multivariate logistic regression was performed 
and interaction was assessed for with the Chunk test. Confounding 
was assessed for using a 10% difference between the crude and 
adjusted models. Significance was at p ≤ 0.05.

Results
This study recruited 201 newly diagnosed diabetic patients between 
June 2014 and January 2015. Of these, 102 (50.8%) were males. 
The mean age of the participants was 46 ± 15 years (Table 1). 
Patients with type 1 and type 2 DM had mean ages of 25.6 (18–42) 
and 51.9 (26–90) years, respectively. The majority of patients had 
type 2 DM (n = 159, 79.1%) and the rest had type 1 DM (n = 42, 
20.9%) (Table 2). The mean HbA1c was 13.9 ± 5.3%. Mean duration 
of diabetes was two months. The majority of patients (124, 62.0%) 
were unemployed.

Blood pressure assessment was performed on all 201participants 
and the results are shown in Table 3. Prevalence of hypertension was 
61.9% (95% CI: 54.8–68.6%). Systolic hypertension was present 
in 104 (51.5%) participants (95% CI: 45.3–59.2%) while diastolic 
hypertension was present in 92 (45.5%) (95% CI: 39.3–53.2%). 
Among those who were hypertensive, only 56 (27.7%) knew that 
they were hypertensive, and among these, only 24 (44.4%) were 
on treatment for hypertension. The use of either ACE inhibitors or 
angiotensin receptor blockers (ARBs) among those who knew their 
hypertension status was only 19 (33.9%) subjects.

For participants who knew their hypertension status, the 
majority 44 (77.2) had been hypertensive for less than five years. 
The number who had been hypertensive for durations between five 
and 10 years and more than 10 years were eight (4.3%) and five 
(8.8%), respectively.

In bivariate analysis, the factors associated with hypertension 
included: female gender, age above 40 years, participants who were 

Table 1. Social demographics of 201 newly diagnosed diabetic patients
at Mulago National Referral Hospital who participated in the study

		  Total	 Total	 Hypertensive	 Normotensive
Characteristics	 (n) 	 (%)	 n (%)	 n (%)
Age
	 < 40 years 	 58 	 28.9 	 21 (36.2) 	 37 (63.8)
	 > 40 years 	 143 	 71.1 	 105 (73.4) 	 38 (26.6)
Gender
	 Male 	 102 	 50.8 	 54 (52.9) 	 48 (47.1)
	 Female 	 99 	 49.3 	 72 (72.7) 	 27 (27.3)
Employment
	 Employed 	 76 	 38.0 	 41 (53.9) 	 35 (46.1)
	 Unemployed 	 124 	 62.0 	 85 (68.6) 	 39 (31.4)
Pregnancy
	 Yes 	 6 	 5.4 3 	 (50.0) 	 3 (50.0)
	 No 	 105 	 94.6 	 74 (70.5) 	 31 (29.5)
Education
	 None 	 17 	 8.5 	 10 (58.8) 	 7 (41.2)
	 Primary 	 78 	 38.8 	 50 (64.1) 	 28 (35.9)
	 Secondary 	 75 	 37.3 	 45 (60.0) 	 30 (40.0)
	 Tertiary 	 31 	 15.4 	 21 (67.7) 	 10 (32.3)
Marital status
	 Never married 	 29 	 14.4 	 7 (24.1) 	 22 (75.9)
	 Currently married 	 119 	 59.2 	 83 (69.8) 	 36 (30.3)
	 No longer married	 53 	 26.4	 36 (67.9) 	 17 (32.1)

Table 2. Characteristics of 201 newly diagnosed diabetic patients at
Mulago National Referral Hospital who participated in the study

		  Total	 Total	 Hypertensive	 Normotensive
Characteristics	 (n) 	 (%)	 n (%)	 n (%)
Physical activity at work
	 Sedentary 	 25 	 12.4 	 16 (69.6) 	 7 (30.4)
	 Mild 	 51 	 25.3 	 33 (64.7) 	 18 (35.3)
	 Moderate 	 82 	 40.6 	 54 (66.7) 	 27 (33.3)
	 Strenuous 	 	 	 22 (50.0) 	 22 (50.0)
	 Does not work 	 44 	 21.8 	 1 (50.0) 	 1 (50.0)
Physical activity at leisure
	 Sedentary 	 142 	 71.0 	 96 (67.6) 	 46 (32.4)
	 Moderate 	 58 	 29.0 	 29 (50.0) 	 29 (50.0)
DM type
	 Type 1 	 42 	 20.9 	 11 (26.2) 	 31 (73.8)
	 Type 2 	 159 	 79.1 	 115 (72.3) 	 44 (27.7)
Microalbumin in urine
	 Absent 	 79 	 44.9 	 50 (62.5) 	 30 (37.5)
	 Present 	 97 	 55.1 	 58 (61.1) 	 37 (38.3)
BMI
	 Underweight 	 39 	 19.4 	 10 (25.6) 	 29 (74.4)
	 Normal weight 	 75 	 37.3 	 40 (53.3) 	 35 (46.7)
	 Over weight 	 3 	 1.5 	 1 (33.3) 	 2 (66.7)
	 Obesity 	 84 	 41.8 	 75 (89.3) 	 9 (10.7)
Waist:hip ratio
	 Normal 	 141 	 69.8 	 81 (57.9) 	 59 (42.1)
	 Abnormal 	 61 	 30.2 	 45 (73.8) 	 16 (26.2)
HbA1c (%)
	 < 7% 	 15 	 8.4 	 11 (73.3) 	 4 (26.7)
	 > 7% 	 164 	 91.6 	 101 (61.9) 	 62 (38.0)
Ejection fraction (%)
	 > 50% 	 158 	 78.2 	 102 (64.6) 	 56 (35.4)
	 < 50% 	 44 	 21.8 	 24 (55.8) 	 19 (44.2)
LVH
	 Present 	 39 	 19.3 	 89 (77.4) 	 26 (26.5)
	 Absent 	 163 	 80.7 	 37 (43.0) 	 49 (56.9)
Diastolic function
	 Normal 	 91 	 45.1 	 44 (48.9) 	 46 (51.1)
	 Impaired 	 111 	 54.9 	 82 (73.9) 	 29 (26.1)
Wall motion
	 Normal 	 193 	 96.5 	 120 (62.2) 	 73 (37.8)
	 Abnormal 	 7 	 3.5 	 5 (71.4) 	 2 (28.6)

Table 3. Prevalence, knowledge and treatment of hypertension among
201 newly diagnosed diabetic patients at Mulago Hospital

Parameters 	 Number	 Prevalence (%) 	 95% CI
Hypertension 	 125 	 61.9 	 54.8–68.6
Systolic BP > 140 mmHg 	 104 	 51.5 	 45.3–59.2
Diastolic BP > 90 mmHg 	 92 	 45.5 	 39.3–53.2
Knowledge of hypertension 	 56 	 27.7 	 22.1–34.6
HTN newly diagnosed 	 69 	 34.2 	 27.6–39.8
ACEI/ARB use in known HTN 	 19 	 33.9 	 26.7–39.2
Known HTN on drugs 	 24 	 44.4 	 38.9–52.4
Known HTN not on drugs 	 30 	 55.6 	 47.2–62.1
HTN: hypertension, ACEI: ace inhibitor, ARB: angiotensin receptor blocker.

employed, participants who were never married and those who 
were currently married, overweight and obesity, increase in waist:hip 
ratio, LVH and diastolic dysfunction (Table 4). After adjusting for the 
patients’ gender, age, employment, marital status, BMI, waist:hip 
ratio, LVH and diastolic dysfunction, the only significant factors 
associated with hypertension were being employed (OR 0.37, 95% 
CI: 0.16–0.90, p = 0.029), and overweight and obesity (OR 11.6, 
95% CI: 4.29–31.2, p < 0.0001).
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Discussion
The prevalence of hypertension among newly diagnosed diabetics 
was high in this group, with more than six patients out of 10 having 
hypertension. This is in keeping with earlier studies, which found 
that the prevalence of hypertension in patients with diabetes was 
approximately two-fold higher than in age-matched subjects without 
the disease,12-14 and conversely, individuals with hypertension were at 
increased risk of developing diabetes compared with normotensive 
persons.15

In Uganda, the prevalence of hypertension among non-diabetics 
ranges between 20 and 35%, with a higher prevalence in the urban 
areas.10,34-37 This is consistent with evidence from other parts of sub-
Saharan Africa that indicated the prevalence of hypertension was 
between 20 and 50%.7,35,37-40 Therefore, the prevalence we found 
of 62% in diabetic subjects is approximately twice the current 
prevalence of hypertension in non-diabetic patients in Uganda.

Unfortunately only one-quarter of all those who are hypertensive 
know their status, and this is evident from other studies in the 
region, which found that the majority of patients with hypertension 
in sub-Saharan Africa did not know they were hypertensive and 
very few were on treatment, yet hypertension is the leading cause 
of stroke in Africa. In another cross-sectional study in Uganda, 
awareness of hypertension was low, at less than 30%.7

This low awareness could be explained by the fact that only 
27.8% of the population ever has their blood pressure measured in 
Uganda. Awareness of hypertension largely depends on the capacity 
of the health system to provide diagnostic services for hypertension 
to the general population.40 Unfortunately, the healthcare system in 
Uganda is largely constrained by communicable diseases and NCDs 
have not received the attention they deserve.7 In order to increase 
awareness, there is a need to screen all adults at an appropriate 
opportunity when they come into contact with the health system. 
This could even be done through outreaches and community 
programmes.7,41,42

Furthermore, among those who knew they had hypertension, 
less than half were on treatment. This is similar to what earlier 
studies found, and this carries a great risk for the complications 
of diabetes, especially CVDs such as stroke, LVH, myocardial 
infarction, as reported by the United Kingdom Prospective Diabetes 
Study (UKPDS). In one cross-sectional study among people with 
hypertension in Uganda, less than 10% were controlled. In 
another retrospective study conducted in an urban diabetes clinic 
in Kampala, optimal blood pressure control, defined as ≤ 140/80 
mmHg, was noted in 56% of the patients.43

This corroborates the notion that blood pressure control among 
adult diabetic patients in Uganda is sub-optimal. This calls for the 

Table 4. Logistic regression for factors associated with hypertension among 201 newly diagnosed diabetic patients at Mulago Hospital

	 Hypertension

Factors	 Absent, n (%)	 Present, n (%)	 Crude OR (95% CI)	 p-value	 Adjusted OR (95%)	 p-value	
Gender
	 Male 	 48 (47.1) 	 54 (52.9) 	 1
	 Female 	 27 (27.3) 	 72 (72.7) 	 2.37 (1.32–4.27) 	 0.004
Age
	 < 40 years 	 37 (63.8) 	 21 (36.2) 	 1 	 	 1
	 > 40 years 	 38 (26.6) 	 105 (73.4) 	 4.87 (2.54–9.34) 	 < 0.0001 	 2.49 (0.62–9.95) 	 0.197
Employment
	 Unemployed 	 39 (31.5) 	 85 (68.6) 	 1 	 	 1
	 Employed 	 35 (46.1) 	 41 (53.9) 	 0.54 (0.30–0.97) 	 0.039 	 0.37 (0.16–0.90) 	 0.029
	 Marital status
	 No longer married 	 17 (32.1) 	 36 (67.9) 	 1 	 	 1
	 Never married 	 22 (75.9) 	 7 (24.1) 	 7.25 (2.84–18.5) 	 < 0.0001 	 2.86 (0.69–11.9) 	 0.149
	 Currently married 	 36 (30.3) 	 83 (69.8) 	 6.66 (2.38–18.6) 	 < 0.0001 	 1.37 (0.28–6.63) 	 0.703
HbA1c

	 Normal 	 4 (26.7) 	 11 (73.3) 	 1
	 Abnormal 	 62 (38.0) 	 101 (61.9) 	 0.59 (0.18-1.94) 	 0.387
Microalbuminuria
	 Normal 	 30 (37.5) 	 50 (62.5) 	 1
	 Abnormal 	 37 (38.3) 	 58 (61.1) 	 0.94 (0.51-1.74) 	 0.844
BMI
	 Normal weight 	 66 (56.4) 	 51 (43.6) 	 1 	 	 1
	 Overweight, obesity 	 9 (10.7) 	 75 (89.3) 	 10.8 (4.9–23.6) 	 < 0.0001 	 11.6 (4.29–31.2) 	 < 0.0001
Waist:hip ratio
	 Normal 	 59 (42.1) 	 81 (57.9) 	 1 	 	 1
	 Abnormal 	 16 (26.2) 	 45 (73.8) 	 2.05 (1.06–3.97) 	 0.034 	 1.03 (0.39–2.73) 	 0.949
Ejection fraction
	 > 50% 	 56 (35.4) 	 102 (64.6) 	 1
	 < 50% 	 19 (44.2) 	 24 (55.8) 	 0.69 (0.35–1.38) 	 0.295
LVH
	 Absent 	 49 (56.9) 	 37 (43.0) 	 1 	 	 1
	 Present 	 26 (26.5) 	 89 (77.4) 	 4.53 (2.46–8.35) 	 < 0.0001 	 1.97 (0.88–4.38) 	 0.098
Diastolic function
	 Normal 	 46 (51.1) 	 44 (48.9) 	 1 	 	 1
	 Impaired 	 29 (26.1) 	 82 (73.9) 	 2.96 (1.64–5.34) 	 < 0.0001 	 0.94 (0.40–2.18) 	 0.885

HbA1c: glycated haemoglobin, BMI: body mass index, LVH: left ventricular hypertrophy
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development and implementation of local guidelines to improve 
diabetes care and minimise complications due to hypertension.43

Possible reasons for this very low level of control may be that 
the majority of people with hypertension are not aware they 
have the condition, and even among those who are aware, less 
than half are receiving treatment. However, even among those 
receiving treatment, only one in three achieve blood pressure 
control. A worrying global trend is that low levels for the control 
of hypertension are widespread in both low- and high-income 
countries.7,40,44,45

There is an additional risk reduction with ACE inhibitors and 
β-blockers over and above that associated with lowering of blood 
pressure among diabetics.12 However, the use of ACE inhibitors/
ARBs among those who knew their status was in only one-third of 
all participants, yet we know that ACE inhibitors reduce the risk for 
nephropathy and other complications of diabetes, such as LVH. For 
this reason, the JNC 7 and JNC 8 recommend that every diabetic 
who has hypertension must be started on ACE inhibitors/ARBs 
among other treatment options.46

In patients with type 2 DM, hypertension is associated with 
LVH.20,21 According to the Appropriate Blood Pressure Control 
in Diabetes (ABCD) trial, LVH is an independent predictor of 
cardiovascular events in hypertensive patients with diabetes.22 
Hypertension is also a major risk factor for myocardial infarction 
and stroke,12,23,24 and indeed it is the leading risk factor for mortality 
worldwide.5,25-27 Therefore prevention and control of hypertension 
are critical in reducing morbidity and mortality attributable to 
cardiovascular diseases among diabetics.

According to the UKPDS, the incidence of clinical complications 
among diabetics is significantly associated with systolic blood 
pressure, except for cataract extraction. Each 10 mmHg decrease 
in updated mean systolic blood pressure is associated with risk 
reductions of 12% for any complication related to diabetes, 15% for 
deaths related to diabetes, 11% for myocardial infarction and 13% 
for microvascular complications. Any reduction in blood pressure is 
likely to reduce the risk of complications, with the lowest risk being 
in those with systolic blood pressure less than 120 mmHg.12

An upcoming comprehensive review of global publications on 
NCD costs from low- and middle-income countries confirms that 
primary prevention of CVD, stroke and diabetes is far less expensive 
and has lower unit costs than treatment interventions for these 
conditions. One way to achieve this is to control hypertension.34

The following factors were associated with hypertension among 
the newly diagnosed diabetics in the bivariate model: age above 
40 years, female gender, unemployment, lack of physical exercise, 
overweight and obesity, increased waist:hip ratios, LVH and diastolic 
dysfunction. However after adjusting for possible confounders, only 
unemployment, gender and increasing BMI were independently 
associated with hypertension in this model. Among these factors, 
unemployment and BMI are modifiable, while gender is the non-
modifiable factor associated with hypertension.

Attaining and maintaining a healthy weight improves blood 
pressure and diabetes management, and reduces cholesterol levels. 
The Trials of Hypertension Prevention (TOHP) study showed that a 
decrease of 4.4 kg can lead to a blood pressure reduction of 4/3 
mmHg.16

In a study to determine the prevalence and factors associated 
with hypertension among residents of the rural district of 
Rukungiri, Uganda, some of the factors found to be associated 
with hypertension included: being overweight or obese, female 

gender and older age.37 However all these factors, apart from 
obesity and being overweight, had no significance in our study in 
the multivariate model. The reason could be that Wamala et al.37 
in the earlier study had a bigger sample size compared to ours and 
enrolled community members, while our population was for newly 
diagnosed diabetics.

Similar findings have been reported by Wamala and co-workers37 

and Musinguzi et al.7 in other cross-sectional studies. These 
observations suggest that demographic transition, urbanisation and 
increasing life expectancy are major determinants of prevalence of 
hypertension among diabetics.7,47-49

In a population-based, cross-sectional survey, Baziel et al.1 found 
further evidence to show that increasing BMI and a waist circumference 
above the normal range were associated with hypertension. In the 
same study, sociodemographic factors associated with hypertension 
included increasing age, male gender, overweight and obesity.

With the substantial burden of hypertension in Uganda coupled 
with low awareness and limited treatment of hypertension, 
especially among diabetics, enhanced communitybased education 
and prevention efforts tailored to addressing modifiable factors are 
needed.5 In our study, participants who were employed were 63% 
less likely to have hypertension compared to their unemployed 
counterparts. One possible explanation would be the lack of 
physical exercise among the unemployed participants, whereas 
those who are working often do manual labour in most parts of 
sub-Saharan Africa.

As observed elsewhere, the prevalence of hypertension increases 
with increasing age, and the increase is more marked among 
women than men.33,50 We found age above 40 years to be associated 
with hypertension in the bivariate model, however this level of 
significance was lost in the multivariate model. With increasing life 
expectancy, the risk of hypertension becomes very important in sub-
Saharan Africa, a region undergoing an epidemiological transition.

In addition patients who had LVH and/diastolic dysfunction were 
more likely to have hypertension compared to their counterparts 
without these heart problems. However this was no longer 
significant at multivariate level. One of the possible explanations 
could be that hypertension among diabetics caused LVH and 
diastolic dysfunction, as cited in the ABCD trial and other studies.22 

Therefore treating hypertension would be one way to prevent 
these complications because 75% of all CVD in diabetics can be 
attributed to hypertension.

Microalbuminuria was not associated with hypertension in this 
study, despite the fact that it is one of the major CVD risk factors. 
Okpere et al., in a cross-sectional study among young people in 
the community, found contradictory evidence,51 but the population 
they studied was not diabetic.

Type 2 DM and hypertension share several common risk factors, 
such as physical inactivity and unhealthy diet. Overweight and 
obesity are potentially amenable to behavioural modification. The 
benefits of prevention and care extend beyond cardiovascular 
disease to related conditions of public health importance. They are 
the focus of efforts to ensure greater prioritisation of NCDs on the 
global research agenda as well as of development agencies and in 
the health and development policies of low-income countries.

Limitations
In the diagnosis of hypertension, we did not perform ambulatory 
blood pressure monitoring, which is the gold standard, according 
to guidelines for the diagnosis of hypertension.29 This was due 
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to lack of capacity. A non-diabetic control group would have 
provided better comparison, however in this study we assessed the 
prevalence and associated factors of hypertension but not its risk 
factors among diabetics. The recruitment time between June 2014 
and January 2015 was relatively short due to limitations in logistics. 
This could have obscured seasonal differences.

Conclusion
The prevalence of hypertension was high in this population of newly 
diagnosed diabetics, who had little knowledge of hypertension, and 
very few patients were on appropriate treatment. Both modifiable 
and non-modifiable risk factors were associated with hypertension 
in this group. Therefore, routine assessment, treatment and control 
of hypertension among diabetics is necessary to prevent CVD 
complications and death. Pharmacotherapy should be combined 
with lifestyle changes to address the modifiable risk factors.
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Artificial sweeteners found to be toxic to gut microbes

FDA-approved artificial sweeteners and 
sport supplements were found to be 

toxic to digestive gut microbes, according 
to a study by researchers at Ben-Gurion 
University of the Negev (BGU) in Israel 
and Nanyang Technological University in 
Singapore.

The collaborative study indicated 
relative toxicity of six artificial sweeteners 
(aspartame, sucralose, saccharine, 
neotame, advantame, and acesulfame 
potassium-k) and 10 sport supplements 
containing these artificial sweeteners. 
The bacteria found in the digestive 
system became toxic when exposed to 
concentrations of only one mg/ml of the 
artificial sweeteners.

‘We modified bioluminescent E coli 

bacteria, which luminesce when they 
detect toxicants and act as a sensing 
model representative of the complex 
microbial system,’ says Professor 
Ariel Kushmaro, John A Ungar chair 
in biotechnology in the Avram and 
Stella Goldstein-Goren department of 
biotechnology engineering, and member 
of the Ilse Katz Institute for Nanoscale 
Science and Technology and the National 
Institute for Biotechnology in the Negev. 
‘This is further evidence that consumption 
of artificial sweeteners adversely affects 
gut microbial activity which can cause a 
wide range of health issues.’

Artificial sweeteners are used in 
countless food products and soft drinks 
with reduced sugar content. Many 

people consume this added ingredient 
without their knowledge. Moreover, 
artificial sweeteners have been identified 
as emerging environmental pollutants, 
and can be found in drinking and surface 
water, and groundwater aquifers.

‘The results of this study might help 
in understanding the relative toxicity of 
artificial sweeteners and the potential 
of negative effects on the gut microbial 
community as well as the environment. 
Furthermore, the tested bio-luminescent 
bacterial panel can potentially be used 
for detecting artificial sweeteners in the 
environment,’ says Kushmaro.
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Abstract
Background: Diabetes mellitus (DM) is a risk factor for 
left ventricular (LV) dysfunction, and microalbuminuria 
is frequently associated with DM. This study aimed to 
compare LV function among normotensive type 2 diabetes 
(T2DM) patients with normoalbuminuria, those with micro-
albuminuria, and healthy controls.
Methods: This was a cross-sectional study conducted at 
the diabetes and cardiology clinics of the University of Uyo 
Teaching Hospital, Uyo, Akwa-Ibom State, Nigeria, from 
January 2013 to March 2014. Microalbuminuria was tested 
for using Micral test strips, and echocardiography-derived 
indices of LV function were compared among the three 
groups.
Results: Sixty-three normoalbuminuric, 71 microalbuminuric 
T2DM patients and 59 healthy controls were recruited. Mean 
age of participants was 50 ± 8 years and the three groups were 
age and gender matched (p = 0.23, p = 0.36, respectively). 
LV diastolic dysfunction (LVDD) showed a stepwise increase 
from the healthy controls to the normoalbuminuric to the 
microalbuminuric T2DM patients (16.9 vs 61.9 vs 78.9%, 
respectively) (p < 0.001), while E/A ratio and fractional 
shortening showed a significant stepwise decrease (both p 
< 0.001). LV systolic dysfunction was rare among the three 
groups. Microalbuminuria showed a strong direct association 
with LVDD (OR 3.58, 95% CI: 1.99–6.82, p < 0.001). Age 
remained independently associated with LVDD (OR 1.10, 
95% CI: 1.03–1.17, p = 0.003).
Conclusions: LV diastolic function was altered in Nigerian 
normotensive T2DM patients, and the presence of 
microalbuminuria with DM had additional effects on this 

abnormality. Early screening for DM and microalbuminuria 
could identify individuals with high cardiovascular risk and 
possibly abnormal LV function.
 
Keywords: diabetes mellitus, microalbuminuria, left ventricle, 
diastolic dysfunction

Diabetes mellitus (DM) is associated with diverse cardiovascular 
conditions such as myocardial infarction, heart failure (HF), stroke 
and diabetic cardiomyopathy (DMCMP), which are the leading 
causes of diabetes-related morbidity and mortality.1,2 Previous studies 
elsewhere3,4 and in Nigeria5 have demonstrated left ventricular 
diastolic dysfunction (LVDD) in normotensive diabetics, supporting 
the existence of DMCMP.

The Framingham Heart Study showed that the frequency of HF 
is twice as high in diabetic men and five times higher in diabetic 
women compared with age-matched controls, and that this 
increased incidence of HF persisted despite correction for age, 
hypertension, obesity, hypercholesterolaemia and coronary artery 
disease (CAD).6 An increased risk for developing HF in prospective 
analyses after correction for confounding variables has also been 
reported.7 Therefore screening for the presence of DMCMP at the 
earliest stage is appropriate for the early detection and prevention 
of HF.

The most sensitive non-invasive test for detection of LV 
dysfunction is a two-dimensional echocardiogram with pulsedwave 
Doppler.8 As the cost of echocardiography is high, a less expensive 
pre-screening test for monitoring further deterioration in cardiac 
function in normotensive type 2 diabetes (T2DM) patients is 
needed. Microalbuminuria (MCA), a known marker of glomerular 
endothelial dysfunction, is also associated with microangiopathy in 
T2DM patients.9 It is suggested here that detection of MCA may 
also serve as an inexpensive pre-screening test for monitoring 
further deterioration in cardiac function in normotensive T2DM 
Nigerian patients. This study was designed to determine whether 
the presence of MCA in T2DM Nigerian subjects could demonstrate 
further deterioration in cardiac function in these patients.

Methods
The study was done in accordance with the Declaration of Helsinki 
and the protocol was approved by the University of Uyo Teaching 
Hospital, Uyo Institutional Health Ethical Research Committee 
(IHREC) reference number UUTH/AD/S/96/VOL.XII/38. The study 
was conducted in the diabetes and cardiology clinics of UUTH 
between January 2013 and March 2014. Two hundred participants 
were recruited; 134 consecutive diabetic patients, diagnosed 
according to the American Diabetes Association,10 or who were 

mailto:docttaiwo@yahoo.com
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calculated automatically by the echocardiography machine from 
M-mode-derived LV dimensions, using Teicholz’s formula:

LVEDV or LVESV = 7.0 × LVID
3

                             2.4 + LVID
Ejection fraction (EF) was calculated using the formula:

EF = EDV – ESV
            EDV      

× 100

The LV systolic function was considered normal if the EF was 
greater than 50% and/or FS was greater than 25%.14 The LV 
diastolic function was assessed using Doppler modalities. Early 
(E) and atrial (A) velocities as well as deceleration time (DT) were 
measured using pulsed-wave Doppler by placing the sample 
volume at the tips of the mitral leaflets in apical four-chamber view. 
Isovolumic relaxation time (IVRT) was measured as the time interval 
from the end of LV outflow and start of LV inflow, as indicated by 
simultaneous registration of outflow and inflow signals by high-
frequency pulsed-wave Doppler. 

Pulmonary venous flow (PVF), systolic (S), diastolic (D) and atrial 
reversal (Ar) velocities were obtained by placing a pulsedwave 
Doppler sample volume 1–2 cm into the pulmonary vein, proximal 
to its insertion into the left atrium. E/A and S/D were calculated.

Diastolic function (DF) was categorised into grades according to 
its progression to diastolic dysfunction (DD):
• 	 normal DF: E/A between 1 and 2, IVRT 60–100 ms and DT 160–

240 ms
• 	 grade 1 DD: E/A < 1, IVRT > 100 ms, DT > 240 ms
• 	 grade 2 DD: E/A 1– 2, IVRT 60–100 ms, DT 150–220 ms, PVFS/D 

< 1
• 	 grade 3 DD: E/A > 2, IVRT < 60 ms, DT < 160 ms.15 where 

DT is deceleration time and PVFS is pulmonary venous flow S 
velocity.
Pulmonary artery systolic pressure (PASP) was estimated from 

peak tricuspid regurgitant flow using continuous-wave Doppler. 
Tissue Doppler echocardiography was not used because, at the 
time the study was conducted, the echo machine used did not have 
the facility.

Statistical analysis
Data obtained were analysed using STATA 10. Continous variables 
are expressed as mean (± standard deviation) and categorical 
variables as percentages. Categorical variables were analysed 
using the chi-squared test. Student’s t-test and analysis of variance 
(ANOVA) were used to analyse continuous variables. Correlates of 
LV function were determined using Pearson’s rank correlation and 
predictors were assessed using logistic regressions. A p-value ≤ 
0.05 was considered statistically significant.

Results
One hundred and ninety-three participants comprising 63 T2DM 
patients with normoalbuminuria, 71 T2DM with microalbuminuria 
and 59 controls were studied. The mean age for all participants 
was 50 years and the three groups were age and gender matched. 
Table 1 shows the clinical characteristics of the three study groups. 
The duration since diagnosis of DM was significantly longer in the 
microalbuminuric than in the normoalbuminuric diabetics (p = 
0.02). WC, SBP and PR showed a significant stepwise increase from 
control to microalbuminuric group (p < 0.001, p = 0.03, p = 0.03, 
respectively). Weight, BMI, WHR, DBP and PP were comparable 
among the three groups.

on oral antidiabetic drugs, and 59 non-diabetic age- and gender-
matched controls completed the study.

Exclusion criteria were hypertension (blood pressure ≥ 140/90 
mmHg or use of antihypertensive drugs), age above 65 years, 
macroalbuminuria, serum creatinine of ≥ 1.5 mg/dl, chest deformity 
or long-standing chest disease evidenced on chest X-ray, sickle 
cell disease, urinary tract infection, pregnancy, cardiac conditions 
such as arrhythmia, heart failure, valvular heart disease, pericardial 
disease, congenital heart disease, and ischaemic heart disease as 
evidenced by clinical,electrocardiographic and echocardiographic 
features.

Age, gender and duration of diabetes were recorded for each 
subject. Weight was determined in kilograms (kg) using a weighing 
scale, height using a stadiometer, and waist and hip circumferences 
(WC and HC) were measured in centimetres (cm) using a tape 
measure. Body mass index (BMI), body surface area (BSA) and 
waist:hip ratio (WHR) were calculated.

Blood pressure was measured using an Accosson mercury 
sphygmomanometer with appropriate sized cuff at the brachial 
artery, Korotkoff phase 1 was used for systolic (SBP) and phase 
5 for diastolic blood pressure (DBP) after at least 15 minutes of 
rest in a sitting position. Pulse rate (PR) was measured at the radial 
artery. The mean of three consecutive measurements, taken at five-
minute intervals, was recorded. An overnight fasting venous blood 
sample was collected for measurement of levels of plasma glucose, 
creatinine and urea, and lipid profile using standard protocols.

A two-step microalbuminuria screening process was conducted. 
Combur 10 test strip (Roche Diagnostics, Mannheim, Germany), a 
visual colorimetric semi-quantitative urine test strip, was used to 
test for protein, blood, nitrite and leucocyte levels. If all were absent 
then detection of microalbuminuria was performed on the same 
urine sample.

Microalbuminuria was determined using Micral test strips, an 
optically read semi-quantitative immunoassay method (Roche 
Diagnostics, Australia) with a sensitivity and specificity of 80 and 
88%, respectively.11 There are four colour blocks on the test strip 
corresponding to negative (or 0), 20, 50 and 100 mg/l of albumin. 
The test was done on two occasions; the first was random urine 
samples (RUS) and the second was first morning void (FMV) urine 
samples of the subjects.

Microalbuminuria was considered to be present when the two 
urine samples produced a reaction colour corresponding to 20 mg/l 
or more. The result from the FMV urine sample was recorded as 
the MCA status of the subject. It has been suggested that MCA 
detected in the FMV urine sample corresponds better with 24-hour 
urinary albumin excretion (UAE) than microalbuminuria measured in 
a RUS, because it is less influenced by physical exercise and diet.12

Echocardiographic examination was performed with the patient 
in the left lateral decubitus position using a Hewlett- Packard Sonos 
4500 echocardiography machine with a 3.5-MHz transducer. 
Measurements were taken under two-dimensional guided M-mode, 
as recommended by the American Society of Echocardiography 
(ASE).13

Endocardial fractional shortening (FS) was calculated automatically 
by the echocardiography machine using the formula:14

FS = LVIDd – LVIDs
            LVIDd        

× 100
 

where LVIDd is left ventricular internal dimension in diastole and and 
LVIDs is left ventricular internal dimension in systole Left ventricular 
end-diastolic and end-systolic volumes (LVEDV and LVESV) were 
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Renal function, as assessed by estimated glomerular filtration 
rate (eGFR) using the Cockcroft Gault formula, was reasonably 
preserved among the three groups. It was highest in the control 
group but not statistically significantly different.

The mean values of all lipid components were normal and 
comparable, except for the low-density lipoprotein (LDL) cholesterol 
level and atherogenic ratio, which showed a significant stepwise 
increase from control to microalbuminric group (p = 0.0008 and 
p = 0.01, respectively). FBS was also significantly higher in the 
diabetic groups compared to the controls (p = 0.001).

Table 2 shows the echocardiographic parameters of LV function 
among the three groups. Mean values of EF and FS were normal 
in the three groups, but FS showed a significant stepwise decrease 
from control to microalbuminuric group (p = 0.0002).

Doppler echocardiographic parameters showed some degree 
of LV diastolic dysfunction, which was more pronounced in the 
diabetic groups. A velocity (p = 0.0034), IVRT (p = 0.0001) and 
PASP (p = 0.02) showed a significant stepwise increase from control 
to microalbuminuric group, with a reverse trend for E velocity (p < 
0.001) and E/A ratio (p < 0.001).

Fig. 1 shows the prevalence and pattern of LVDD among the 
three groups. The prevalence of LVDD showed a stepwise increase 
from 16.9% in the control to 78.9% in the microalbuminuric group. 
The most common grade of DD was grade 1, which occurred in 70.4 and 55.5% of microalbuminuric and normoalbuminuric 

groups, respectively, compared to 16.9% in the controls. Grade 1 
was the only type of DD found in the control group; 3.2% of the 
normoalbuminuric group and 8.5% of the microalbuminuric group 

Table 2. Comparison of echocardiographic parameters (mean ± SD) of
left ventricular systolic and diastolic function among healthy controls,
and normotensive diabetics with normoalbuminuria or micro-
albuminuria

		  Normo-	 Micro-
	 Control	 albuminuric	 albuminuric
Echo parameters	 (n = 59)	 (n = 63)	 (n = 71)	 F-test	 p-value
LVIDd (mm) 	 42 ± 4.4† 	 40 ± 4.9 	 38 ± 4.3 	 7.84 	 .0006
LVIDs (mm) 	 27 ± 3.2 	 26 ± 2.8 	 26 ± 3.2 	 0.81 	 0.45
EDV (ml) 	 82 ± 19† 	 76 ± 20 	 68 ± 16 	 8.13 	 0.0004
ESV (ml) 	 27 ± 8 	 26 ± 8 	 25 ± 7 	 0.82 	 0.44
Stroke volume (ml) 	 54 ± 20† 	 51 ± 19† 	 45 ± 17 	 9.28 	 0.0002
Cardiac output (l) 	 4.3 ± 0.9† 	 4.2 ± 1.1† 	 3.6 ± 1.0 	 10.05 	 0.0002
Ejection fraction (%) 	 62 ± 7.3 	 63 ± 8 	 60 ± 6.2 	 1.99 	 0.14
FS (%) 	 36 ± 5.5† 	 34 ± 6.1† 	 31 ± 4.1 	 11.39 	< 0.001
Mitral E velocity (m/s)	77 ± 21*† 	 65 ± 18 	 61 ± 12 	 20.65 	< 0.001
Mitral A velocity (m/s)	 67 ± 17† 	 69 ± 13 	 74 ± 13 	 5.9 	 0.0034
E/A ratio 	 1.2 ± 0.3† 	 1.0 ± 0.3 	 0.8 ± 0.2 	 31.51 	< 0.001
IVRT (s) 	 79 ± 13† 	 84 ± 16 	 90 ± 18 	 9.65 	 0.0001
Deceleration time (s) 	 199 ± 29 	 192 ± 42 	 192 ± 33 	 0.03 	 0.9658
PVF S velocity (m/s) 	 56 ± 11† 	 47 ± 14 	 52 ± 11 	 4.57 	 0.0123
PVF D velocity (m/s) 	 49 ± 8* 	 42 ± 7 	 47 ± 11 	 5.11 	 0.0074
S/D ratio 	 1.2 ± 0.2 	 1.1 ± 0.2 	 1.1 ± 0.3 	 0.38 	 0.685
PVF Ar velocity (m/s) 	 31 ± 4.4 	 33 ± 4.0 	 34 ± 3.0 	 2.72 	 0.069
PASP (mmHg) 	 30 ± 8 	 30 ± 7† 	 33 ± 9 	 4.22 	 0.0165
LADs (mm) 	 35 ± 3.3 	 34 ± 3.5† 	 36 ± 3.6 	 4.5 	 0.0125

*p < 0.05 compared to normoalbuminuria by ANOVA followed by Bonferroni 
post hoc test.
†p < 0.05 compared to microalbuminuria by ANOVA followed by Bonferroni 
post hoc test.
F-test for ANOVA.
PVF: pulmonary venous flow, LADs: left atrial end-systolic dimension, IVRT: 
isovolumic relaxation time, E: transmitral early-to-late inflow velocity ratio, A: 
transmitral late atrial velocity, PASP: pulmonary artery systolic pressure.

Table 1. Sociodemographic, anthropometric and laboratory data (mean 
± SD) variations among healthy controls, and normotensive diabetics 
with normoalbuminuria or microalbuminuria

		  Normo-	 Micro-
	 Controls	 albuminuric	 albuminuric
Characteristics	 (n = 59)	 No = 63	 (n = 71)	 F-test	 p-value
Age (years) 	 47 ± 10.0 	 50 ± 7.5 	 51 ± 7.0 	 0.87 	 0.43
Gender (% male) 	 49 	 51 	 45 	 2.05 	 0.36
DMdur (years) 	 0 	 4.7 ± 2.8 	 6.1 ± 4.1 	 2.38 	 0.02
Weight (kg) 	 66 ± 11 	 68 ± 13 	 69 ± 12 	 1.00 	 0.37
Height (cm) 	 162 ± 8 	 162 ± 8 	 161 ± 9 	 0.62 	 0.54
BMI (kg/m2) 	 24.93 ± 4.4 	 26.4 ± 5.2 	 26.5 ± 3.8 	 2.14 	 0.12
BSA (m2) 	 1.71 ± 0.17 	1.74 ± 0.18 	 1.75 ± 0.18 	 0.64 	 0.53
Waist (cm) 	 83 ± 10*† 	 89 ± 10 	 91 ± 10 	 11.19 	< 0.001
WHR 	 0.89 ± 0.08 	0.93 ± 0.07 	 0.93 ± 0.13 	 2.96 	 0.05
SBP (mmHg) 	 116 ± 11† 	 118 ± 9 	 120 ± 8 	 3.51 	 0.03
DBP (mmHg) 	 74 ± 8 	 74 ± 6 	 76 ± 6 	 2.62 	 0.08
PP (mmHg) 	 42 ± 9 	 42 ± 6 	 43 ± 7 	 1.42 	 0.25
PR (beats/min) 	 79 ± 12* 	 83 ± 10 	 83 ± 8 	 3.55 	 0.03
Creatinine (mg/dl) 	 0.9 ± 0.19 	 1.0 ± 0.31 	 1.01 ± 0.24 	 2.64 	 0.08
Urea (mmol/l) 	 2.6 ± 0.8*† 	 4.2 ± 1.7 	 4.0 ± 1.7 	 4.3 	 0.02
eGFR (ml/min) 	 102 ± 20 	 79 ± 31 	 86 ± 30 	 2.38 	 0.10
TC (mmol/l) 	 4.0 ± 0.6 	 4.6 ± 1.1 	 4.5 ± 1.2 	 1.17 	 0.32
TG (mmol/l) 	 0.9 ± 0.4 	 1.3 ± 0.8 	 1.1 ± 0.5 	 2.33 	 0.10
HDL-C (mmol/l) 	 1.73 ± 0.3 	 1.45 ± 0.5 	 1.37 ± 0.5 	 2.81 	 0.07
LDL-C (mmol/l) 	 1.74 ± 0.6† 	 2.38 ± 1 	 2.64 ± 0.8 	 5.14 	 0.008
AR 	 2.3 ± 0.4*† 	 3.5 ± 1.6 	 3.6 ± 1.0 	 4.67 	 0.01
FBS (mmol/l) 	 5.0 ± 0.5*† 	 8.1 ± 4 	 9.3 ± 4 	 3.72 	 0.001

F-test for ANOVA or student’s t-test.
*p < 0.05 compared to normoalbuminuria by ANOVA.
†p < 0.05 compared to microalbuminuria by ANOVA.
BMI: body mass index, BSA: body surface area, DMdur: duration of diabetes 
mellitus, WHR: waist:hip ratio, SBP: systolic blood pressure, DBP: diastolic 
blood pressure, PR: pulse rate, PP: pulse pressure, AR: atherogenic ratio, 
eGFR: estimated glomerular filtration rate, TC: total cholesterol, TG: triglycer-
ides, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipopro-
tein cholesterol, FBS: fasting blood sugar level.

Fig. 1. Composite bar chart showing the prevalence and pattern of left ventri-
cular diastolic dysfunction among the three groups.
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had grade 2 pattern of DD. None of the microalbuminuric group 
had grade 3 but 3.2% of the normoalbuminuric group did. These 
observed differences were statistically significantly different (χ2 = 
50.05, p < 0.01).

Table 3 shows clinical and biochemical parameters that correlated 
significantly with indices of LV diastolic function (E/A ratio and IVRT) 
among the normotensive diabetics. The strongest correlate of E/A 
ratio in the model was age (p < 0.001). Serum creatinine level (p = 
0.009) and eGFR (p = 0.009) also correlated significantly with E/A, 
but the other parameters did not.

Table 4 shows univariate and multivariate regression models used 
to determine predictors of LVDD in the normotensive diabetics. At 
the univariate level, age and MCA status were significantly associated 
with the occurrence of LVDD. Those with microalbuminuria had 
about a four-fold increased risk of developing LVDD compared to 
those with normoalbuminuria (95% CI: 1.99–6.82, p < 0.001). 

Also, for every one year increase in age, the risk of developing DD 
increased by 11% (95% CI: 4–17%, p ≤ 0.001).

After adjusting for all the other factors in the multivariate model, 
only age remained an independent predictor of DD. The model 
shows that for every one year increase in age, there was a 10% 
increased risk of developing DD (OR = 1.10, 95% CI: 1.03–1.17,  
p = 0.003). The area under the receiver operating curve of this 
model was 0.76, suggesting a good model.

Discussion
In this study, LVDD occurred significantly more frequently in the 
diabetic groups with or without MCA compared with the controls 
(p < 0.001) and the prevalence of LVDD in both diabetic groups 
were within the range of 40 to 75% reported by studies done on 
normotensive diabetics within16 and outside the country.17

Grade 1 LVDD was the commonest, which was significantly 
more in the microalbuminuric than the normoalbuminuric group 
and was the only grade seen in the controls (p < 0.01). Aigbe  
et al.16 and Patil et al.17 reported similar findings. Higher grades  
(2 and 3), although rare, were commoner in the microalbuminuric 
(8.5%) than the normoalbuminuric group (6.4%).

Lower rates of LVDD were reported by Liu et al.18 among 
American Indians with T2DM, 16% in normo-, 26% in micro- and 
31% in the macroalbuminuric groups, because diastolic function 
assessment was based on only transmitral flow parameters, with 
no distinctions made between normal and grade 2 DD. Therefore, 
patients with a pseudo-normalised pattern were not included in 
their analysis.

Systolic dysfunction was rare among the normotensive T2DM 
patients, which is similar to a previous report.3 A higher value 
of 15.56% reported by Dodiyi-Manuel et al.5 may be due to the 
higher EF cut-off value of 55% used to define systolic dysfunction, 
thus suggesting that systolic dysfunction detected by conventional 
echocardiography is not an early feature of DMCMP. This supports 
the assumption that alteration of both relaxation and filling usually 
precede marked changes in chamber systolic function, although 
more sophisticated imaging technology such as speckle-tracking 
imaging (STI), used to assess myocardial strain and strain rate, 
have permitted the detection of subtle systolic dysfunction in the 
diabetic myocardium.19

The significant correlation of E/A ratio with age (p < 0.001), 
creatinine level (p = 0.009) and eGFR (p = 0.008) in the normotensive 
T2DM patient suggests a worsening of LVDD as the patient grows 
older and serum creatinine level rises as a result of decline in renal 
function. Danbauchi et al.20 reported a significant correlation of 
LVDD with age, fasting blood glucose and two-hour postprandial 
glucose level in T2DM patients. Likewise, Yazici et al.21 in their 
study on 76 T2DM patients of Turkish origin documented that 
E/A ratio correlated significantly with age, glycated haemoglobin 
(HbA1c) level and duration of diabetes. These observations suggest 
that aging and impairment of renal function correlate with LVDD 
in normotensive diabetics.

The relationship between microalbuminuria and asymptomatic 
LVDD in T2DM patients has been a subject of much debate. In 
this study, a worsening of diastolic function as evidenced by 
significantly higher A velocity, lower E velocity and E/A ratio, 
larger left atrial dimension and longer IVRT were observed in 
the microalbuminuric compared to normoalbuminuric group.  
Baykan et al.22 also reported significantly longer deceleration time 

Table 3. Correlation coefficient of clinical and biochemical variables 
compared with E/A ratio and IVRT in normotensive diabetic subjects 
(p < 0.05)

	 E/A ratio 	 IVRT

Parameters 	 Rho 	 p-value 	 Rho 	 p-value
Age (years) 	 –0.45 	 < 0.001 	 0.06 	 0.55
DM duration (years)	 –0.06 	 0.51 	 0.14 	 0.15
Weight (kg) 	 0.11 	 0.24 	 0.08 	 0.39
Body surface area (m2)	 0.13 	 0.16 	 0.09 	 0.34
Body mass index (kg/m2)	 0.06	 0.49	 –0.03	 0.77
Waist circumference (cm)	 –0.03 	 0.77 	 0.15 	 0.12
Hip circumference (cm) 	 0.004 	 0.97 	 0.06 	 0.55
Waist:hip ratio 	 –0.09 	 0.35 	 0.05 	 0.61
Systolic BP (mmHg) 	 –0.04 	 0.65 	 –0.01 	 0.91
Diastolic BP (mmHg)	 0.14 	 0.15 	 –0.06 	 0.53
Pulse pressure 	 –0.14 	 0.12 	 0.02 	 0.86
Pulse rate (beat/min) 	 –0.11	 0.22 	 –0.26 	 0.005
Creatinine (mg/dl) 	 –0.32 	 0.009 	 0.19 	 0.13
eGFR (ml/min) 	 0.33 	 0.008 	 –0.09 	 0.47
Total cholesterol (mmol/l)	 –0.16 	 0.25 	 –0.13 	 0.36
Trigylcerides (mmol/l) 	 0.01 	 0.91 	 0.32 	 0.01
HDL-C (mmol/l) 	 0.02 	 0.87 	 –0.08 	 0.57
LDL-C (mmol/l) 	 –0.07 	 0.60 	 –0.04 	 0.76

Rho: correlation coefficient, DM: diabetes mellitus, eGFR: estimated 
glomerular filtration rate, HDL-C: high-density lipoprotein cholesterol, LD-C: 
low density lipoprotein cholesterol.

Table 4. Logistic regression model to determine predictors of left
ventricular diastolic dysfunction in the normotensive diabetic subjects

	 Univariate analysis	 Multivariate analysis

	 Odds ratio	 Odds ratio
Variable 	 (95% CI) 	 p-value 	 (95% CI) 	 p-value
Age 	 1.11 (1.04–1.17) 	 < 0.001* 	 1.10 (1.03–1.17)	 0.003*
Microalbuminuria 	 3.58 (1.99–6.82) 	 < 0.001* 	 1.81 (0.70–4.68) 	 0.222
Gender 	 0.69 (0.31–1.55) 	 0.309	  0.56 (0.21–1.48)	 0.240
BMI 	 0.98 (0.90–1.07) 	 0.719 	 0.91 (0.79–1.06) 	 0.227
Waist 	 1.01 (0.98–1.06) 	 0.452 	 1.04 (0.97–1.12) 	 0.263
DM duration 	 1.10 (0.96–1.24) 	 0.142 	 1.04 (0.90–1.19) 	 0.599
Systolic BP 	 1.01 (0.95–1.05) 	 0.824 	 0.98 (0.91–1.06) 	 0.694
Diastolic BP 	 0.96 (0.89–1.03) 	 0.234 	 0.97 (0.87–1.08) 	 0.598

Receiver operating curve 0.76, CI: confidence interval, DM: diabetes mellitus, 
BP: blood pressure.
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and IVRT in the microalbuminuric than the normoalbuminuric 
group.

Liu et al.18 was the first to report that albuminuria status was 
independently associated with systolic and diastolic dysfunction 
in patients with T2DM. Akiyama et al.23 reported that the odds 
of having LVDD in Japanese T2DM patients with albuminuria was 
about eight times more than those without albuminuria (OR 7.95, 
95% CI: 1.74–21.6, p = 0.005). By contrast, Alwis et al.4 noted 
in their study on 28 T2DM patients without any cardiovascular 
disease that 73.7% of those without microalbuminuria and 66.7% 
of those with microalbuminuria had LVDD. Likewise, Yildirimturk 
et al.24 found among 50 diabetics, no significant differences in LV 
systolic and diastolic function between patients with or without 
MCA. The relatively smaller sample sizes may explain the lack 
of significant difference in diastolic function between diabetic 
patients with or without MCA in these studies.

In our study, the univariate model showed a strong direct 
association of LVDD with microalbuminuria (OR 3.58, 95% CI: 
1.99–6.82, p < 0.001) and age (OR 1.1, 95% CI: 1.04–1.17, p < 
0.001), which is similar to a previous study.22 Only age remained 
as an independent predictor of LVDD (OR 1.10, 95% CI: 1.03– 
1.17, p < 0.003) after controlling for other confounders, including 
microalbuminuria.

It is commonly believed that grade 1 LVDD in patients above 
65 years may represent a relaxation abnormality associated with 
the aging process. However patients younger than 65 years may 
represent impaired relaxation due to other conditions, which 
may be a precursor to more advanced diastolic impairment if not 
treated. In our study, subjects older than 65 years were excluded. 
The negative prevalence of grade 2 and 3 LVDD in the control 
group and the fact that pseudo-normal and restrictive LV filling 
patterns are usually pathological phenomenona25 suggest that the 
higher proportion of LVDD seen in the diabetic groups was linked 
not only to aging but also to DM with or without MCA.

We included both micro- and macroalbuminuric patients in our 
study, as this increased the chances of detecting albuminuria as 
an independent predictor of LVDD, as reported by Liu et al.18 in 
their study. Although the association between MCA and LVDD in 
normotensive T2DM patients was weak, it was stronger than the 
association of T2DM without albuminuria with LVDD.

The limitation in this study was lack of glycated haemoglobin 
values of the subjects studied.

Conclusion
Our study showed that the prevalence of LVDD was significantly higher 
in normotensive T2DM patients with or without microalbuminuria. 
This study was also confirmatory of the strong direct association 
of microalbuminuria with LVDD and the direct and independent 
association of age with LVDD in normotensive diabetic patients. 
Therefore periodic screening for microalbuminuria, especially in 
patients with risk factors such as hypertension or diabetes, could 
allow early identification of cardiovascular disease and help in 
stratifying overall cardiovascular risk.
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Background
Longstanding diabetes is associated with both macrovascular 
(myocardial infarction, stroke and peripheral vascular disease) and 
microvascular disease (retinopathy, nephropathy and neuropathy). 
Nephropathy affects approximately 40% of patients with diabetes 
and follows a long natural history (Fig. 1), initially manifesting with 
an elevated glomerular filtration rate (GFR) due to poor glucose 
control.1 In time there is a progressive and inexorable decline in 
renal function to end-stage renal disease. However, because many 
diabetics remain undiagnosed for many years, chronic kidney 
disease (CKD) may be present at diagnosis.

Nephropathy is predicted by small amounts of albumin in 
the urine (below dipsticks detection) or microalbuminuria that 
progressively increases to overt albuminuria associated with loss 
of kidney function. In the United Kingdom Prospective Diabetes 
Study (UKPDS) the progression rate from normoalbuminuria to 
microalbuminuria was 2% per year, to macroalbuminuria 2.8%, 
and macroalbuminuria to elevated serum creatinine 2.3%.2

The importance of diabetic kidney disease (DKD) is two-
fold. Firstly, it heralds a markedly increased mortality rate with 
advancing kidney disease, mainly due to cardiovascular (CV) 
disease. The annual death rate for normoalbuminuria is 0.7%, 
microalbuminuria 2%, macroalbuminuria 3.5% and elevated 
creatinine 12.1%.2,3 If nephropathy develops at age 30 years, 
life expectancy is reduced by 14.8 years in men and 16.9 years 
in woman.4 The reasons for the increased CV risk are complex 
and involve both traditional risk factors, especially worsening of 
hypertension, and non-traditional risk factors such as vascular 
calcification, which is beyond the scope of this article.

Secondly, DKD is now the commonest cause of end-stage CKD 
in most countries in the world and South Africa is no exception.5 

Currently 47.2% of dialysis patients in the private sector are 
diabetics and the vast majority type 2. In the state sector the 
figure is 11.2% and the implication of this is that the majority 
of diabetics in the public sector are sent home to die of end-
stage CKD. The cost of dialysis in the private sector is in excess of  
R200 000 per annum per patient and accounts for one of the 
single biggest expenditures by medical aids in South Africa.

It is abundantly clear that CV disease and DKD are inextricably 
linked, and both need to be addressed to reduce the burden of 
kidney and associated CV disease.

Current knowledge of prevention and treatment  
of DKD
There are many challenges in the treatment of DKD. Firstly, it is 
silent and insidious with signs and symptoms only developing in 
CKD stages 4 and 5; so late diagnosis is common. There is lack 
of public awareness and failure to implement regular screening. 
The major modifiable risk factors for DKD are the presence of 
microalbuminuria (or incipient nephropathy), hypertension, 
smoking, obesity, dyslipidaemia and dietary factors.

It is also critical to understand that small improvements in the 
trajectory of GFR can translate into long-term benefits. For example, 
by changing the trajectory of loss of GFR from 3 ml/min/year to 2 
ml/min/year, the time to end-stage CKD can be increased by up to 
10 years or more.6

All diabetics should have their creatinine, estimated GFR (eGFR), 
urine dipsticks, and urine albumin/creatinine ratio performed at 
diagnosis and annually. If abnormal, these need to be performed more 
regularly. Dipsticks positive for albumin, macroalbuminuria, and/or 
eGFR < 60 ml/min are very suggestive of DKD. Microalbuminuria 
signifies incipient nephropathy and a very elevated eGFR > 120 ml/
min is also a risk factor because of the long-term harmful effects 
of hyperfiltration.

Correct performance and interpretation of urinary albumin/
creatinine ratio are essential. Firstly, the urine should be a first 
voided overnight specimen to standardise testing. Spot urines 
significantly overestimate the presence of albuminuria. Ideally 
three specimens need to be obtained, but in practice testing is 
usually performed using only one. Normoalbuminuria is an albumin 
creatinine ratio < 3 mg/mmol, microalbuminuria 3–30 mg/mmol 
and macroalbuminuria > 30 mg/mmol (Table 1). Unfortunately 
several laboratories report in gm of albumin to gm of creatinine, 

Fig. 1. Change in kidney function (GFR and albumin excretion) as diabetic 
nephropathy progresses.
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which results in problems with interpretation. To obtain ranges for 
gm/gm multiply the above ranges by 10.

Treatment and prevention of DKD and CV events require 
a multifaceted approach. Healthy lifestyle remains crucial. For 
example, in early DKD, physical inactivity increases mortality by 
50%, smoking by 40%, excess alcohol intake by 21% and obesity 
by 68%.4 Blood pressure (BP) should be targeted to < 140/90 
mmHg and ideally < 130/80 mmHg if well tolerated. All patients 
with micro- and macroalbuminuria must receive an ACE inhibitor 
or angiotensin receptor antagonist, even if normotensive, as this 
prevents progression of microalbuminuria to macroalbuminuria, 
the doubling of serum creatinine level and reduces end-stage 
CKD.7 All patients should receive statin treatment almost regardless 
of serum cholesterol,8 but aspirin is not routinely indicated unless 
for secondary prevention of CV disease. In the early phases, tight 
glucose control is recommended (HbA1c < 6.5 mmol/l) as it prevents 
the onset of early DKD and other microvascular complications.9 
In late DKD, tight glucose control has little impact and may be 
harmful because of the risk of hypoglycaemia.

In the STENO-2 study this type of multifaceted approach 
resulted in a 46% risk reduction in death, 59% in CV events, 
61% in nephropathy and 58% in retinopathy. Importantly, these 
benefits accrued only after five years of treatment.10

Importance of Na+–glucose co-transport (SGLT) in  
the kidney
The normal kidney filters 180 litres of plasma, approximately  
24 000 mmol of Na+ and 180 g or 1 000 mmol of glucose. The 
sodium–glucose co-transporters (SGLT-1 and -2) completely 
reabsorb glucose linked to Na+ in the proximal tubule. Glucose 
is reabsorbed one-to-one with Na+ by SGLT-2 and one-to-two 
by SGLT-1. SGLT-2 is responsible for 90% and SGLT-1 10% of 
reabsorption.11 Any defect in SGLT-2 results in renal glycosuria 
that has no long-term harmful effects on the kidney. In diabetes, 
particularly if it is suboptimally controlled, the filtration of glucose 
increases and the SGLT is upregulated to counteract the increased 
filtration.12 However, once its threshold is exceeded, glycosuria 
occurs, causing an osmotic diuresis, resulting in the typical 
manifestations of uncontrolled diabetes, namely polyuria and 
polydipsia.

Relationship between heart failure and DKD
These changes have a profound effect on renal autoregulation, 
which potentially lies at the heart of the pathophysiology of DKD 
and heart failure (HF). (Many physicians are not aware that HF is 
more common than myocardial infarction in longstanding type 
2 diabetics.)13 Because the SGLT is upregulated by the increased 
glucose load in diabetics there is both increased Na+ (and glucose) 
reabsorption. The resultant reduction in Na+ delivery to the juxta 

glomerular apparatus results in tubular glomerular feedback (TGF) 
and activation of the intrarenal renin–angiotensin system (RAS).14 
The net result is a dilated afferent and constricted efferent arteriole, 
causing increased intraglomerular pressure, hyperfiltration and 
loss of autoregulation (Fig. 2). The position is compounded by the 
increased systemic Na+ reabsorption that stimulates atrial natriuretic 
peptides, which increases renal blood flow, further exacerbating 
the hyperfiltration. The glomerulus is particularly sensitive to the 
effects of glomerular hypertension, hyperfiltration and loss of 
autoregulation,15 and is seen as a fundamental pathophysiological 
mechanism for the development of nephropathy and the raised 
GFR seen in early diabetes (Fig. 1). It also exposes the glomerulus 
to systemic BP, and it is for this reason that both BP control and 
RAS inhibitors are renoprotective. RAS inhibitors, in addition to 
lowering BP, dilate the efferent arteriole and reduce glomerular 
pressure, but do not fully restore autoregulation as the afferent 
remains dilated16 (Fig. 2). Longstanding increased Na+ reabsorption 
by the kidney may also be plausibly linked to development of HF 
due to Na+ overload and exacerbation of hypertension.

SGLT-2 inhibitors
Highly specific inhibitors of SGLT-2 have been developed 
by several pharmaceutical companies. The best known are 
empagliflozin, dapagliflozin and canagliflozin. Briefly, inhibition of 
the co-transporter results in glucose wasting through the kidney, 
resulting in insulin-independent improvement in HbA1c similar to 
that seen with metformin, sustained weight loss due to calorie 
loss and significant reduction in BP due to natriuresis. These drugs 
are now widely registered in many countries for the treatment of 
type 2 diabetes.

In the kidney, SGLT-2 inhibitors increase natriuresis by blocking 
glucose-mediated Na+ uptake in the proximal tubule. The 
resultant increased Na+ delivery to the juxta glomerular apparatus 
brings about constriction of the afferent arteriole through TGF, 
resulting in restoration of renal autoregulation and reduction in 
hyperfiltration. These effects reduce the GFR in the short term by 
2–3 ml/min14 but are likely to protect the kidney in the long term 
in a manner similar to the effects of RAS inhibitors. Addition of 
SGLT-2 inhibitors to RAS inhibitors is likely to fully restore renal 
autoregulation (Fig. 2).

CV and kidney outcome studies with SGLT-2 inhibitors
Historically, although improving glycaemic control is associated 
with reduction in microvascular events, the effects on improving 
CV outcomes have generally been inconclusive.17 It also became 
apparent that some hypoglycaemia, for example rosiglitazone, 
may be associated with CV harm.18 For this reason in 2008 the 
FDA required companies to demonstrate empirically that a 
developmental drug for diabetes does not appear to increase the 
rate of CV disease. As a result, a plethora of CV outcome studies 
were launched. Most notably the DPP-4 inhibitors lowered glucose, 
but did not improve CV outcomes.19

This nihilism regarding prevention of CV outcomes was 
dramatically changed when the EMPA-REG OUTCOME study was 
presented at the European Association for the Study of Diabetes 
congress in Stockholm in 2015.20 Empagliflozin 10 and 25 mg 
was compared to placebo in patients with uncontrolled diabetes 
in patients with established CV disease or at very high risk for  
CV disease, treated with standard of care. Both doses of  

Table 1. Interpretation of urinary albumin/creatinine ratio* (ACR) in  
mg/mmol

Stage 	 ACR
Normoalbuminuria 	 < 3
Microalbuminuria
Macroalbuminuria 	 > 30

* For conversion of ACR to gm/gm multiply by 10.
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empagliflozin lowered HbA1c and body weight, and improved BP 
control, but more importantly there was a 38% reduction in CV  
death (p < 0.0001) and a 35% reduction in hospitalisation for HF  
(p = 0.0017). From the kidney perspective, there was a 39% 
reduction in new or worsening nephropathy (p < 0.001) and 46% 
in hard renal end-points namely doubling in serum creatinine level, 
initiation of renal-replacement therapy and death from end-stage 
CKD) (p < 0.001).21 The benefits were also seen in patients where the 
estimated GFR was < 45 ml/min where there was a 44% reduction 
in doubling of serum creatinine level (p = 0.0009) (Fig. 3).

There was strong support that benefits accrued primarily due 
to the underlying mechanism of action of empagliflozin and not 
through glucose-lowering per se. Hospitalisation for HF separated 
very early, suggesting that increased natriuresis was the primary 
reason. Kidney benefit appeared after six months of treatment 
and analysis of the eGFR showed early reduction in GFR in both 
empagliflozin arms followed by a stable trend thereafter.21 In 
the placebo arm, there was no initial drop in eGFR, but this was 
followed by an inexorable decline with the lines crossing at about 
52 weeks. This supports the concept that reducing hyperfiltration 

Fig. 2. Nephron changes in diabetes and after administration of RAS inhibitor + SGLT2 inhibitor.

Fig. 3. Risk compression for seven renal outcomes. From EMPA-REG OUTCOME renal trial.
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as described above is the primary mechanism for renal protection, 
with reduction in BP having a lesser role.

The CANVAS programme using canagliflozin compared to 
placebo reported similar reductions in CV and kidney events.22 

More recently a dedicated trial (CREDENCE) using canagliflozin 
vs placebo in patients with DKD was stopped prematurely due to 
the superior effects of canagliflozin on kidney end-points (https://
www.jnj.com/). This study is not published and further details 
are awaited. Outcomes studies with dapagliflozin have not been 
reported to date.

Although the place of SGLT-2 inhibitors in the treatment of type 
2 diabetes is not formally established, they should undoubtedly 
be used in overweight patients with established CV or at high risk 
of CV disease based on the EMPA-REG OUTCOME study and the 
CANVAS programme, provided there are no contra-indications, 
and taking into account the side-effect profile of the SGLT-2 
inhibitors.

In addition, they should be considered in patients with signs of 
CKD (albuminuria and/or reduced eGFR but not below 30 ml/min), 
although this not a registered indication in South Africa. There is 
also no reason, except for immediate drug costs, why these drugs 
should not also be considered as second line after metformin in 
the diabetic algorithm of care; they can also be combined with 
most other antidiabetic medications, including insulin.

The future of these drugs looks very exciting as further CV 
and kidney outcome studies are nearing completion. Additionally, 
studies are being extended to CV and kidney protection in 
non-diabetic subjects. In patients with CKD, there is increased 
single-nephron GFR due to increased glomerular pressure and 
hyperfiltration to compensate for loss of GFR, which in the long 

term is deleterious to the kidney. SGLT-2 inhibitors may indeed 
benefit patients with non-diabetic CKD by reducing glomerular 
pressure and hyperfiltration.

Cautions and side effects of SGLT-2 inhibitors
The prescriber should refer to the full package insert before 
selecting a SGLT-2 inhibitor for treatment of type 2 diabetes, but 
there are a few important contra-indications and cautions to be 
considered.23 Firstly it should not be given to type 1 diabetics due to 
risk of ‘normoglycaemic’ ketoacidosis and used with caution in thin 
type 2 diabetics as they may potentially be mislabelled and have 
type 1 diabetes. Normoglycaemic ketoacidosis can occur very rarely 
in type 2 diabetics, usually during periods of prolonged fasting. 
The SGLT-2 inhibitor should be stopped in these circumstances or 
carefully monitored. They should also be avoided in patient > 75 
years, where risks of dehydration may outweigh benefits.

The most common side effect is genital candidiasis due to 
glycosuria, and is mainly seen in females. This is easily treated 
with local antifungal creams and seldom recurs. There may be 
a slight increase in urinary tract infection, but this is seldom  
severe.

Initial reports suggested a possible increase in fracture risk 
with SGLT-2 inhibitors, but this was not borne out by a recent 
meta-analysis.24 Initial reports suggested an association between 
bladder cancer and dapagliflozin, but further analysis suggested 
these cases were pre-existing.25 Canagliflozin was linked to 
increased risk of amputation in the CANVAS programme,22 and 
further study is required to establish if this is a causal link.

Conclusions
The publication of the EMPA-REG OUTCOME study in 2015 was a 
major milestone in development of safer and more effective drugs 
for type 2 diabetes. It broke the nihilism expressed by many in 
relation to prevention of CV disease in type 2 diabetics. For the 
first time in decades an antidiabetic drug was found to safely lower 
blood glucose and show unequivocal evidence for prevention 
of CV and renal disease that can be explained by the underlying 
mechanism of action. It is important that a pharmaco-economic 
analysis be undertaken with regard to these drugs, especially in 
relation to prevention and the prohibitive costs of treatment of 
end-stage CKD.
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Statins don’t reduce cardiovascular disease risk in healthy older people

Statins are not associated with a reduction 
in cardiovascular disease (CVD) or death 

in healthy people aged over 75 years, finds a 
recent study. However, in those with type 2 
diabetes, statins were related to a reduction 
in cardiovascular disease and death from 
any cause up to the age of 85 years.

The results of the study, led by the 
University Institute for Primary Care 
Research Jordi Gol (IDIAPJGol) and Girona 
Biomedical Research Institute (IDIBGI), do 
not support the widespread use of statins 
in old and very old people, but they do 
support treatment in selected people, such 
as those aged 75 to 84 years with type 2 
diabetes, say the researchers.

Cardiovascular disease is the leading 
cause of death globally, especially for those 
aged 75 years and over. Statin prescriptions 
to elderly patients have increased in recent 
decades, and trial evidence supports statin 
treatment for people aged 75 years or 
older with existing heart disease (known as 
secondary prevention). 

Evidence on the effects of statins 
for older people without heart disease 
(known as primary prevention) is lacking, 
particularly in those aged 85 years or older 
and those with diabetes. So, researchers 
based in Spain set out to assess whether 

statin treatment is associated with a 
reduction in cardiovascular disease and 
death in old (75–84 years) and very 
old (85 years and over) adults with and 
without type 2 diabetes.

Using data from the Catalan primary care 
system database (SIDIAP), they identified 
46 864 people aged 75 years or more 
with no history of cardiovascular disease 
between 2006 and 2015. Participants 
were grouped into those with and without 
type 2 diabetes and as statin non-users 
or new users (anyone starting statins for 
the first time during the study enrolment 
period). Primary care and hospital records 
were then used to track cases of CVD 
(including coronary heart disease, angina, 
heart attack and stroke) and death from 
any cause (all-cause mortality) over an 
average of 5.6 years.

In participants without diabetes, statin 
treatment was not associated with a 
reduction in CVD or all-cause mortality in 
both old and very old age groups, even 
though the risk of CVD in both groups 
was higher than the risk thresholds 
proposed for statin use in guidelines. 
In participants with diabetes, however, 
statins were associated with significantly 
reduced levels of CVD (24%) and all-cause 

mortality (16%) in those aged 75–84 years. 
But this protective effect declined after age 
85 and disappeared by age 90.

This was an observational study, so no 
firm conclusions can be drawn about cause 
and effect, and the authors cannot not rule 
out the possibility that some of their results 
may be due to unmeasured (confounding) 
factors.

But they point out that this was a 
high-quality study with a large sample 
size, reflecting real-life clinical conditions. 
Therefore they concluded that their results 
do not support the widespread use of 
statins in old and very old populations, but 
they do support treatment in those with 
type 2 diabetes younger than 85 years.

In a linked editorial, Aidan Ryan at 
University Hospital Southampton and 
colleagues, say the biggest challenge for 
clinicians is how to stratify risk among 
those aged more than 75 years to 
inform shared decision making. These 
observational findings should be tested 
further in randomised trials, they write. In 
the meantime, they say ‘patient preference 
remains the guiding principle while we 
wait for better evidence.’

Source: Medical Brief 2018
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Abstract
Background and aim: The Pan-African Society of Cardiology 
(PASCAR) has identified hypertension as the highest area of 
priority for action to reduce heart disease and stroke on the 
continent. The aim of this PASCAR roadmap on hypertension 
was to develop practical guidance on how to implement 
strategies that translate existing knowledge into effective 
action and improve detection, treatment and control of 
hypertension and cardiovascular health in sub-Saharan 
Africa (SSA) by the year 2025.
Methods: Development of this roadmap started with the 
creation of a consortium of experts with leadership skills in 
hypertension. In 2014, experts in different fields, including 
physicians and non-physicians, were invited to join. Via 
face-to-face meetings and teleconferences, the consortium 
made a situation analysis, set a goal, identified roadblocks 
and solutions to the management of hypertension and 
customised the World Heart Federation roadmap to Africa.
Results: Hypertension is a major crisis on the continent but 
very few randomised, controlled trials have been conducted 
on its management. Also, only 25.8% of the countries have 
developed or adopted guidelines for the management of 
hypertension. Other major roadblocks are either government 
and health-system related or healthcare professional 
or patient related. The PASCAR hypertension task force 
identified a 10-point action plan to be implemented by African 
ministries of health to achieve 25% control of hypertension 
in Africa by 2025.
Conclusions: Hypertension affects millions of people in SSA 
and if left untreated, is a major cause of heart disease and 
stroke. Very few SSA countries have a clear hypertension 
policy. This PASCAR roadmap identifies practical and 
effective solutions that would improve detection, treatment 
and control of hypertension on the continent and could be 
implemented as is or adapted to specific national settings.
 
Keywords: hypertension, roadmap, Africa, prevalence, control, 
blood pressure, action

Executive summary
The Word Health Organisation (WHO) estimated that the number 
of people affected by hypertension is highest in Africa, at about 
46% of adults aged 25 years and older, compared to 35 to 40% 
elsewhere in the world. Many hypertensive Africans are unaware 
of their status, and are rarely treated or poorly controlled, making 
them at highest risk for stroke, and heart and renal disease.

African Union member states at the 2004 Addis Ababa meeting 
described hypertension as one of the continent’s greatest health 
challenges after HIV/AIDS. An urgency was recognised to develop 
and share best practices, including affordable and effective 
community-based programmes to screen and treat hypertension.

The WHO’s 2013–2020 global action plan calls upon the United 
Nations (UN) member states to take immediate action in preventing 
and controlling non-communicable diseases (NCDs). Target six of 
the action plan aims to achieve a 25% relative reduction in the 
prevalence of raised blood pressure or to contain this by 2020, 
according to national circumstances. State and government heads 
in the UN Political Declaration are committed to preventing and 
controlling NCDs through the establishment and strengthening of 
multi-sectoral national policies and plans.

The Pan-African Society of Cardiology (PASCAR) met several 
times to identify key actions for a hypertension roadmap on the 
continent. The PASCAR coalition identified several roadblocks 
hampering the control of hypertension on the continent, which 
exist at government/health-system, physician and patient levels and 
include the following.

Government- and health system-related roadblocks
• 	 lack of established policies for controlling hypertension
• 	 poor political willingness to implement policies on NCDs
• 	 poor universal health insurance coverage, leading to out-of-

pocket payment by most patients, which leads to poor access 
and adherence to treatment

• 	 lack of policies on antihypertensive medication procurement 
and distribution, resulting in stock shortages

• 	 lack of ad hoc screening and proper referral systems for patients 
identified at routine screening

• 	 inability of governments to effectively work with the private 
sector, non-governmental organisations (NGOs) and academia 
in a coordinated plan to tackle the burden of hypertension.

Healthcare professional-related roadblocks
• 	 lack of appropriate evidence-based guidelines for healthcare 

professionals in individual countries
• 	 hypertension treatment guidelines are poorly implemented 

because of a lack of continuing medical education 
• 	 a dearth of healthcare professionals (physicians, nurses and 

trained health workers) at primary care level with very low 
physician/patient ratio

• 	 lack of quality and affordable antihypertension medications.

Patient-related roadblocks
• 	 poor awareness about hypertension and its consequences
• 	 poor adherence to drug therapy because of limited access to 

medication
• 	 difficulty in changing lifestyles, and false health beliefs that 

hypertension is curable, due to poor patient education.

PASCAR 10-point action plan
The PASCAR hypertension task force identified a 10-point action 
plan, to be implemented by African ministries of health to achieve 
25% control of hypertension in Africa by 2025.
1. 	 All NCD national programmes should additionally contain a 

plan for the detection of hypertension.
2.	 Allocate appropriate funding and resources for the early 

detection, efficient treatment and control of hypertension.
3.	 Create or adopt simple and practical clinical evidence-based 

hypertension management guidelines.
4. 	 Annually monitor and report the detection, treatment and 

control rates of hypertension, with a clear target of improvement 
by 2025, using the WHO STEPwise surveillance in all countries.

5. 	 Integrate hypertension detection, treatment and control within 
existing health services, such as vertical programmes (e.g. HIV, 
TB).

6. 	 Promote a task-sharing approach with adequately trained 
community health workers (shift-paradigm).

7. 	 Ensure the availability of essential equipment and medicines for 
managing hypertension at all levels of care.

8.	 Provide universal access and coverage for detecting, treating 
and controlling hypertension.
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9. 	 Support high-quality research to produce evidence that will 
guide interventions.

10.	Invest in population-level interventions for preventing 
hypertension, such as reducing high levels of salt intake and 
obesity, increasing fruit and vegetable intake and promoting 
physical activity.

African ministries of health, in their leadership roles, are called 
to adopt the 10-point action plan and customise it at a country 
level using a multi-sectoral approach. PASCAR calls on NGOs, all 
fraternal organisations, healthcare leaders and other members of 
the international community to join in this ambitious endeavour 
to support efforts by African ministries of health in reducing the 
burden of hypertension in Africa. Effective advocacy towards policy 
makers and politicians in national governments is particularly 
encouraged.

Hypertension definitions
There is a graded relationship between blood pressure (BP) levels, 
as low as 115/75 mmHg, and cardiovascular disease (CVD) risk.1 
However, hypertension is defined as the BP level above which 
treatments have been shown to reduce clinical events in randomised 
trials, which is accepted as ≥ 140 mmHg systolic and/or ≥ 90 
mmHg diastolic BP. The classification of BP levels used for defining 
hypertension is presented in Table 1.

Hypertension burden in Africa
Hypertension has progressively become a major threat to the well-
being of people in sub-Saharan Africa (SSA). During the past four 
decades, the highest levels of BP worldwide have shifted from high-
income countries (HIC) to low- and middle-income countries (LMIC) 
in South Asia and SSA.2 The WHO estimates that the prevalence of 
hypertension is highest in the African region, with about 46% of 

adults aged 25 years and older being hypertensive.3 This compares 
to 35% in the Americas and other HIC and 40% elsewhere in the 
world.3

High hypertension rates, ranging from 19.3% in Eritrea to 39.6% 
in the Seychelles, were reported for 20 African countries in WHO 
STEPS (STEPwise approach to surveillance) surveys conducted between 
2003 and 2009.4 In a systematic review, the pooled prevalence in over 
110 414 participants aged ± 40 years in 33 surveys was 30% (95% 
confidence interval: 27–34%).5 In Africa, the number of people with 
hypertension increased from 54.6 million in 1990 to 92.3 million in 
2000, and 130.2 million in 2010. Under prevailing circumstances, 
this could increase to 216.8 million by 2030.6

Gap in the care versus opportunity to control 
hypertension
The PASCAR task force recommends key steps for appropriate office 
measurement (Fig. 1). BP-lowering strategies that have shown their 
efficacy in HIC are likely to succeed in Africa. In Table 2, a synopsis 
is provided of currently published treatment guidelines differing 
regarding treatment thresholds.

Table 1. Definitions of classes of raised blood pressure

Category 	 SBP (mmHg) 		  DBP (mmHg)
Optimal 	 < 120 	 	 < 80
Normal 	 120–129 	 	 80–84
High normal 	 130–139 	 or 	 85–89
Grade 1 hypertension (mild) 	 140–159 	 or 	 90–99
Grade 2 hypertension (moderate) 	 160–179 	 or 	 100–109
Grade 3 hypertension (severe) 	 ≥ 180 	 or 	 ≥ 110
Isolated systolic hypertension 	 ≥ 140 	 and 	 < 90

SBP, systolic blood pressure; DBP, diastolic blood pressure

Fig. 1. PASCAR recommendations for blood pressure measurement, thresholds and action required following appropriate office measurement.
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A simple and practical treatment algorithm using these thresholds 
is recommended (Fig. 2). Our schedule should consider patient 
costs (including transport and loss of wages because of time off to 
attend clinic visits), which affect treatment adherence and burden 
to the healthcare system.

Table 2. Blood pressure guidelines

				    ASH/ISH 	 AHA/ACC/	 US JNC 8	 South Africa
	 WHO PEN1 	 NICE 20112	 ESH/ESC 20133	 20144	 CDC 20135	 20146	 20157 	 Egypt 20138

Definition of	 ≥ 140/90	 ≥ 140/90 and	 ≥ 140/90 	 ≥ 140/90 	 ≥ 140/90	 Not addressed 	 ≥ 140/90 	 ≥ 140/90 (high risk) –
hypertension	 	 daytime ABPM	 	 	 	 	 	 150/95 (low risk) and
(mmHg)	 	 (or home BP)	 	 	 	 	 	 daytime ABPM (or
	 	 ≥ 135/85	 	 	 	 	 	 home BP) ≥ 135/85
Drug therapy in	 > 160/100 	 ≥ 160/100 or	 ≥ 140/90 	 ≥ 140/90 	 ≥ 140/90 	 < 60 years,	 ≥140/90 	 ≥ 140/90 for
low-risk patients	 	 daytime ABPM	 	 	 	 ≥140/90;	 	 high risk and
after non-pharmacological	 	 ≥ 150/95	 	 	 	 ≥ 60 years, 	 	 ≥ 160/100 for
treatment	 	 	 	 	 	 ≥ 150/90 	 	 low risk
(mmHg)	 	 	 	 	 	 	
First-line therapy 	 < 55 years, low-	 < 55 years,	 ACE inhibitor or	 Low-dose		  ACE inhibitor	 ACE inhibitor	 Any of diuretics, 
	 dose thiazide	 ACE inhibitor	 ARB; beta-blocker;	 diuretic		  or ARB;	 or ARB;	 betablockers,
	 diuretic and/or	 or ARB; ≥ 55	 CCB; diuretic	 	 	 CCB; diuretic	 CCB; diuretic	 CCB, ACEIs
≥ 60 years,	 ACE inhibitor;	 years or African	 	 	 	 CCB/diuretic	 CCB/diuretic	 or ARBs. preferably
	 ≥ 55 years, CCB	 ancestry, CCB				    in people	 in people	 a thiazide diuretic. In
	 and/or low-dose	 	 	 	 	 of African	 of African	 elderly (> 65 years) or
	 thiazide diuretic					     ancestry	 ancestry	 in blacks, start with
								        diuretic or CCB.
Beta-blockers as	 No 	 No (step 4) 	 Yes (in specific	 No (step 4) 	 No (step 3) 	 No (step 4) 	 No (step 4) 	 Yes, in specific e.g.
first-line drug	 	 subgroups)	 	 	 	 	 	 young, particularly
								        those with tachycardia
Diuretic 	 Thiazides, 	 Chlortalidone,	 Thiazides, 	 Thiazides,	 Thiazides 	 Thiazides,	 Thiazide or	 Thiazides,
		  indapamide	 chlortalidone,	 chlortalidone,		  chlortalidone,	 thiazide-like	 chlorthalidone,
	 	 	 indapamide	 indapamide	 	 indapamide	 (indapamide)	 amiloride or
								        spironolactone
Initiate drug	 Not mentioned	 Not mentioned 	 In patients with	 ≥ 160/100 	 ≥ 160/100 	 ≥ 160/100 	 ≥ 160/100 	 Diuretic + 
therapy with two	 	 	 markedly elevated	 	 	 	 	 beta-blockers/
drugs (mmHg)	 	 	 BP or patients with	 	 	 	 	 CCB/ACEIs/ARBs
	 	 	 high overall CV risk	 	 	 	 	 if BP > 170/105
Blood pressure	 < 140/90 	 < 140/90;	 < 140/90; elderly	 < 140/90;	 < 140/90;	 < 60 years, 	 < 140/90 	 < 150/95 in
target (mmHg)	 	 ≥ 80 years,	 < 80 years, SBP	 ≥ 80 years,	 lower targets	 < 140/90;	 	 low-risk
	 	 < 150/90	 140–150, SBP	 < 150/90	 may be	 ≥ 60 years	 	 patients and in 		
	 	 	 < 140 in fit patients;	 	 appropriate in	 < 150/90	 	 elderly (> 65 years).
	 	 	 elderly ≥ 80 years,	 	 some patients,	 	 	 < 140/90: ≥ 2 risk
	 	 	 SBP 140–150	 	 including the	 	 	 factors, CKD, TOD
	 	 	 	 	 elderly	 	 	 < 130/80: HF or CKD
								        when associated with
	 	 	 	 	 	 	 	 proteinuria > 1 g/24
								        hours.
Blood pressure	 < 130/80 	 Not addressed 	 < 140/85 	 < 140/90 	 < 140/90;	 < 60 years,	 < 140/90	  < 140/90 mmHg 
target in patients	 	 	 	 	 lower targets	 < 140/90;	 	 or < 130/80 if
with diabetes	 	 	 	 	 may be	 ≥ 60 years, 	 	 associated with
mellitus (mmHg)	 	 	 	 	 considered	 < 150/90	 	 proteinuria  
	 	 	 	 	 	 	 	 > 1 g/24 hours
ABPM, ambulatory blood pressure monitoring; ACC, American College of Cardiology; ACE inhibitor, angiotensin converting enzyme inhibitor; AHA, American Heart 
Association; ARB, angiotensin receptor blocker; ASH, American Society of Hypertension; BP, blood pressure; CCB, calcium channel blocker; CDC, Centers for Disease Control 
and Prevention; CKD, chronic kidney disease; CV, cardiovascular; ESC, European Society of Cardiology; ESH, European Society of Hypertension; ISH, International Society of 
Hypertension; NICE, National Institute for Health and Care Excellence; SBP, systolic blood pressure; TOD, target-organ damage; US JNC 8, Eighth US Joint National Committee; 
WHO PEN, World Health Organisation Package of Essential Non-communicable disease interventions.
1World Health Organisation. Implementation tools: package of essential non-communicable (PEN) disease interventions for primary healthcare in low-resource settings.
Available at: http://apps.who.int/iris/bitstream/10665/133525/1/9789241506557_eng.pdf. Accessed April 8, 2015.
2National Institute for Health and Care Excellence. NICE guidelines [CG127]. Hypertension: clinical management of primary hypertension in adults. Available at:  
www.nice.org.uk/guidance/cg127/chapter/guidance. Accessed April 8, 2015.
3Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for the management of arterial hypertension: the task force for the management of arterial hypertension 
of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur Heart J 2013; 34: 2159–2169.
4Weber MA, Schiffrin EL, White WB, et al. Clinical practice guidelines for the management of hypertension in the community a statement by the American Society of 
Hypertension and the International Society of Hypertension. J Hypertens 2014; 32: 3–15.
5Go AS, Bauman MA, Coleman King SM, et al. An effective approach to high blood pressure control: a science advisory from the American Heart Association, the American 
College of Cardiology, and the Centers for Disease Control and Prevention. J Am Coll Cardiol 2014; 63: 1230–1238.
6James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel members appointed to the 
Eighth Joint National Committee (JNC 8). J Am Med Assoc 2014; 311: 507–520. 
7Seedat Y, Rayner B, Veriava Y. South African hypertension practice guideline 2014. Cardiovasc J Afr 2014; 25(6): 288–194.
8The Egyptian Hypertension Society: Egyptian hypertension guidelines. Egypt Heart J 2014; 66(2): 79–132.

Because of the asymptomatic nature of hypertension, long-term 
medication adherence is poor. Patients and healthcare practitioners 
must be educated on non-pharmacological BP control methods 
(see Fig. 2). We encourage patient education using text messages, 
e-mails or social media (WhatsApp or Facebook), all of which are 

http://apps.who.int/iris/bitstream/10665/133525/1/9789241506557_eng.pdf
http://www.nice.org.uk/guidance/cg127/chapter/guidance
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Fig. 2. PASCAR hypertension treatment algorithm
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progressively available and affordable in Africa. We also encourage 
face-to-face education by traditional and religious leaders.

The discrepancy between best practice (based on highquality 
evidence) and the care provided in routine clinical practice is called 
the ‘care gap’. This includes situations in which interventions with 
proven efficacy are under-utilised. This description is most marked 
in Africa, where it is favoured by poverty and inadequate utilisation 
of existing resources. Despite strong evidence of the management 
benefit, this can reflect as poor awareness and control of CVD rates 
or risk factors.

Current data on awareness and hypertension control rates in 
SSA are from a wide range of studies differing in methodology 
and limiting the opportunity for reliable comparisons. However, 
available data show that the high prevalence of hypertension 
in Africa, as in other LMICs, is coupled with low awareness and 
control rates (Fig. 3), a reflection of a maximal care gap.5-8

In 2011, UN member states acknowledged at the highest 
international level that premature deaths from NCDs reduce 
productivity and curtail economic growth, causing significant social 
challenges in most countries.9 In 2015, the previous target of 25% 
reduction in rate of premature mortality from NCDs by 2025 was 
extended to a reduction of 33% by 2030, through prevention, 
treatment and promotion of mental health and wellbeing.10

Since 2004, the African Union, in a pro-active approach, named 
hypertension one of the continent’s greatest health challenges after 
HIV/AIDS. After more than a decade, this political enthusiasm, which 
is crucial for the development and implementation of any healthcare 
policy, has yet to be translated into public health action. The role 
of hypertension experts is key to facilitate the states’ action to 
adequately contain this threat. In a simple and practical hypertension 
policy, the PASCAR approach emphasises working in collaboration 
with all other stakeholders to set clear goals and define priority 
actions and minimum standards of African healthcare systems.

The World Heart Federation roadmap and other 
relevant initiatives
As part of the WHO’s target in reducing heart attacks and stroke 
by 2025, the World Heart Federation (WHF) launched a roadmap 
focusing on raised BP during the 2015 World Health Assembly 
in Geneva.11 Herein the routes are described towards reducing 
premature cardiovascular mortality rate by 25%,11 focusing on 
presenting practical steps for hypertension control. For effective 
hypertension control, four population groups were identified: 
people who are unaware of their BP status; those who are aware 
of having raised BP but it is uncontrolled; those who are aware of 
their raised BP, which is under control; and those who are aware of 
having normal BP.

After identifying the target population, practical steps are 
provided for improving hypertension management. These include 
opportunistic screening for awareness of BP status and effective 
drug treatment for high BP.

The use of generic antihypertensive medications rather than 
proprietary medications is encouraged, to substantially reduce the 
cost of care, but with a caveat for the need to ensure quality generic 
medications. Bearing in mind the holistic nature of healthcare 
delivery, this initiative identified health-system requirements to 
achieve BP management targets and include human, physical and 
intellectual resources, healthcare delivery, healthcare recipients, 
financing, and governance and information systems.

With global information technology tools available, the 
suggestion of using e-health, particularly m-health, for patient 
education is a very feasible approach in the guidelines. If well 
applied, this could be a useful tool in hypertension control. This 
roadmap is anticipated to substantially bridge the gap between HIC 
and LMIC in terms of hypertension management and control policy. 
The WHO Package of Essential Non-communicable (PEN) Disease 
Interventions for Primary Healthcare in Low-Resource Settings is 
an integrated approach to NCDs focusing exclusively on primary 
healthcare in low-resource settings.12

The WHF roadmap provides a global framework to reduce 
CVD mortality, focusing on evidence-based interventions. Strong 
emphasis is placed on health systems, cost-effectiveness and 
subsequent evaluation of programmes. Hypertension as a single 
risk factor, and an entry point to prevent CVD rather than the 
absolute-risk approach, provides a framework to identify roadblocks 
in implementing evidence-based interventions. Hypertension 
seldom occurs in isolation, co-existing with other CVD risk factors, 
contributing to the absolute-risk status.

The PASCAR roadmap strongly emphasises hypertension as a 
global health crisis and major threat. We hope that hypertension 
screening will increase in the next eight years, resulting in a paradoxical 
increase in the prevalence of hypertension. For this reason, the task 
force’s target is to increase treatment and control rates among the 
treated subjects by 25% in the SSA region by 2025.

We identified roadblocks to the control of hypertension in the 
African region and proposed solutions to these roadblocks, thus 
defining the best strategy to achieve this in SSA. Because the epidemic 
of NCDs is driven by globalisation, urbanisation, demographic trends 
and socio-economic conditions,13 interventions to reach our targets 
are required from the health sector and other governmental sectors, 
along with civil society and the private sector.

Therefore, guidance is provided for policy makers, healthcare 
professionals (nurses, general practitioners, family doctors, internists, 
cardiologists, nephrologists and other hypertension specialists), 
patients, the private sector and the public, including civil society, 
on controlling hypertension to reduce premature mortality from 
CVD. To guide the action of stakeholders, we also highlight the 

Fig. 3. Prevalence, awareness, treatment and control of hypertension in Africa. 
Numbers are from Ataklte et al. Burden of undiagnosed hypertension in sub-
Saharan Africa: A systematic review and meta-analysis.5
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importance of reaching minimum standards (Table 3) for the health 
systems of countries to achieve the 25% hypertension control 
target. Implementation of these solutions and suggestions on 
customising the overall strategy at a country level are discussed.

The WHF roadmap provides a general framework that could 
be useful for LMICs, however, to be implemented it should 
be customised according to the local context. With PASCAR’s 
leadership and the contribution of other professional organisations, 
this approach seems to be at the right time to turn the many 
hypertension challenges in Africa into immense opportunities. 
Although population-based strategies for lowering BP may be cost-
effective, they are not the focus of this roadmap, but we recognise 
these would be beneficial. 

Methods
In January 2014, panel members who were appointed to develop 
the PASCAR roadmap were invited to join the PASCAR task 
force on hypertension. Based on their expertise and leadership 
in hypertension, 41 nominees from 21 countries received 
invitations, with 95% responding positively. These experts included 
cardiologists, nephrologists, public health physicians, researchers 
(including clinical trialists), nurses, pharmacologists, evidence-based 
medicine specialists and guideline developers.

During the first face-to-face meeting held in Nairobi on 27 
October 2014,14 the group acknowledged the lack of a continental 
strategy to address the hypertension crisis. A decision was taken 
to develop a roadmap for the prevention and management of 
hypertension in Africa as a matter of urgency under the auspices 
of the WHF.

To customise the WHF BP roadmap for Africa, the core group 
performed a comprehensive literature search and communicated 
with the WHF from November 2014 to July 2015 via teleconference 
and e-mail. After receiving and comprehending the WHF roadmap 
document, task force members held a second face-to-face meeting 
in London on 30 August 2015, to make suggestions on its relevance 
and customisation. A detailed presentation of this roadmap 
was reviewed and discussed by PASCAR task force members, 
hypertension experts and leaders of hypertension societies via 
e-mail, with WHF feedback.

Development of a warehouse for African guidelines and clinical 
trials on hypertension was also reviewed. Finally, the steps in 
developing the African roadmap for reducing CVD mortality rates 
through BP control was planned.

The first draft of the PASCAR roadmap for hypertension 
management and control was presented in Mauritius on 4 October 
2015. Attendees were 13 presidents of national cardiac societies 
or representatives, the president of the International Forum for 
Hypertension Control and Cardiovascular Disease Prevention in Africa 
and representative of the International Society of Hypertension, 
a representative of the African Heart Network, members of the 
PASCAR task force on hypertension, and scientists from the WHF. 
The draft was reviewed and oral and e-mail comments were received 
from participants. The WHO PEN programme12 was compared with 
the PASCAR hypertension roadmap to ensure complementarity 
between the two documents.

The second version of the roadmap draft was submitted to a 
core group for internal review from October to December 2015. 
In March 2016, a selected group of hypertension experts from 12 
French-speaking countries met in Yaoundé to discuss the algorithm 

Table 3. Minimum care for hypertension management at each healthcare 
level in Africa

 		  Level of care 
	 Primary 	 Secondary 	 Tertiary

Basic staff, equipment,	 Trained health	 Medical	
test and medication	 worker or nurse	 Practitioner	 Specialist
Basic equipment
	 Automated blood pressure	 +++ 	 +++ 	 +++
	 devices, or calibrated
	 sphygmomanometer, either
	 mercury or oscillometric
	 plus appropriate cuffs
	 Home blood pressure		   + 	 +++
	 devices
	 Ambulatory blood	 	 +/– 	 +++
	 pressure devices 
	 Tape measure for waist	 +++ 	 +++ 	 +++
	 circumference 
	 Scale for weight 	 +++ 	 +++	  +++
	 Stadiometer for height	  +++ 	 +++	  +++
	 Standard 12-lead ECG		   ++	  +++
	 Glucometer 	 + 	 +++ 	 +++
	 Funduscope 		  ++	  +++
	 Stethoscope 	 +++	  +++ 	 +++
Basic tests
	 Urine dipsticks for	 +++	  +++ 	 +++
	 protein, blood and glucose 
	 Standard 12-lead ECG		   ++ 	 +++
	 recording
	 Glucometer strips for
	 testing glucose + +++ +++
	 Na+, K+ and creatinine	 + 	 ++ 	 +++
	 with calculation of eGFR 
	 Cholesterol 		  + 	 +++
	 Glycated haemoglobin	 + 	 ++ 	 +++
	 (HbA1c) 
	 Chest radiograph 	 	 +/– 	 +++
Basic medication classes with examples*
	 Thiazide or thiazide-like	 +++ 	 +++ 	 +++
	 diuretic (hydrochlorothiazide,
	 indapamide,
	 chlorthalidone)
	 Calcium channel blockers	 +++ 	 +++	  +++
	 (amlodipine, nicardipine,
	 long-acting nifedipine)
	 Angiotensin converting	 + 	 +++ 	 +++
	 enzyme inhibitor
	 (enalapril, lisinopril,
	 perindopril, ramipril)
	 Angiotensin receptor		  +++ 	 +++
	 blockers (candesartan,
	 valsartan, losartan)
	 Vasodilating beta-blockers		  +++ 	 +++
	 (nebivolol, bisoprolol,
	 carvedilol)
	 Spironolactone		   +++	  +++
	 Long-acting α-blocker		  +	  +
	 (doxazocin) 
	 Combinations of blood	 + 	 +++ 	 +++
	 pressure-lowering
	 medications

+++: strongly recommended; ++ moderately recommended, +: 
recommended; –: not done; +/–: done if facilities are available.  
*Availability of drugs at each level of care has been indicated and 
recommended here for initiation only, all drugs can be used once initiated by 
a medical practitioner.  
A trained healthcare worker may initiate and follow up some medication.



VOLUME 15 NUMBER 2 • NOVEMBER 2018	 81

SA JOURNAL OF DIABETES & VASCULAR DISEASE	 PASCAR ROADMAP

and the draft.15 Comments were received and the draft was 
amended.

The task force reviewed the final draft of the roadmap in Mexico 
in June 2016, which was then submitted for external peer-review by 
three independent experts in hypertension and policy development. 
The subsequent review was done by a group of experts in 
cardiology, nephrology, primary care and research (including clinical 
trials). Comments were reviewed and discussed by the panel and 
incorporated into a revised and final document.

PASCAR searches and surveys on the status of hypertension 
policy programmes and clinical practice guidelines
From May to July 2015, an internal PASCAR survey was conducted, 
aiming to determine which African countries ran hypertension 
control programmes focusing on policy. Using the Survey Monkey 
software tool,16 national hypertension experts from 40 countries 
were asked whether a hypertension policy programme was 
operating in their country and could be judged as being ‘dormant’, 
‘not much active’, ‘active’, or ‘very much active’.

Among the responders (n = 127) representing 27 SSA countries, 
we noticed that up to 63.7% did not have a hypertension policy 
programme or that it was dormant or not very active. This 
regrettable situation highlights the importance of a continental 
initiative to develop a hypertension policy to address BP control 
from a population-wide and high-risk approach.

Evidence has shown that explicit clinical practice guidelines 
(CPGs) do improve the care gap by providing practitioners and 
health-service users with synthesised quality evidence regarding 
decision-making.17 In another PASCAR study, we assessed the 
existence, development and use of national guidelines for the 
detection and management of hypertension in the African region, 
regardless of quality.

Between May and July 2015, CPGs for hypertension were 
searched, using a scientifically developed search strategy. Searches 

were done using Google and PubMed. Search terms included 
(country name) AND (hypertension OR HTN OR high blood pressure) 
AND (clinical practice guidelines OR treatment guide). French, 
Portuguese and Spanish translations were included in the search 
strategy.

Websites of ministries of health, national medical associations 
and the WHO were hand-searched, authors were e-mailed, and 
requests were sent on Afronets to obtain copies of CPGs for 
hypertension. To be included in the search, the CPGs had to be 
available and provided in full-text versions for assessment by the 
review team, comprising three independent authors. CPGs from 
Europe or South America or those that could not be obtained were 
considered non-existent. Two national hypertension experts were 
contacted for confirmation on countries for which we could not find 
CPGs on hypertension. CPGs published in peerreviewed journals 
needed to be readily accessed by end-users. E-mail messages were 
used for further clarification.

In Fig. 4, the 2015 map is presented of countries with clear 
evidence of the existence of national guidelines for detection 
and management of BP across Africa. Only 16 (25.8%) out of 62 
countries had CPGs complying with our search criteria. No evidence 
of CPGs on hypertension management could be found for the other 
46 (74.2%) countries. Given that the only existing multinational 
expert recommendations for the management of hypertension 
in Africa dates back to 2003 and has not been updated since,18 

we concluded that there is a legitimate, pressing need to support 
African ministries of health with a clear hypertension roadmap.

PASCAR roadmap to decrease the burden of hypertension 
in Africa
To reduce the incidence of CVD through treating hypertension 
in the African region, it will be necessary to increase the rates of 
detection, treatment and control of the disease. The 10 actions that 
need to be undertaken by African ministries of health to achieve a 
25% control of hypertension in Africa by 2025 (Fig. 4) are listed 
below and we include an explanation as to why (bullets) and how 
(dashes) this needs to be done.
1. 	 All NCD national programmes should additionally contain a 

plan for the detection of hypertension.
	 •	 The hypertension crisis has yet to receive an appropriate 

response in SSA.19

	 • 	 Incidence of hypertension increased by 67% since 1990 and 
was estimated to cause more than 500 000 deaths and 10 
million years of life lost in 2010 in SSA.20,21

	 • 	 Hypertension is the main cause of stroke, heart failure and 
renal disease in SSA.

	 •	 Stroke, which is a major complication of uncontrolled hyper-
tension, has increased to 46% since 1990 and essentially 
affects breadwinners.20

	 • 	 Failure to control hypertension and its economic repercussions 
through revising health policies and services endangers the 
economic prosperity of all African nations.22

	 –	 All SSA countries should have adopted and should follow 
the WHO global agenda of reducing NCDs by 2020.

	 –	 When reporting to the Ministry of Health and the WHO, 
stakeholders should report specifically on hypertension.

	 –	 National cardiac and hypertension societies should 
monitor the prevalence, awareness and control rates of 
hypertension and report to PASCAR.

	 –	 Government, private sector, academia and community 

Fig. 4. 2015 map of African countries with evidence of existing clinical 
practice guidelines for hypertension management and 10 actions to reduce the 
hypertension burden in Africa
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organisations should pay attention to this report and work 
together for a reduction in hypertension prevalence.

2. 	 Allocate appropriate funding and resources for the early 
detection, efficient treatment and control of hypertension.

	 • The costs of priority interventions for NCDs, including 
hypertension, have been shown to be small and countries 
are receiving global funds.

	 • 	 No new global funding is needed to implement the 10 
actions for controlling hypertension.

	 • 	 Comprehensive implementation to control hypertension and 
reduce salt intake is affordable in all countries.

	 • 	 The current increasing burden of uncontrolled hypertension 
is a barrier to the development of all African nations.

	 • 	 Funding to support civil society and health organisations 
will contribute to developing and implementing appropriate 
health policies to control hypertension.

	 • 	 Funding is needed to support dissemination of best practices 
to detect, manage and control NCDs within Africa.

	 –	  Increase healthcare budgets in Africa to align with the 
WHO global action plan of 2013–2020, which has already 
been adopted by all SSA countries.

	 –	 Realign existing funding with the emerging hypertension 
threat that SSA populations are experiencing.

	 –	 Dedicate a clear percentage of the health budget to 
hypertension policy.

	 –	 Use existing resources more efficiently.
	 –	 Develop innovative funding mechanisms, including 

additional alcohol and tobacco taxes.
	 –	 National cardiac and hypertension societies should 

monitor the hypertension/NCD-related budget every two 
years and advocate otherwise for improvement.

3. 	 Create or adopt simple and practical clinical evidence-based 
hypertension management guidelines.

	 •	 The role of simple and practical guidelines is crucial for 
managing NCDs at large, and hypertension specifically.

	 • 	 In 2015, only 25% of SSA countries had developed or adopted 
clinical guidelines for managing hypertension (Fig. 4).

	 •	 New scientific knowledge guides implementation and 
efficiency in developing guidelines according to the best 
actual practices.

	 –	 PASCAR will develop and regularly update continental 
guidelines with a simple care algorithm (Fig. 2) for 
detecting, treating and controlling hypertension. National 
cardiac societies are called upon to adopt or adapt to the 
country’s circumstances where appropriate.

	 –	 Alternatively, the WHO HEARTS technical package for 
CVD management in primary healthcare overtakes 
WHO PEN12 and provides a comprehensive CVD control 
approach,23 with the possibility of integrating hypertension 
as a risk factor.

	 –	 PASCAR has defined and will regularly update the 
minimum standards (Table 3) to control hypertension, 
which need to be achieved by each SSA country. Countries 
are called upon to adopt and implement these.

4. 	 Annually monitor and report the detection, treatment and 
control rates of hypertension, with a clear target of improvement 
by 2025, using the WHO STEPwise surveillance in all countries.

	 • 	 The success of all NCD interventions, including hypertension 
policy, will depend on how specific, measurable, achievable, 
realistic and time-bound the objectives are.

	 • 	 A framework for national and continental monitoring, 
reporting and accountability will ensure that the returns 
on investments in hypertension and other NCDs meet the 
expectations of all partners.

	 –	 The WHO STEPwise approach to NCD risk-factor 
surveillance should be strengthened in all African 
countries to report on detecting, treating and controlling 
hypertension annually.

	 –	 BP to be measured at all relevant clinical encounters.
	 –	 Regular representative population surveys are effective in 

monitoring trends of key risk factors and the uptake of 
priority interventions, such as the WHO STEPS approach 
to monitor NCD risk factors.

	 –	 National cardiac and/or hypertension societies should 
measure the level of coverage for some sentinel sites 
(communities, industries, primary healthcare centres, etc.) 
and report to PASCAR.

	 –	 National cardiac and/or hypertension societies should 
take responsibility for reporting progress in hypertension 
control, mobilising resources, developing policy and 
identifying best practices.

	 –	 The monitoring and reporting team in sentinel sites will 
ensure that people know their BP, hypertensives receive 
appropriate treatment, BP is controlled and they remain 
on treatment.

5.	 Integrate hypertension detection, treatment and control  
within existing health services, such as vertical programmes 
(e.g. HIV, TB).

	 •	 What the medical community learned from the large-scale 
management of TB and HIV/AIDS should be successful in 
managing hypertension.

	 –	 The government, private sector, academia and community 
organisations should work together to align plans for 
detecting, treating and controlling hypertension with 
other ongoing programmes.

	 –	 Emphasis should be placed on (1) standardised treatment 
protocols, (2) identification and availability of affordable 
and effective drugs, and (3) service delivery, as with TB 
and HIV programmes.

6.	 Promote a task-sharing approach with adequately trained 
community health workers (shift-paradigm).

	 •	 SSA carries 11% of the world population, 25% of the  
global burden of disease, with only 3% of the world’s health 
labour force, and has a global health expenditure of less 
than 1%.24

	 • 	 These health-worker shortages are a major barrier to 
controlling hypertension in Africa.

	 •	 Clear evidence exists that health staff without formal 
professional training can be adequately trained to effectively 
detect people with severe hypertension.25

	 •	 Using trained community health workers (CHW) to detect 
hypertension would free health professionals in Africa to 
treat and control the condition.

	 •	 Well-trained nurses, general and family physicians can 
adequately manage uncomplicated hypertension, freeing 
specialists for more severe cases.

	 –	 Design a course to train CHW in detecting hyper- 
tension, providing information and educating the 
community.

	 –	 Train 250 000 CHW to detect hypertension by 2025.
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	 –	 Design special courses reinforcing health staff capacity to 
manage hypertension.

	 –	 Use an online system to train at least 50 000 certified 
nurses and 25 000 certified general physicians to take 
appropriate decisions regarding detecting, treating and 
controlling hypertension by 2025.

	 –	 PASCAR and national cardiac societies will design the 
course, and national recertification may be required after 
training.

7. 	 Ensure the availability of essential equipment and medicines for 
managing hypertension at all levels of care.

	 • 	 Target 8 of the global action plan acknowledges the need 
to improve the availability of affordable BP machines and 
medicines for the poor.26

	 • 	 Target 9 of the global action plan is an 80% availability 
of affordable basic technologies and essential medicines, 
including generics, required to treat major NCDs in public 
and private facilities.26

	 • 	 Access to affordable and good-quality drugs for hypertension 
is important for all LMICs, and especially SSA.26

	 –	 Governments and societies should be willing to prioritise 
hypertension control and provide low-cost BP machines 
and medications.

	 –	 PASCAR and national cardiac and hypertension societies 
have adopted a hypertension treatment algorithm, 
suggesting the use of high-quality antihypertensive 
medications (Fig. 2).

	 –	 The ongoing randomised clinical trial, Comparing Three 
Combination Therapies in Lowering Blood Pressure in 
Black Africans (Creole), will provide more evidence-
based information on the most efficacious of three ‘free’ 
combinations of two antihypertensive agents on 24-hour 
ambulatory systolic BP.27

	 –	 PASCAR has defined minimum standards for BP 
machines and drug availability and affordability to control 
hypertension in Africa (Table 3).

	 –	 PASCAR and national cardiac and hypertension societies 
should strongly advocate making antihypertensive 
medica-tions available and more affordable to patients.

	 –	 Governments should encourage adding to and periodically 
updating the hypertension medications on their national 
essential medicine list.

	 –	 Governments should subsidise the cost of and remove 
import duties on these essential medications.

	 –	 Governments should put in place an efficient, highquality 
monitoring process of medicines.

	 –	 Donor organisations and pharmaceuticals should be 
engaged in making these medications affordable.

	 –	 PASCAR will regularly measure the proportion of the 
population with access to affordable, essential drugs in 
sentinel sites.

8. 	 Provide universal access and coverage for detecting, treating 
and controlling hypertension.

	 • 	 There are proven cost-effective lifestyle and medical 
interventions to prevent and manage hypertension. However, 
in Africa, uptake is still unacceptably low.3

	 • 	 Universal health coverage will be the main step forward 
to ensure that persons with hypertension have access to 
effective, affordable and accessible care.

	 –	 Governments must have the political will to acknowledge 

the hypertension crisis, and the commitment to convince 
their parliaments to approve budgets needed for universal 
coverage.

	 –	 Failure to implement universal coverage may result in 
increased healthcare expenditure on the complications of 
hypertension.

9. 	 Support high-quality research to produce the evidence that will 
guide interventions.

	 • 	 Data from randomised, controlled trials on hypertension 
management are lacking in SSA.

	 • 	 Research is vital in formulating a sound healthcare policy to 
evaluate the performance of interventions in hypertension 
control and take managerial decisions in the overall NCD 
policy.28

	 • 	 Research into hypertension in Africa should be essential, 
especially where it can inform resource-allocation decisions.

	 –	 African governments should encourage all multidisciplinary, 
multidirectional and collaborative approaches at national 
and international levels, and take a firm commitment to 
develop research guided through priority intervention, as 
suggested by the WHO.26

	 –	 National cardiac and/or hypertension societies should 
take responsibility for identifying research priorities, 
building national and international research networks and 
partnerships, and advocating for investment in research 
to support best practices.

	 –	 PASCAR, with its good continental research network, 
will continue taking the leadership for research training 
and funding while ensuring to develop and sustain 
research activities to guide cost-effective interventions for 
hypertension control.

10.	Invest in population-level interventions for preventing 
hypertension, such as reducing salt intake and obesity levels, 
increasing fruit and vegetable intake and promoting physical 
activity.

	 • 	 The relationship between BP and the risk of developing stroke 
or heart disease is ongoing, starting at a systolic pressure > 
115 mmHg.1

	 • 	 Hypertension is a preventable cause of morbidity and 
mortality.

	 • 	 High-quality evidence in non-acutely ill adults shows that 
reduced sodium intake reduces BP.29

	 • 	 These two previous facts highlight the importance of high 
risk and population-based strategies in BP management and 
control.

	 –	 Therefore, advocate for a healthy public policy and large 
national programme for hypertension prevention and 
control.

	 –	 Use national multi-sectoral policies and plans that 
specifically address physical activity and nutrition, 
including dietary salt, in preventing hypertension and 
NCDs.

	 –	 Wider implementation of successful governmental 
actions including smoke-free policies, marketing of 
unhealthy foods and alcohol, sin taxes (e.g. sugar taxes), 
and regulation of sodium content in processed foods.

How to adapt the PASCAR 10 actions at country level
This roadmap can be implemented as is or adapted to overcome 
local barriers and develop solutions that are more relevant to 
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specific national settings. In the latter case, we recommend that 
national roadmaps be developed, using a multi-sectoral approach 
in collaboration with inter-governmental organisations, heart health 
advocacy foundations, cardiovascular scientific organisations, 
healthcare leaders, providers from primary and specialised care, 
private-sector stakeholders and people affected by CVD.

Effective advocacy towards policy-makers and politicians in 
national governments is mandatory for success. Screening among 
politicians might be an effective way to increase awareness and 
encourage governments to act.

The PASCAR task force recommended the following steps:
• 	 Step 1: where applicable, national cardiac societies (otherwise 

national hypertension societies or cardiovascular specialists) 
should take the leadership to develop and convene a 
multisectoral coalition against hypertension. At this step, 
persuading the government and all other stakeholders to 
collaborate is essential.

• 	 Step 2: this coalition will then assess the epidemiological profile 
of hypertension and review and synthesise existing official 
data and published and unpublished literature. This step also 
includes a map of all existing policies.

• 	 Step 3: the coalition conducts policy dialogues with multiple local 
stakeholders. Local problems, specific barriers to hypertension 
control and potential solutions should be discussed and 
appropriate strategies selected according to context. At this 
step, it is important to understand existing policies and their 
current effect. Within the same nation, appropriate strategies 
may also need adaptation. Some stakeholders who will be 
invited to the policy dialogue include the ministry of health, 

various health sector staff (physicians and non-physicians), 
health workers, key opinion leaders such as politicians and 
religious people, and also alternative medicine specialists and 
traditional healers, who may have a significant influence on 
people with hypertension in some settings.

• 	 Step 4: the coalition develops a clear national strategy and time-
bound plan for detecting, treating and controlling hypertension.

The PASCAR coalition against hypertension takes responsibility for 
fostering the development of national roadmaps and supporting 
national cardiac and hypertension societies at all levels.

Conclusions
Although there is significant scientific evidence that costeffective 
lifestyle and medical interventions could control hypertension and 
prevent health-threatening complications, such as heart disease and 
stroke, the African region still bears a very high disease prevalence, 
coupled with poor rates of detection, treatment and control. This 
context is a barrier to the achievement of the universal global action 
plan and gives reasons for urgent action.

The PASCAR task force on hypertension roadmap was conceived 
by a variety of leaders and stakeholders in the field to provide the 
most appropriate strategy to have 25% control of hypertension by 
2025. The roadmap identifies major barriers to disease control and 
priority areas of intervention, and 10 actions to improve the control 
of hypertension by 2025 are proposed. The most important steps 
to put forth in this continental roadmap include:
1. 	 Advocate for government leadership and policy.
2. 	 Allocate funding and resources.
3. 	 Design simple and practical guidelines.
4. 	 Promote large-scale screening.
5. 	 Integrate hypertension detection, treatment and control in all 

existing programmes.
6. 	 Promote task sharing and expand the scope of practice.
7. 	 Promote the use of inexpensive, good-quality BP machines and 

generic medications.
8. 	 Promote universal coverage for hypertension diagnosis and 

management.
9. 	 Support high-quality research to produce the best evidence for 

interventions.
10.	Invest in population preventive measures.
This is a unique moment in history for the African CVD community 
to have worked with global leaders in the field in defining a 
clear agenda to address the hypertension crisis. Support for this 
programme from the African Union and all stakeholders will 
help achieve the WHO global action plan of 2013–2020 for NCD 
reduction, specifically focusing on heart attack, stroke and other 
CVDs. The WHO and other UN organisations will support national 
efforts with upstream policy advice and sophisticated technical 
assistance, ranging from assisting governments to setting national 
targets in implementing relatively simple steps, which can make a 
huge difference.
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Diabetes News
News from the 2018 Cape Town World Congress of Internal Medicine
Why hypertension matters: the silent killer

Launching the 2018 World Congress of 
Internal Medicine (WCIM), the South 

African Hypertension Society (SAHS) 
hosted a media brief on the importance 
and urgency of detection and management 
of hypertension. ‘Findings from global and 
South African cohorts show critically low 
awareness of hypertension...’ This message 
from Dr Martin Mpe, president of the SAHS, 
underscores the fact that hypertension is 
the most important preventable cause of 
morbidity and mortality worldwide.1

The importance of blood pressure as a 
risk factor for cardiovascular disease is long 
recognised. Hypertension is causally linked 
to stroke, myocardial infarction, end-stage 
kidney disease, congestive heart failure, 
peripheral vascular disease and blindness. 
Inadequate control of blood pressure is 
responsible for 60% of strokes globally 
and 30% of ischaemic heart disease.1 
Hypertension is also related to dementia 
and sexual dysfunction. 

Treatment adherence (medicine, diet, 
lifestyle) to control hypertension is crucial 
and Dr Mpe noted that ‘...poor adherence 
is of no benefit and is the same as doing 
nothing,’ with only one-third of treated 
patients achieving target. It is, however, 
problematic that the target population 
that should benefit from advances in 
hypertension treatment are not even aware 
of their blood pressure levels. 

There are no symptoms of hypertension, 
‘the silent killer’, and this can hinder 
diagnosis. Sub-Saharan Africa has a burden 
of 73% undiagnosed hypertension.1 
In 2010, 40% of South African adults 

older than 25 years showed measured 
hypertension.2 South African demographic 
and health survey figures from 2016 
indicate a prevalence of hypertension of 
46% in women and 44% in men older 
than 15 years.3

Awareness is the gateway to improved 
blood pressure control. The International 
Hypertension Society (IHS) introduced May 
Measurement Month in 2017, to raise 
awareness of the importance of measuring 
blood pressure. Prof Alta Schutte, president 
of the IHS, elaborated on the survey 
outcomes. Of 1.5 million people screened 
from 89 countries (including South Africa) 
during May 2018, 18.4% were found to 
have high blood pressure that was untreated, 
and 40.4% of those on treatment were not 
controlled to target (unpublished data). 
South African data from the 2017 survey 
shows that 56% of those on treatment are 
not adequately controlled.4

Our older population
While increasing age is a risk factor for 
hypertension, and although the size 
of the older population is increasing, 
relative global prevalence of hypertension 
continues to climb. Prof Neil Poulter, 
Oxford, UK, points out that lifestyle is 
key in the prevention and management 
of hypertension. As populations develop, 
there is a shift in lifestyle towards reduced 
physical activity, an increase in alcohol and 
tobacco consumption, unhealthy eating 
habits, using too much salt and being 
overweight, all of which are risk factors for 
hypertension.5

With 1.56 billion people predicted to 
have hypertension by 2025, the urgency 
to detect and manage this condition 
is paramount for non-communicable 
disease management. Prof Brian Rayner, 
Hypertension Institute, UCT, recommends 
that individuals be encouraged to know 
their own blood pressure numbers. Blood 
pressure monitoring is a simple procedure, 
using many validated devices available 
on the market. Servier Pharmaceuticals 
sponsored the May Hypertension 
Awareness campaign and an educational 
video for patients and practitioners on how 
to correctly measure blood pressure.

Source: DeNovo Medica
www.denovomedica.com
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How to deal with the mass killer, hypertension 

High blood pressure is the single biggest 
contributor to the global burden of 

disease, with hypertension leading to 10.7 
million deaths every year.1 Most worrying is a 
recent global study showing that on average, 
more than half of those affected don’t know 
they have it.2 Because cardiovascular disease 
affects a third of adults in the world, it is the 
largest epidemic ever known to mankind.3

With mortalities increasing year on year, 
awareness, and therefore treatment and 
control rates, have been shown to worsen 
as the economic status of populations drop.2 
Prof Neil Poulter, immediate past president 
of the International Society of Hypertension 
(ISH), says that between the highest-
income countries and the lowest, there 
was an 8.2% drop in awareness, a 15% 
drop in treatment rates and a 6.3% drop in 
control. This prompted the ISH to mount an 
unprecedented global blood pressure (BP) 
awareness campaign during May last year.4 

Speaking at the 34th World Congress of 
Internal Medicine (WCIM) that was held in 
Cape Town in October, Prof Poulter said an 
earlier study showed that just 46.5% of 57 
840 hypertensive people canvassed knew 
they had hypertension, followed by a dramatic 
drop off between those treated (40.6%) and 
those controlled (13.2%). In the subsequent 
global ISH screening and awareness initiative, 
dubbed ‘May Measurement Month’ (MMM, 
2017), volunteers screened over 1.2 million 
people in 80 countries. They uncovered over  
150 000 people with untreated raised BP 
(17.3% of those untreated) and over 100 
000 with treated but uncontrolled BP (46.3% 
of those treated). The ISH went one better 
this year, screening over 1.5 million people 
in 89 countries and detecting over 220 000 
with untreated raised BP (18.4% of those 
untreated) and over 110 000 with treated 
but uncontrolled BP (just 40.4% of those 
treated). 

He described the MMM campaigns as 
a major success and a ‘heart-warming, 
fantastic volunteer effort.’

Take-home lessons
‘So, we need to put screening in place and 
provide suitable drugs – most people are 
not getting enough drug combinations. 
You need two or more drugs to manage 
hypertension properly,’ said Prof Poulter.

Drug guidelines are confusing, differing in 
the European Union, America and Britain, with 

different drug combinations recommended 
for different race groups. Prof Poulter favours 
the British combination-drug guidelines.

‘Our problem is that world-wide we 
don’t know what the best combinations 
are. We know that patients need at least 
two drugs, sometimes three, ideally in a 
single pill, for the best outcomes. A single 
(combination-drug) pill gives more effective 
and rapid BP control than monotherapy 
and two ‘free’ drugs. You get reduced side 
effects, enhanced adherence, improved 
cardiovascular protection and they’re more 
cost-effective,’ said Prof Poulter.

Prof Poulter has just completed a major 
trial of three different two-drug combinations 
for lowering BP in black Africans in six sub-
Saharan countries (the CREOLE study), with 
definitive but yet-to-be-released results. He 
said he hopes to present them ‘somewhere 
prestigious’ early next year.

‘We now know what works for black 
Africans. Our primary end-point was to lower 
ambulatory systolic BP after six months,’ he 
revealed, while keeping tight-lipped about 
the much-anticipated findings.

Clearing up muddy treatment waters
In two slightly differing presentations to the 
Cape Town WCIM, Prof Poulter reviewed 
existing combination-drug trials and decried 
the American lower treatment threshold BP 
guideline of 130/80 mmHg. He said that 
although the SPRINT study, which influenced 
this lower threshold, had reported lower rates 
of fatal and non-fatal major cardiovascular 
events from any cause, at systolic BP targeted 
to < 120 mmHg, the Americans measured BP 
‘in a way nobody does in this room – they 
used a machine with the patient alone in a 
back room, which gives lower BPs than those 
measured in your clinics.’ He recommends 
sticking with the higher 140/90 mmHg 
diagnostic threshold for hypertension.  

Meanwhile, reports in the prestigious 
Lancet and British Medical Journal differ 
over the BP targets recommended. What 
guidelines in the world tend to agree on, 
he said, was that treating with two drugs as 
initial therapy was the way to go. Just two 
drugs in a single tablet has already improved 
compliance by 21%. If a patient was above 
a certain level of risk, they should also be on 
a statin, regardless of cholesterol levels, until 
at least 80 years of age, he added. 

Prof Poulter’s conclusions from the ACE 

inhibitors vs ARB controversy in managing 
hypertension are that individual trial data 
and meta-analyses are relatively consistent 
in showing the superiority of ACE inhibitors. 
ARBs are better tolerated but do not reduce 
mortality rate or cardiac events as well as 
ACE inhibitors and should be used if patients 
cough on ACE inhibitors. Prof Poulter 
concluded his presentation with a telling 
cartoon of an obese man, with a frothy pint 
of beer in one hand and a cigarette butt in 
his mouth, sticking his hand through a hole 
in a wall, on the other side of which, an 
unseeing doctor measures his BP and puts 
pills in an outstretched palm.

Session moderator, Prof Sajidah Khan, an 
interventional cardiologist at the Gateway 
Private Hospital in Umhlanga, said that in 
the very country that most funds prevention 
(North America), the sale of ultra-processed 
foods this year rose by 2.3% compared to a 
71% increase in Africa and Eastern countries. 
Simultaneously, the revenue growth for the 
world’s biggest tobacco retailer, Philip Morris, 
rose by 2.8%. It was therefore unsurprising 
that 80% of all cardiovascular disease 
occurs in lower- to middle-income countries. 
The damaging myths about statins paled by 
comparison with this.

Prof Brian Rayner, head of the Division of 
Nephrology and Hypertension at the Groote 
Schuur Hospital and University of Cape Town, 
said a three-pill regimen would address 
huge unmet needs in South Africa and the 
continent. He said up to 90% of hypertensive 
South African patients remain untreated and 
agreed with Prof Poulter that the American 
guidelines, ‘have set us back and created 
confusion in the definition of hypertension – 
there’s a big difference between a target and 
the definition,’ he added.
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Evolving evidence about diet and health

Nutritional research initially focused 
almost entirely on conditions of 

nutritional deficiencies (e.g. scurvy, beriberi, 
pellagra). By the 1950s, with the increase 
in coronary heart disease in high-income 
countries, attention shifted to a range of 
so-called diet–heart hypotheses.

These included the putative and harmful 
effects of fats (especially saturated fats) 
and the protective effects of the so-called 
Mediterranean diet to explain why 
individuals in the USA, northern Europe 
and the UK were more prone to coronary 
heart disease, whereas those in European 
countries around the Mediterranean (or 
Japan) seemed to have lower risks. 

Some of the initial studies were 
enormously influential while undergoing 
limited scrutiny as to the rigor of their 
methods. The lack of replication of these 
early claims should have prompted caution 
and re-examination of whether fats 
(especially saturated fats) were indeed 
harmful.

More recently, studies using standardised 
questionnaires, careful documentation 
of outcomes with common definitions, 
and contemporary statistical approaches 
to minimise confounding have generated 
a substantial body of evidence that 
challenges the conventional thinking that 
fats are harmful. Also, some populations 
(such as the US population) changed their 
diets from one relatively high in fats to one 
with increased carbohydrate intake. This 
change paralleled the increased incidence 
of obesity and diabetes. 

The focus of nutritional research has 
recently shifted to the potential harms of 
carbohydrates. Indeed, higher carbohydrate 
intake can have more adverse effects on 
key atherogenic lipoproteins (e.g. increase 
the apolipoprotein B-to-apolipoprotein A1 
ratio) than can any natural fats. Additionally, 
in short-term trials, extreme carbohydrate 
restriction led to greater short-term weight 
loss and lower glucose concentrations 
compared with diets with higher amounts 
of carbohydrate. 

Robust data from observational studies 
support a harmful effect of refined, high-
glycaemic-load carbohydrates on mortality. 
The realisation that cardiovascular disease 
is a global epidemic, with most cases 
occurring in developing countries, has 
also stimulated studies involving multiple 

countries at different economic levels. 
Last year, the Prospective Urban Rural 

Epidemiology (PURE) study of 135 335 
individuals from 18 countries in five 
continents showed that a diet high in 
carbohydrates (more than approximately 
60% of energy) but not high in saturated 
fats, was associated with higher risk of 
death. However, in PURE, even the group 
with the highest level of fats (i.e. quintile 
5; mean total fat intake 35% of energy, 
and saturated fat intake 13% of energy) 
was not as high as the average in studies 
from Finland (37 and 20%, respectively), 
Scotland (37 and 17%, respectively), or the 
USA (38 and 16%, respectively), done in 
the 1960s and 1970s. 

Therefore, a marked reduction in fat 
intake in several countries might have 
occurred over the past few decades in 
several countries. It is not clear that further 
reductions in dietary fat intake will lead to 
reductions in incidence of disease. 

In countries (or individuals) with high 
carbohydrate intakes, limiting intake could 
be beneficial. In a recent issue of The 
Lancet Public Health, Sara Seidelmann and 
colleagues examine the 25-year follow-up 
data from the Atherosclerosis Risk in 
Communities (ARIC) study and place their 
findings in the context of a meta-analysis 
of published studies about carbohydrate 
intake. 

The authors concluded that the 
epidemiological association between 
carbohydrate intake and death is 
U-shaped, with the lowest risk occurring 
with a carbohydrate intake of 50–55% of 
energy, and with both lower and higher 
intakes being associated with higher risk 
of death (hazard ratio 1.20, 95% CI: 1.09–
1.32 for low carbohydrate consumption; 
1.23, 1.11–1.36 for high carbohydrate 
consumption). Such differences in risk 
associated with extreme differences in 
intake of a nutrient are plausible, but 
observational studies cannot completely 
exclude residual confounders when the 
apparent differences are so modest. 

Based on first principles, a U-shaped 
association is logical between most essential 
nutrients versus health outcomes. Essential 
nutrients should be consumed above 
a minimal level to avoid deficiency and 
below a maximal level to avoid toxicity. This 
approach maintains physiological processes 

and health (i.e. a so-called sweet spot). 
Although carbohydrates are technically not 
an essential nutrient (unlike protein and 
fats); a certain amount is probably required 
to meet short-term energy demands during 
physical activity and to maintain fat and 
protein intakes within their respective 
sweet spots. 

On the basis of these principles, moderate 
intake of carbohydrate (e.g. roughly 50% of 
energy) is likely to be more appropriate for 
the general population than are very low 
or very high intakes. This would translate 
to a generally balanced diet that includes 
fruit, vegetables, legumes, whole grains, 
nuts, fish, dairy and unprocessed meats, all 
in moderation.

The findings of the meta-analysis should 
be interpreted with caution, given that 
so-called group thinking can lead to biases 
in what is published from observational 
studies, and the use of analytical 
approaches to produce findings that fit in 
with current thinking. The ideal approach 
to meta-analysis would be a collaboration 
involving investigators of all the large 
studies ever done (including those that 
remain unpublished) that have collected 
data about carbohydrate intake and clinical 
events, and pool the individual data using 
transparent methods. This approach is likely 
to provide the best and most unbiased 
summary of the effects of carbohydrates on 
health, rather than reliance on the results 
of any single study.

Future observational studies should 
also consider new methods, which include 
triangulation, to assess whether there is a 
coherent pattern of information about the 
links between consumption of a nutrient, 
such as carbohydrates, with a panel of 
physiological or nutritional biomarkers and 
clinical outcomes. When appropriate, this 
approach should be complemented by large 
and long-term clinical trials investigating 
the effects of different dietary patterns 
(constructed from information about the 
effects of individual nutrients and foods), 
because the effect of individual nutrients 
is likely to be modest. When coherent 
information emerges from different 
approaches and is replicated, this will form 
a sound basis for robust public health 
recommendations.

The Lancet Public Health 2018; 3(9): e408–409.
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