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1  | INTRODUCTION

1.1 | Hypertension in Africa

Globally, hypertension is associated with 9.4 million deaths each 
year.1 In 2010, hypertension was identified as the single greatest risk 
factor for death and disability.1 In 2000, 26.4% of the adult popula-
tion globally had hypertension and this figure is estimated to increase 
to 29.2% by 2025.2 Until recently, it was considered that conditions 
such as hypertension and diabetes were diseases of the developed 
world, and the focus in developing countries remained on infectious 
diseases such as HIV and malaria. However, in a recent review of hy-
pertension in Africa, Adeloye and Basquill3 reported that the pooled 
prevalence of hypertension in adults in Africa had risen from 19.7% 
in 1990 to 27.4% in 2000 and 30.8% in 2010. The number of cases in 
2030 was projected to be 216.8 million. A growing and ageing popu-
lation, urbanization, and increased uptake of a more western diet and 
lifestyle are all factors that are thought to have contributed to this 
rise.3

1.2 | Hypertension and end organ damage

Over time, chronic, sustained hypertension can result in a process of 
vascular remodelling whereby hypertrophy and hyperplasia of vascu-
lar smooth muscle and fibrosis of vessel walls leads to reduced blood 
flow and under-perfusion of organ tissue, resulting in organ damage. 
Commonly affected organs are the brain (increased stroke risk, cogni-
tive decline), heart (left ventricular hypertrophy [LVH]), kidneys (renal 
impairment), eyes (hypertensive retinopathy), and extremities (periph-
eral arterial disease [PAD] and arterial stiffening).4 The combination of 
these effects is often referred to as end organ damage (EOD).

Given the increased potential for late diagnosis and delayed treat-
ment and the influence of genetic and lifestyle factors, patterns of 
EOD are likely to vary substantially in sub-Saharan Africa (SSA) com-
pared to those seen in high-income countries. However, very few 
studies have been published on the prevalence and patterns of hyper-
tensive EOD in SSA. The most substantial evidence base comes from 
Nigeria, where LVH, renal impairment, and cerebrovascular disease are 
consistently reported as the most common forms of EOD. In a tertiary 
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hospital in Nigeria in 2007, Ayodele et al5 reported high rates of EOD 
amongst 147 newly diagnosed hypertensives (mean age: 56 years). 
Most common were LVH (42.2%) and chronic kidney disease (23.8%). 
Cerebrovascular disease (10.9%), symptomatic heart failure (8.8%), ad-
vanced retinopathy (2.7%), and transient ischaemic attack (1.4%) was 
also reported. Busari et al reported similar results when he screened 96 
hypertensives and age-matched controls that were attending a clinic 
in Nigeria. Significantly higher rates of microalbuminuria (a known 
marker for vascular damage) were noted in hypertensives compared 
to controls (32.3% and 6.3%, respectively).6 In 2014, Nelissen et al7 
published data from screening of 375 rural-dwelling Nigerians, 52% of 
whom were hypertensive. The prevalence of some form of EOD was 
32% amongst the hypertensives, with 15.9% having LVH, 10.8% having 
had myocardial infarction, and 6.6% having impaired glomerular filtra-
tion rate (GFR). This was in comparison to 15.4% of non-hypertensives 
with EOD. Whether the individuals were treated for hypertension or 
not made no significant difference to rates of EOD. However, the age 
differences between hypertensives and non-hypertensives were sub-
stantial, with the majority of hypertensives aged over 65 years and the 
majority of normotensives aged 18-44 years. These results support 
those of Oladapo et al8 who investigated 415 hypertensives living in 
rural Nigeria (mean age: 46.9 years), of whom 27.9% had LVH, 15.2% 
had evidence of renal impairment (proteinuria), 6.3% had history of 
stroke, and 3.6% had a previous diagnosis of PAD. No comparison 
was made with normotensives. In the Democratic Republic of Congo, 
Kabedi et al9 found high rates of EOD amongst hypertensives (53.6% 
had LVH, 31.8% had chronic kidney disease and 17.6% had a previous 
stroke), supporting the findings from Nigeria. Studies in Ethiopia and 
Ghana have also been conducted, with renal impairment, stroke, and 
LVH common in hypertensives.10-12

However, the majority of studies are carried out in outpatient clin-
ics and large proportions of the population of SSA do not have access 
to such facilities and so the cohorts are likely to be unrepresentative of 
the background population. As organizations such as the World Health 
Organization push for early intervention to prevent the growth of the 
global endemic of non-communicable disease, it is important that we 
develop a thorough understanding of the impact of hypertension on 
populations in low-income settings.

1.3 | Aims

We aimed to establish the effect of hypertension at the organ level by 
measuring the prevalence of EOD in a cohort of community-dwelling 
older adults living in rural Tanzania.

2  | METHODS

Ethical approval for baseline assessment and follow-up was obtained 
from the National Institute of Medical Research (NIMR), Dar-es-
Salaam, Tanzania. Informed written consent was obtained from all 
participants. Participants gave a signature, or a thumbprint if they 
could not read and write. For those who were not able to consent 

due to cognitive impairment, poor hearing, or poor vision, assent was 
gained from a close relative.

2.1 | Timing, setting, and study population

This was a follow-up study of a sub-sample of a cohort of 2232 people 
aged 70 years and over who were seen at baseline in 2009/10, and 
also in 2012/13. Data from the baseline assessments and the 2013 
follow-up have been published.13,14 The 6-year follow-up data were 
collected between 29th February and 13th May 2016. The base-
line cohort was recruited from 12 randomly selected villages within 
a Demographic Surveillance Site (DSS) in the rural Hai District of 
Northern Tanzania. The economy of the area is largely based on agri-
culture and this is usually at a subsistence level. Some crops, such as 
coffee, tomatoes, and fruit are grown for sale in more fertile areas. 
Based on census data from June 2009, at baseline assessment, 8869 
people aged ≥ 70 years old lived within the 52 villages in the DSS, ac-
counting for 5.5% of the total population.13

For this 6-year follow-up, data were collected from 2 of the vil-
lages, randomly selected from the original 12. Due to resource lim-
itations and time constraints, not all the participants in both villages 
could be followed up. All baseline participants were followed up from 
one of the villages and approximately 50% of baseline participants 
from the second village. In the second village, a statistician randomized 
participants into blocks of 30 (WKG). Half of the randomised blocks 
were followed up as a way of minimising selection bias.

2.2 | Assessments

We used local village enumerators to identify the participants to be 
seen. Assessments were conducted either at the local health clinic, 
or at the participant’s home depending on their health and ability to 
travel. Any participant who failed to attend clinic after 3 invitations, or 
who refused to be seen at home, was considered to have refused par-
ticipation. For those participants who were found to have died since 
the previous follow-up, mortality data were sought from the village 
enumerators.

Two UK medical students (HP and RJ), enumerators, and an ex-
perienced translator collected data. All interviews were conducted in 
Swahili or the local tribal language (Chagga) and translated into English 
by the translator. The same translator was used for every interview. 
Given the rural setting of this study, invasive procedures and proce-
dures requiring non-portable technical equipment were not possible.

2.2.1 | Demographics, lifestyle, and self-reported 
health status

Demographic data were collected. Assessment of alcoholic unit intake 
can be difficult in this region. The most common alcoholic drink is 
“mbege,” a local beer brewed from bananas using homemade equip-
ment. As such, its strength varies enormously. Therefore drinking 
status was recorded simply as current (within the last 12 months), pre-
vious or never. Since the strength of cigarettes also varies depending 
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on the source of tobacco, the same categorisation was used for to-
bacco smoking. The interview also involved a brief medical history, 
including history of medication use and current and past medical 
problems. Patients were asked directly if they had noticed any recent 
problems with their vision, breathing or any chest pain.

2.2.2 | Seated blood pressure measurement

Blood pressure (BP) was measured in accordance with the WHO 
STEPwise Approach to Surveillance (STEPS) protocol.15 After 5 min-
utes of sitting quietly, BP was recorded from the supported right arm, 
in the seated position with an appropriately sized cuff. Three meas-
urements were taken, with 1 minute between measurements. An 
average was taken of the second and third measurements and this 
was recorded as the patient’s BP. In cases where there was a marked 
discrepancy between the second and third readings (> 20 mm Hg sys-
tolic or > 10 mm Hg diastolic) further measurements were taken until 
2 consistent readings were available. All BP readings were taken using 
a calibrated A&D Medical UA-1020 Digital BP Monitor. Hypertension 
was defined in alignment with current UK National Institute for 
Health and Care Excellence (NICE) guidelines as average systolic 
BP ≥ 140 mm Hg, average diastolic BP ≥ 90 mm Hg or currently taking 
antihypertensive medication.16 An additional cutoff for grade II hyper-
tension or above (average systolic BP ≥ 160 mm Hg, average diastolic 
BP ≥ 100 mm Hg) was also used.

2.2.3 | Ankle-brachial pressure index (ABPI)

ABPI measurement was carried out with the patient in a comfortable 
lying position, and having rested for 5 minutes. Brachial systolic pres-
sure was measured using a NCD CE 0120 medical professional aner-
oid sphygmomanometer with an appropriately sized cuff and a Diaped 
Flux BT200 vascular Doppler machine. This was repeated on the op-
posite arm and on both ankles, taking Doppler readings from both the 
posterior tibialis and dorsalis pedis pulses. The ABPI was calculated 
for each ankle by dividing the highest brachial pressure by the highest 
of the 2 ankle pressures on that side. An ABPI of ≤ 0.9 in either limb 
was considered to be indicative of PAD, in alignment with NICE guide-
lines, and a score of ≥ 1.3 in either limb was considered suggestive of 
arterial stiffening. In a literature review it was concluded that, as a 
diagnostic measure of PAD, an ABPI of 0.90 or less was highly specific 
(83% to 99%), but sensitivity varied hugely (15% to 79%).17 Sensitivity 
was noted to be lower in older individuals. One proposed explanation 
for the reduced sensitivity in elderly people is that higher rates of arte-
rial wall calcification can lead to an overestimation of arterial pressure.

2.2.4 | Lying to standing blood pressure 
measurement

Whilst lying down, a BP reading was taken from the right arm using 
the same automated BP monitor. The participant was then asked to 
stand as quickly as they safely could, with support or assistance if 
needed, and further BP measurements were recorded at 30 seconds, 

1, 2, and 3 minutes after standing. In some circumstances, due to the 
relative immobility of the participant, some readings were missed. In 
those unable to stand, a sitting BP was recorded in the same fash-
ion where possible. Orthostatic hypotension was defined using lying-
standing BP as a drop in systolic BP of ≥ 20 mm Hg or in diastolic BP 
of ≥ 10 mm Hg.

2.2.5 | Electrocardiogram (ECG)

Resting 12-lead ECGs were recorded using a GE MAC 1200™ machine 
LVH was defined using the Sokolow-Lyon criteria as the sum of the 
amplitude of the S wave in V1 and the larger of the R waves in either 
V5 or V6 being greater than 35 mV.18 The diagnosis of LVH on ECG 
using the Sokolow-Lyon criteria has been shown to be highly specific 
(> 90%), although sensitivity is moderate to poor (range 20%-60%).19

2.2.6 | Urine sample analysis

All participants were asked to produce a midstream urine sample, 
which was analysed for protein using Siemens Multistix 10 SG urine 
dip strips as soon after the sample was taken as possible. Proteinuria 
was defined as a protein finding on urine dip of trace or higher in the 
absence of fever or other markers of urinary tract infection (ie, raised 
nitrites and leukocytes).

2.2.7 | Cognition

Cognition was assessed using the IDEA cognitive screen. The screen 
has 6 items and takes 10-15 minutes to administer. It has been vali-
dated for use in this setting.20,21 A score of ≤ 7 is the recognised cutoff 
for probable dementia.

2.3 | Statistical analysis

Data analysis was supported by SPSS for windows version 21. Data 
were summarised using standard descriptive statistics (eg, frequency, 
mean, median) as appropriate. When comparing 2 groups, statistical 
significance was assessed using Chi-square tests for categorical varia-
bles and Mann-Whitley U test for continuous variables, none of which 
were suitable for parametric analysis. For the purposes of this study, 
sustained hypertension was defined as having hypertension at grade 
I or above at all 3 assessments (2010, 2013, and 2016). An additional 
cutoff of hypertension at grade II or above at all 3 assessments was 
used in secondary analysis to investigate the role of moderate/severe 
hypertension compared to mild/no-hypertension. Data were missing 
for 15 BP recordings in 2013. Only 1 person had missing BP data in 
2016 and they also had missing data in 2013. In these cases data were 
imputed using the value from the previous recording. Using this tech-
nique, 8 of 15 subjects were identified as sustained hypertensives.

Binary logistic regression analysis was used to assess the influ-
ence of potentially confounding variables on the role of sustained 
hypertension in EOD. All markers for EOD that were associated with 
sustained hypertension at either of the 2 hypertension cutoffs at the 
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10% significance level were investigated. Five-year age band, sex, ed-
ucational level (any formal education, no formal education), smoking 
status (current, former, never), alcohol consumption (current, former, 
never), and weight were forced into the model as covariates. Statistical 
significance was set at 5%, unless stated otherwise, and two-sided 
tests used throughout.

3  | RESULTS

In the 2 villages, of the 663 people assessed at baseline in 2010, 82 
were known to have died by March 2013 and so 581 were potentially 
available for follow-up in 2016, of whom 412 were randomised for 
follow-up and 246 were assessed. The study recruitment process is 
summarised in the Figure.

3.1 | Demographics and lifestyle 
characteristics of the group

Demographics in terms of age and sex were similar between the 246 
people assessed at follow-up and the 417 people not followed up from 
the baseline cohort. The median age at baseline of those followed up 
and assessed was 76 years (Inter-quartile range (IQR) 72 to 80) and of 
those not assessed was also 76 years (IQR 73 to 82). However, this 
difference was significant, with those not followed up being signifi-
cantly older (U = 43984.5, z = 3.073, P = .002). The number of females 
in those assessed was 130 (52.8%) and in those not assessed was 233 
(55.9%); not significant (X2 (1) = 0.573, P = .449).

Of those seen, 108 (43.9%) reported that they could not read or 
write and 103 (41.9%) had never attended school, of which 78 (75.7%) 
were female. Only 29 (11.8%) people had stayed at school for more 
than 4 years. The vast majority of participants worked in farming in 
some capacity (n = 227 (92.3%)), although many had other paid work. 
Only 7 (2.8%) people described themselves as retired (in all cases from 
paid work), although 6 of these said they still worked on the family 

farm. Although only 7 (2.8%) people described themselves as current 
smokers, 70 (28.5%) were ex-smokers. Ninety-three (37.8%) people 
were current drinkers of alcohol, 111 (45.1%) were former drinkers 
and only 42 (17.1%) said they had never drank alcohol.

3.2 | Hypertension

Hypertension at grade I or above was highly prevalent, and affected 
a consistent proportion of the population at all 3 time points; 182 
(74.0%) participants were hypertensive at baseline and the same 
number at follow-up in 2013 and 166 (67.5%) were hypertensive in 
2016. One-hundred and twenty-nine (52.4%) people were identified 
as sustained hypertensives. Fifty-six (22.8%) people had hyperten-
sion on 2 of the assessments, 31 (12.6%) had hypertension on 1 of 
the assessments, and only 30 (12.2%) were not hypertensive at any 
of the assessments. Demographic and life style data are presented in 
Table 1 for sustained hypertensives and non-sustained hypertensives. 
Sustained hypertensives were significantly more likely to be female 
and were significantly heavier than non-hypertensives.

Although 52 (21.1%) participants claimed to be currently taking 
anti-hypertensive medication, 48 (92.3%) of these were identified as 
sustained hypertensives and all were hypertensive at 2016 follow-up, 
suggesting medication, if taken, was not controlling their BP. Rates of 
hypertension control in this population are known to be very low.13

3.3 | End organ damage

Data for the prevalence of markers for EOD in sustained hyperten-
sives and non-sustained hypertensives are presented in Table 2 using 
the cutoff of grade I or above and in Table 3 for a cutoff of grade II 
or above. Using the lower cutoff, PAD, and LVH were associated with 
sustained hypertension and using the higher cutoff only LVH was as-
sociated with sustained hypertension. These associations remained 
after adjustment for potential demographic and lifestyle variables 
that could be confounding (Table 4). Current smoking and greater age 
were independently associated with PAD; greater age was indepen-
dently associated with proteinuria and alcohol consumption with arte-
rial stiffness.

4  | DISCUSSION

This is the first published longitudinal study to investigate the preva-
lence and nature of EOD in a community-dwelling cohort living in SSA. 
Our data adds significantly to the current understanding of the impact 
of hypertension on the organs of the body in SSA populations. We 
have previously reported on the prevalence of hypertension in this 
cohort.13 The prevalence reported at both follow-up points is simi-
lar to that reported at baseline and towards the upper end of global 
estimates in this age group.2 One explanation for the lack of varia-
tion in the prevalence of hypertension over time is that having hyper-
tension is not associated with an increased mortality risk, and this is 
supported by previous work by our team.14 One possible explanation 

F IGURE Recruitment process
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for this apparently contradictory finding is that, in this resource-poor 
setting, many deaths due to hypertension will already have occurred 
to individuals prior reaching 70 years and that our cohort represent 
“survivors.” If this is the case, then one might expect the prevalence of 
hypertensive EOD to be low and similar in both sustained hyperten-
sives and non-sustained hypertensives.

4.1 | Prevalence of hypertensive EOD

LVH and PAD were the EOD markers most strongly associated with 
hypertension status across the 6 years of follow-up. We observed a 
prevalence of PAD of 34.9% in sustained hypertensives. In a cross-
sectional study of rural community-dwelling hypertensive Nigerians, 
a PAD prevalence of only 3.6% was reported.8 However, this was in 

a much younger population (18 to 64 years) and based on self-report 
of previous diagnosis, rather than formal assessment and so is likely to 
represent an under-estimate. In contrast, a study in the Netherlands 
found PAD to be present in 19.1% of people aged over 55 years. 
Prevalence increased with age with 52.0% of men and 59.6% of 
women having PAD in the 85 years and over group.22 The authors 
also found PAD to be more common in hypertensives, supporting our 
findings. In our study, arterial stiffness was more common in those 
without sustained hypertension, although the difference was not sig-
nificant. Although the reasons for this are not clear, the findings merit 
further study.

Our observation that 18.8% of sustained hypertensives had LVH 
is in line with reports of LVH prevalence in Nigeria (15.9%).7 For our 
entire sample, rates of LVH were 13.9%, much lower than reported in 

Sustained hyperten-
sives (n = 129)

Non-sustained 
hypertensives (n = 117) Significance

Median age at 
baseline (y)

75 (72 to 80) 76 (73 to 80) U = 7124.0, 
z = 0.760, P = .447

Number of females 77 (59.7%) 53 (45.3%) X2 (1) = 5.099, 
P = .024

No formal education 56 (43.4%) 47 (40.2%) X2 (1) = 0.405, 
P = .524

Occupation as a 
farmer

122 (94.6%) 105 (89.7%) X2 (2) = 2.008, 
P = .156

Smoking status Former: 36 (27.9%) 
Current: 6 (4.7%)

Former: 34 (29.1%) 
Current: 1 (0.9%)

X2 (2) = 3.199, 
P = .202

Alcohol consumption Former: 55 (42.6%) 
Current: 51 (39.5%)

Former: 56 (47.9%) 
Current: 42 (35.9%)

X2 (2) = 0.677, 
P = .713

Median weight (kg) 55 (47 to 63) 50 (45 to 60) U = 6.032.0, 
z = 2.720, P = .007

Currently taking 
anti-hypertensive 
medication

48 (37.2%) 4 (3.4%) X2 (1) = 42.024, 
P < .001

TABLE  1 Characteristics of sustained 
and non-sustained hypertensives at grade I 
or above

Sustained hyperten-
sives (n = 129)

Non-sustained hyperten-
sives (n = 117) Significance

Self reported visual 
loss

77 (59.7%) 68 (58.1%) X2 (1) = 0.063, 
P = .803

LVH 24 of 128 (18.8%) 10 of 116 (8.6%) X2 (1) = 5.206, 
P = .023

PAD 45 (34.9%) 20 (17.1%) X2 (1) = 9.987, 
P = .002

Proteinuria 24 of 120 (20.0%) 13 of 110 (11.8%) X2 (1) = 2.846, 
P = .092

Orthostatic 
hypotension

34 of 127 (26.8%) 26 (22.2%) X2 (1) = 0.680, 
P = .410

Cognitive 
impairment

28 of 127 (22.0%) 30 of 115 (26.1%) X2 (1) = 0.540, 
P = .462

Arterial stiffening 13 (10.1%) 19 (16.2%) X2 (1) = 2.059, 
P = .151

Previous stroke 8 (6.2%) 5 (4.3%) X2 (1) = 0.456, 
P = .500

TABLE  2 Prevalence of end organ 
damage in sustained and non-sustained 
hypertensives
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Sustained hyperten-
sives (n = 61)

Non-sustained hyperten-
sives (n = 185) Significance

Self reported visual 
loss

36 (59.0%) 109 (58.9%) X2 (1) = 0.000, 
P = .989

LVH 17 of 60 (28.3%) 17 of 184 (9.2%) X2 (1) = 13.755, 
P < .001

PAD 21 (34.4%) 44 (23.8%) X2 (1) = 2.673, 
P = .102

Proteinuria 14 of 58 (24.1%) 23 of 172 (13.4%) X2 (1) = 3.724, 
P = .054

Orthostatic 
hypotension

14 of 60 (23.3%) 46 of 184 (25.0%) X2 (1) = 0.068, 
P = .795

Cognitive 
impairment

15 (24.6%) 43 of 181 (26.1%) X2 (1) = 0.017, 
P = .895

Arterial stiffening 4 (6.6%) 28 (15.1%) X2 (1) = 2.983, 
P = .084

Previous stroke 2 (3.3%) 11 (5.9%) X2 (1) = 0.652, 
P = .419

TABLE  3 Prevalence of end organ 
damage in sustained and non-sustained 
hypertensives at grade II or above

Odds ratio for sustained 
hypertension (95% CI, P 
value)

Odds ratio for other significant variables (95% 
CI, P value)

Sustained hypertension at ≥140/90 mm Hg

LVH 2.36 (1.02 to 5.36, 
P = .045)

—

PAD 2.55 (1.30 to 5.01, 
P = .006)

Smoking (never as reference) 
Former smoker: 1.58 (0.64 to 3.93, P = .323) 
Current smoker: 6.86 (1.15 to 41.07, P = .035) 
Age band (70-74 y as reference) 
75-79 y: 2.06 (0.96 to 4.44, P = .065) 
80-84 y: 3.54 (1.34 to 9.33, P = .011) 
85 y and over: 5.12 (1.90 to 13.79, P = .001)

Proteinuria 1.93 (0.86 to 4.32, 
P = .111)

Age band (70-74 y as reference) 
75-79 y: 1.41 (0.57 to 3.46, P = .461) 
80-84 y: 1.84 (0.54 to 6.33, P = .332) 
85 y and over: 4.20 (1.35 to 13.02, P = .013)

Arterial 
stiffness

0.81 (0.36 to 1.84, 
P = .610)

Alcohol (never as reference) 
Former drinker: 3.47 (0.66 to 18.26, P = .142) 
Current drinker: 6.42 (1.29 to 31.90, P = .023)

Sustained hypertension at ≥160/100 mm Hg

LVH 4.26 (1.93 to 9.42, 
P < .001)

—

PAD 1.46 (0.75 to 2.87, 
P = .269)

Smoking (never as reference) 
Former smoker: 1.80 (0.73 to 4.44, P = .200) 
Current smoker: 9.71 (1.66 to 57.01, P = .012) 
Age band (70-74 y as reference) 
75-79 y: 1.96 (0.92 to 4.17, P = .082) 
80-84 y: 3.68 (1.41 to 9.62, P = .008) 
85 y and over: 4.93 (1.85 to 13.12, P = .001)

Proteinuria 2.18 (0.99 to 4.78, 
P = .053)

Age band (70-74 y as reference) 
75-79 y: 1.37 (0.55 to 3.38, P = .499) 
80-84 y: 1.97 (0.57 to 6.79, P = .285) 
85 y and over: 4.15 (1.34 to 12.84, P = .014)

Arterial 
stiffness

0.48 (0.15 to 1.50, 
P = .205)

Alcohol (never as reference) 
Former drinker: 3.64 (0.68 to 19.48, P = .131) 
Current drinker: 6.58 (1.31 to 33.11, P = .022)

TABLE  4 Multivariable analysis of 
independent factors associated with 
markers for end organ damage
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people aged 70 years and over in the US Framingham Heart Study, in 
which LVH prevalence was 33% in men and 49% in women.23 Whether 
the much lower prevalence seen in Tanzania is due to poor survival 
rates in those with LVH, or due to demographic, lifestyle or genetic 
factors merits further investigation. Although self-reported previous 
stroke was not associated with sustained hypertension in our cohort, 
historically low rates of diagnosis in this population are likely to mean 
that the reported prevalence is an underestimate.24 Hypertension has 
been previously identified as the single strongest predictor of stroke 
in Hai district.25 We found proteinuria to be present in a fifth of hy-
pertensives, similar to rates of proteinuria reported in younger rural 
dwelling Nigerians and the prevalence of other markers for renal im-
pairment reported in hypertensives from Nigeria and Congo.6,8,9,26 
Coresh et al27 reported the prevalence of chronic kidney disease, de-
fined by reduced GFR and albuminuria, in the US population of people 
aged over 70 years as 13.1%, similar to that found in our complete 
cohort of a similar age.

LVH and PAD were more common in sustained hypertensives, even 
after adjusting for lifestyle and demographic factors. Age was an im-
portant predictor of hypertension, even in this “survivor” cohort. The 
link between hypertension and EOD may be complex in older people 
living in resource-limited settings. Given the lack of association be-
tween hypertension and mortality in our cohort, it may be that the in-
creased mortality risk associated with LVH and PAD in hypertensives 
is counteracted by the potential benefits of increased blood pressure, 
such as lower rates of cognitive impairment, arterial stiffness and ortho-
static hypotension, due to increased cerebral perfusion.28 Alternatively, 
it may be argued that our cohort are survivors whose bodies have been 
able to adapt to chronic, uncontrolled hypertension and associated 
EOD, and that many people with EOD will already have died prior to 
recruitment. Although our study provides little direct support for either 
of these hypotheses, further investigation of the potentially beneficial 
effects of hypertension in this setting should be considered. The pos-
sibility that late life hypertension may be beneficial for many people is 
supported by data from high-income settings. Findings from the Leiden 
85-plus study suggested that at 85 years and older, higher systolic BP 
was associated with resilience to physical and cognitive decline.28 This 
supports findings by Diao et al,29 who in 2012 reviewed 4 randomised 
clinical trials to conclude that there is no significant benefit to treating 
grade I hypertensives with no previous cardiovascular disease on the 
outcomes of mortality or cardiovascular events. However, recent evi-
dence published by Williamson et al30 reports that lowering the systolic 
BP from < 140 to < 120 mm Hg in people aged over 75 years results 
in significantly lower rates of cardiovascular events and death. Despite 
the conflicting evidence for the benefits of treating hypertension in the 
very old, there can be little doubt of the need to consider hypertension 
status within the framework of overall cardiovascular risk, particularly 
within the resource limited setting of much of SSA.31

4.2 | Limitations

Although the 2 villages were selected for follow-up at random, and 
we have no reason to suspect that this has significantly biased our 

findings, it is possible that they were not fully representative of the 
whole DSS. The community-based nature of this study required the 
use of non-invasive procedures to assess the prevalence of EOD. In 
the absence of technical resources, relatively crude techniques were 
utilized. This makes comparison of prevalence of some markers for 
EOD reported here with previous work in other world regions dif-
ficult. In particular, using self-reported visual loss as an indicator of 
retinal damage is likely to be too crude a measure to accurately assess 
the impact of hypertension on visual loss. It is not surprising that over 
half the cohort reported some level of visual impairment given the 
age structure. The validity of each of the chosen methods of identi-
fying other markers of EOD is reviewed briefly in the methods sec-
tion. We also acknowledge that, since a substantial “white coat effect” 
has been noted in this population with regard to BP measurement, 
recorded BPs may not reflect true values.32 To minimize the influence 
of the white coat effect, we have also looked at the association of 
EOD with hypertension at grade II and above. However, results were 
similar whichever cutoff was used. The use of a urine dipstick has 
been reported as a highly specific method for detecting proteinuria, 
but relatively non-sensitive (32%-46%).33 Ideally, positive proteinuria 
findings should be repeated to exclude transient proteinuria. Due to 
time constraints and logistical reasons, repeat sampling was not pos-
sible in this study.

5  | CONCLUSIONS

The prevalence of markers for EOD was similar to those previously re-
ported in other areas of SSA. The prevalence of LVH and PAD was sig-
nificantly higher in sustained hypertensives. We plan to follow-up this 
cohort to investigate the link between EOD and morbidity and mortal-
ity. Further work on younger cohorts is needed in order to investigate 
if our findings are unique to this “survivor” cohort or whether similar 
patterns of EOD are present in middle age.
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