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ABSTRACT 

Objective
To study the prevalence of target organ damage (TOD) in hypertensive adults in a general 
population in rural Nigeria, to assess determinants of TOD and the contribution of TOD screen-
ing to assess eligibility for antihypertensive treatment. 

Methods 
All adults diagnosed with hypertension (n = 387) and a random sample (n = 540) out of all 
nonhypertensive adults, classified during a household survey in 2009, had a blood pressure 
measurement and were invited for TOD (myocardial infarction, left ventricular hypertrophy, 
angina pectoris, kidney disease) screening in 2011.

Results
Participation in TOD screening was 51% (n = 196) in respondents with hypertension and 33% 
(n = 179) in those without hypertension. TOD prevalence in hypertensive and nonhyperten-
sive adults was 32 and 15%, respectively. Hypertension severity was a strong determinant for 
TOD [grade 1 odds ratio (OR) 2.66, 95% confidence interval (CI) 1.04- 6.84; grade 2 OR 3.82, 
95% CI 1.41-10.36]. Out of 196 hypertensive patients, 151 were untreated, of whom all grade 
2 hypertensive patients (n = 71) were eligible for treatment. Screening revealed TOD in 19 out 
of 80 grade 1 hypertensive respondents (24%), therefore also classifying them as eligible for 
treatment. TOD screening hypertensive nonrespondents had more severe hypertension than 
hypertensive respondents, which may have resulted in an underestimation of the true preva-
lence of TOD among adults with hypertension. 

Conclusion
A high prevalence of 32% TOD in hypertensive adults in rural Nigeria was observed. Almost 
a quarter of respondents with grade 1 hypertension were eligible for antihypertensive treat-
ment based on TOD screening findings. As TOD screening is mostly unavailable in sub-Saharan 
Africa, we propose antihypertensive treatment for all patients with hypertension.

Keywords
angina pectoris, chronic kidney disease, community-based, developing countries, hyperten-
sion, left ventricular hypertrophy, myocardial infarction, Nigeria, sub-Saharan Africa, target 
organ damage

Abbreviations
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL-c, high-density 
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; LMICs, low and middle-
income countries; LVH, left ventricular hypertrophy; SSA, sub-Saharan Africa; TC, total choles-
terol; TOD, target organ damage
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INTRODUCTION

Hypertension is the leading risk factor for cardiovascular disease (CVD) and associated morbid-
ity and mortality worldwide1 with a rising prevalence in sub-Saharan Africa (SSA).2 Yet, antihy-
pertensive treatment coverage and control of hypertension are low in SSA.2-4 In addition, 
people of African descent have a higher risk of developing target organ damage (TOD) than 
whites for any given blood pressure.5,6

The WHO recommends drug treatment initiation in hypertensive individuals with a high 
10-year CVD risk, in individuals with very high levels of individual risk factors (such as grade 2 
hypertension) or (sub)clinical TOD, and in individuals who already had a cardiovascular event.7 
Hypertension guidelines recommend yearly TOD screening to determine treatment inten-
sity.8-10 However, due to limited test availability, a lack of skilled healthcare workers to perform 
and interpret tests and relatively high costs, screening for TOD is often not feasible in low- and 
middle-income countries (LMICs).11 Few studies have evaluated the prevalence of hypertensive 
TOD in SSA. Most studies have been conducted in hospital-based populations with a potential 
bias to more severe or symptomatic patients, or in selected populations such as civil servants.12 
Community-based studies from rural settings are scarce.13 Therefore, the contribution of TOD 
screening to determine antihypertensive treatment eligibility in SSA is unknown.

We previously identified hypertension as an important health problem in Kwara State in 
Nigeria, with a prevalence of 21% among adults (38% among adults aged 55 years and above) 
and very low levels of awareness, treatment and blood pressure control among those with 
hypertension.3 The aim of the present study is to evaluate the prevalence of TOD in a commu-
nity-based hypertensive population in rural Kwara State, the determinants of the presence of 
TOD and the contribution of TOD screening to assessment of individual treatment eligibility.

MATERIALS AND METHODS

Study design and study population
All hypertensive nonpregnant adults and a random sample of nonhypertensive nonpreg-
nant adults, as classified during a household survey in 2009 in Kwara State, Nigeria, were revis-
ited in 2011 for blood pressure measurement and invited for TOD screening. The 2009 survey 
consisted of a population-based sample of Afon and Ajasse Ipo district, two rural communi-
ties, and was part of an impact evaluation of a community-based health insurance scheme on 
socio-economic and health indicators.3,14 Screening for TOD included screening for myocardial 
infarction, angina pectoris, left ventricular hypertrophy (LVH) and kidney disease (see defini-
tions). More detailed information about the study population and study design is described 
elsewhere.3 

Data collection
Households included in the 2009 survey were revisited in 2011 by trained interviewers. 
Demographic, socio-economic and medical data were collected in the communities using 
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questionnaires and physical examination including blood pressure measurement. Eligible 
respondents were invited for TOD screening in a nearby health facility during the same week. 
Blood pressure was measured three times on the upper left arm after at least 5 min of rest 
using a validated automatic blood pressure device (OMRON M6 Comfort; OMRON Corpora-
tion, Kyoto, Japan). The mean value of the second and third measurement was used for analy-
sis. Due to unavailability of cardiac diagnostic tests (such as cardiac ultrasound), ECG (SECA, 
Hamburg, Germany) was performed to diagnose LVH and myocardial infarction. The Rose 
questionnaire15 was used to diagnose angina pectoris. Serum creatinine, blood glucose and 
lipid profiles [triglycerides, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c)] 
were measured using Roche Reflotron Systems (Roche Diagnostics, Basel, Switzerland). Low- 
density lipoprotein cholesterol (LDL-c) was calculated using the Friedewald formula.16 Micro-
albuminuria was measured in spot morning urine using the HemoCue Albumin 201 system 
(HemoCue, Ängelholm, Sweden).

Outcomes
The study outcomes were the prevalence of TOD among hypertensive individuals, the deter-
minants of the presence of TOD and the contribution of TOD screening to evaluation of antihy-
pertensive drug treatment eligibility (e.g. the proportion of hypertensive respondents that is 
eligible for drug treatment based on the presence of TOD compared with the proportion of 
hypertensive respondents eligible for treatment based on high levels of CVD risk factors or 
high 10-year CVD risk).

Analysis
Definitions
TOD was defined as the presence of myocardial infarction, angina pectoris, LVH or impaired 
estimated glomerular filtration rate (eGFR). Myocardial infarction was defined as pathologi-
cal Q waves on ECG;17 LVH was diagnosed on the basis of ECG using Sokolow -Lyon criteria.18 
In addition, Cornell criterion19 was used to diagnose LVH. Sokolow-Lyon criteria are known 
to overestimate LVH in populations of African descent, whereas Cornell criterion is known 
to underestimate the presence of LVH in these populations.20 Impaired eGFR was defined as 
an eGFR less than 60 ml/min per 1.73 m2, calculated using the Modification of Diet in Renal 
Disease formula.21 Hypertension was defined as a measured blood pressure at least 140 mmHg 
systolic and/or at least 90 mmHg diastolic, or self-reported use of drug treatment for hyperten-
sion irrespective of measured blood pressure. Controlled hypertension was defined as a blood 
pressure below 140 mmHg systolic and 90 mmHg diastolic in respondents using antihyper-
tensive medication. Microalbuminuria was defined as a urine albumin concentration of 20-200 
mg/l in spot morning urine.22

Statistical analysis
Data were analysed using STATA, version 12.0 (StataCorp LP, College Station, Texas, USA). The 
prevalence of TOD was calculated using descriptive statistics. Multivariable logistic regres-
sion analyses were performed to evaluate the association between any TOD and hyperten-
sion severity and hypertension treatment status, other CVD risk factors (sex, age, diagnosis 
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of diabetes, smoking status, alcohol use), socio-economic status (consumption measured as 
per capita expenditures in Naira, the local currency, spend per month; level of education) and 
being enrolled in a health insurance programme. The basic model assessed the association 
between hypertension severity and hypertension treatment status, and the presence of any 
TOD, corrected for age and sex. Variables were added to the basic model using a stepwise 
approach to evaluate whether the presence of other CVD risk factors and socio-economic 
factors modified the risk of TOD and the association with hypertension. Interactions were 
explored to assess whether specific combinations of variables modified the risk of TOD. 
Antihypertensive treatment eligibility was assessed among untreated hypertensive respond-
ents based on hypertension severity, 10-year CVD risk and the presence of TOD. Ten-year CVD 
risk was calculated for untreated hypertensive respondents aged over 40 years using the 
WHO/International Society of Hypertension laboratory-based risk prediction charts for the 
Africa D region.7

A proportion of the respondents who were interviewed during the survey in 2011 did not 
show for screening of TOD in the nearby health facility. For these respondents, blood pressure 
data were available from the survey. Sexual distributions, mean age, mean blood pressure 
and hypertension severity were compared between respondents who participated in the TOD 
screening (participants) and respondents who were invited during the survey but did not show 
for screening (nonparticipants).

Ethical review
Ethical clearance was obtained from the Ethical Review Committee of the University of Ilorin 
Teaching Hospital. Informed consent was provided by written signature or fingerprint.

RESULTS

Response rate and patient characteristics
Out of 387 respondents with hypertension in the 2009 community-based survey, who were 
invited for TOD screening during the second survey in 2011, 196 (51%) participated (Fig. 1). 
Hypertension awareness was 54% and antihypertensive treatment coverage among those with 
hypertension was 23% in 2011. Of those on treatment, 36% had controlled blood pressure 
(Table 1). Hypertensive respondents who did not participate in the TOD screening (but for 
whom blood pressure was measured during the household survey) had significantly higher 
diastolic blood pressure [mean 99.5, standard deviation (SD) 11.8 compared with 96.3, SD 11.8, 
P=0.008], more severe hypertension (grade 2 hypertension 54 compared with 45%, P < 0.001), 
were less aware of their hypertension status (28 compared with 54%, P = 0.001) and antihy-
pertensive treatment coverage and blood pressure control was lower (8 compared with 23%, 
P < 0.001, and 2 compared with 8%, P = 0.007, respectively) (see Table, Supplemental Digital 
Content 1, http://links.lww.com/HJH/A300, which shows the characteristics of participating 
and nonparticipating respondents in the TOD screening). Of the 540 respondents without 
hypertension, 179 participated (33%) (Fig. 1).
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Table 1 Characteristics of the study population in 2011

Hypertensive 
respondents 
(treated and 
untreated)

Untreated 
hypertensive 
respondents

Treated 
hypertensive 
respondents

Nonhypertensive 
respondents

N N N N

Male, n (%) 196 69 (35.2) 151 48 (31.8) 45 21 (46.7) 179 67 (37.4)

Age in years, n (%) 196 151  45 179  

18-44 27 (13.8) 25 (16.6) 2 (4.4) 60 (33.5)

45-54 43 (21.9) 33 (21.9) 10 (22.2) 46 (25.7)

55-64 50 (25.5) 37 (24.5) 13 (28.9) 40 (22.3)

≥65 76 (38.8) 56 (37.1) 20 (44.4) 33 (18.4)

Systolic BP, mean (SD) 196 154.5 (21.2) 151 156.6 (19.6) 45 147.1 (24.6) 179 116.7 (12.8)

Diastolic BP, mean (SD) 196 96.3 (11.8) 151 97.7 (10.2) 45 91.7 (15.1) 179 76.4 (8.5)

Hypertension grade, n (%) 196 151 45 179

Normal (BP < 120/80) 6 (3.1) 0 (0.0) 6 (13.3) 83 (46.4)

Pre-hypertension (SBP 120-139/DBP 80-89) 10 (5.1) 0 (0.0) 10 (22.2) 96 (53.6)

Grade 1 hypertension (SBP 140-159/DSP 90-99) 92 (46.9) 80 (53.0) 12 (26.7) 0.0 (0.0)

Grade 2 hypertension (SBP ≥ 160/DSP ≥ 100) 88 (44.9) 71 (47.0) 17 (37.8) 0.0 (0.0)

Awareness of hypertension*, n (%) 196 86 (53.9) 151 41 (27.2) 45 45 (100.0) NA NA

Treatment for hypertension**, n (%) 196 45 (23.0) 151 0 (0.0) 45 45 (100.0) NA NA

Controlled hypertension, n (%) 196 16 (8.2) 151 0 (0.0) 45 16 (35.6) NA NA

Family history (hypertension, diabetes, CVD), n (%) 196 13 (6.6) 151 7 (4.6) 45 6 (13.3) 176 107 (60.8)

Diabetes***, n (%) 188 13 (6.9) 144 8 (5.6) 44 5 (11.4) 175 3 (1.7)

High Total Cholesterol (> 5.0 mmol/L), n (%) 196 26 (13.3) 151 20 (13.2) 45 6 (13.3) 177 14 (7.9)

High LDL-c (> 3.0 mmol/L), n (%) 186 41 (22.0) 142 26 (18.3) 44 15 (34.1) 169 23 (13.6)

Low HDL-c (male: < 1.0 mmol/L; female: < 1.2 mmol/L), n (%) 186 108 (58.1) 142 81 (57.0) 44 27 (61.4) 170 116 (68.2)

Microalbuminuria, n (%) 194 40 (20.6) 149 28 (18.8) 45 12 (26.7) 175 34 (19.4)

BMI, mean (SD) 191 25.0 (5.7) 146 24.3 (5.2) 45 27.5 (6.8) 175 23.8 (4.8

Smoking, n (%) 196 14 (7.1) 151 13 (8.6) 45 1 (2.2) 179 18 (10.1)

Any alcohol use, n (%) 195 11 (5.6) 150 8 (5.3) 45 3 (6.7) 179 12 (6.7)

Does physical activity, n (%) 136 54 (39.7) 108 45 (41.7) 28 9 (32.1) 140 67 (47.9)

Yearly consumption in US$, mean (SD) 195 843.1 (751.2) 150 768.6 (642.5) 45 1091.2 (1004.1) 179 815.2 (851.2)

Health insurance, n (%) 196 53 (27.0) 151 28 (18.5) 45 25 (55.6) 178 58 (32.6)

Highest degree in school completed, n (%) 195 150 45 179

no school at all 120 (61.5) 92 (61.3) 28 (62.2) 92 (51.4)

< primary 4 (2.1) 4 (2.7) 0 (0.0) 10 (5.6 )

Primary 29 (14.9) 24 (16.0) 5 (11.1) 26 (14.5)

Secondary 18 (9.2) 14 (9.3) 4 (8.9) 30 (16.8)

Tertiary 24 (12.3) 16 (10.7) 8 (17.8) 20 (11.2)

Other 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

 
* Awareness of hypertension was defined as respondents who self-reported to have hypertension.  
** Treatment for hypertension was defined as self-reported drug treatment for hypertension.  
*** Diabetes was defined as the presence of a non-fasting blood glucose of ≥11.1 mmol/L, a fasting blood glucose of ≥7.0 mmol/L, or self-reported 
use of drug treatment for diabetes. BP, blood pressure; SBP, systolic blood pressure; DSP, diastolic blood pressure; CVD, cardiovascular disease; LDL-c, 
low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; BMI, body mass index 
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Figure 1 Flow diagram of study population.

2009
1500* households randomly sampled

2009
50 households refused interview

2009
67 pregnant in 2009 

235 missing/ invalid blood pressure data
302 respondents in total

2009 to 2011
63 died 

157 migrated
2 refused interview

391 no longer part of household
55 pregnant in 2011

58 not interviewed in 2011
122 missing/ invalid blood pressure data

848 respondents in total

2011
552 no show TOD screening (191 with HT, 361 

without HT)

2009
1450 households interviewed (97%) = 3023 

respondents  ≥18 years

2011
1873 respondents  interviewed and blood pressure 

measured

2009
2721 respondents ≥18 years, not pregnant with 

blood pressure data
564 respondents with  HT and  
2157 respondents without HT

2011
927 respondents invited for TOD screening 

387 respondents with HT and  
540 without HT (randomly sampled based on 

2009 data) 

2011
TOD screening data available of  

196 respondents with HT and  
179 respondents without HT 

 
Note: Target organ damage screening was performed in 2011. Therefore, only data from the 2011 survey are included in this study. *Of the sampled 
households, 187 households could not be located and were replaced by other households to reach the sample size of 1500. HT, hypertension; TOD, target 
organ damage

Prevalence of target organ damage
TOD was found in 32% of the hypertensive respondents (Table 2). There was no significant 
difference between untreated and treated hypertensive respondents in TOD prevalence (31 
compared with 36%, respectively, P = 0.526). LVH was the main driver of the presence of TOD, 
with a prevalence of 13% among treated versus 17% (P = 0.592) among untreated hyperten-
sive respondents according to Sokolow-Lyon criteria. TOD prevalence in the nonhypertensive 
population was 15% (Table 2).

Determinants of target organ damage
Hypertension severity was the most important determinant of the presence of TOD. The associ-
ation between hypertension severity and the presence of TOD was present in the basic model 
with only age and sex included and in all other models that included other CVD risk factors 
and socio-economic variables (Table 3). The probability of TOD significantly increased with 
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more severe hypertension [Table 3, Model 4: prehypertension odds ratio (OR): 1.54, 95% confi-
dence interval (CI) 0.59-4.04, grade 1 hypertension OR: 2.66, 95% CI 1.04-6.84, grade 2 hyper-
tension OR: 3.82, 95% CI 1.41-10.36, treated hypertension OR: 2.95, 95% CI 1.00 -8.66]. Other 
well known CVD risk factors, including high BMI, dyslipidaemia, diabetes and smoking, did not 
show a significant association with the presence of TOD.

Target organ damage screening to determine treatment eligibility
Of the 151 untreated respondents (out of 196 hypertensive patients), 71 (47%) were eligible 
for treatment based on grade 2 hypertension (blood pressure ≥160 mmHg systolic or ≥100 
mmHg diastolic).7 The remaining 80 respondents had grade 1 hypertension (blood pressure of 
140- 159 mmHg systolic and 90-99 mmHg diastolic). Of those, one (1.3%, 0.7% of all untreated 
hypertensive individuals) respondent was eligible for treatment based on severe dyslipidaemia 
(TC >8 or LDL-c >6 or TC/HDL-c-ratio >8) and 19 (23.8%, 12.6% of all untreated hypertensive 
individuals) respondents were eligible based on the presence of TOD. Adding 10-year CVD risk 
of more than 30% did not result in the identification of additional individuals with a treatment 
indication. None of the respondents who were eligible for treatment based on the presence of 
TOD would be classified as eligible for treatment based on 10-year CVD risk. The remaining 60 
respondents had grade 1 hypertension without additional risk factors or TOD and would not 
be eligible for drug treatment according to the current WHO guidelines.7 

Table 2 Prevalence of target organ damage among treated, untreated and nonhypertensive respondents

Hypertensive 
respondents 
(treated and 
untreated) 

Untreated 
hypertensive 
respondents

Treated 
hypertensive 
respondents

p-value*  
(untreated 
vs. treated 

hypertension)
Nonhypertensive 

respondents

N N N N

Any target organ damage** (Sokolow-Lyon), n (%) 188 61 (32.4) 144 45 (31.2) 44 16 (36.4) 0.526 162 25 (15.4)

Any target organ damage*** (Cornell), n (%) 187 59 (31.6) 144 45 (31.3) 43 14 (32.6) 0.871 162 20 (12.3)

Myocardial infarction, n (%) 195 21 (10.8) 150 16 (10.7) 45 5 (11.1) 0.933 174 6 (3.4)

Angina Pectoris, n (%) 196 2 (1.0) 151 0 (0.0) 45 2 (4.4) 0.009 179 3 (1.7)

Impaired Glomerular Filtration rate, n (%) 182 12 (6.6) 141 7 (5.0) 41 5 (12.2) 0.101 163 4 (2.5)

Left Ventricular Hypertrophy (Sokolow-Lyon), n (%) 195 31 (15.9) 150 25 (16.7) 45 6 (13.3) 0.592 174 13 (7.5)

Left Ventricular Hypertrophy (Cornell), n (%) 195 26 (13.3) 150 24 (16.0) 45 2 (4.4) 0.046 174 7 (4.0)

 
* Compared using Pearson Chi Square test or Fisher Exact test for categorical variables.  
** Any target organ damage prevalence using Sokolow-Lyon criteria to determine left ventricular hypertrophy 
*** Any target organ damage prevalence using Cornell criterion to determine left ventricular hypertrophy

Table 3 Determinants of target organ damage among hypertensive and nonhypertensive respondents

Prevalence of target 
organ damage, n (%) 

(n=350)
Model 1* 

OR (95% CI)
Model 2** 

OR (95% CI)
Model 3*** 
OR (95% CI)

Model 4****
OR (95% CI)

Sex

Female 52 (23.3) 1.00 1.00 1.00 1.00

Male 34 (26.8) 1.10 (0.65-1.86) 1.10 (0.65-1.87) 1.40 (0.81-2.44) 1.57 (0.78-3.18)

Chapter 3



 61

Prevalence of target 
organ damage, n (%) 

(n=350)
Model 1* 

OR (95% CI)
Model 2** 

OR (95% CI)
Model 3*** 
OR (95% CI)

Model 4****
OR (95% CI)

Age

18-44 11 (13.8) 1.00 1.00 1.00 1.00

45-54 15 (18.1) 1.14 (0.47-2.74) 1.13 (0.47-2.74) 1.10 (0.44-2.78) 1.22 (0.45-3.28)

55-64 28 (32.6) 2.22 (0.99-4.98) 2.22 (0.99-4.99) 2.37 (1.08-5.23) 1.99 (0.79-5.04)

≥ 65 32 (31.7) 1.98 (0.90-4.35) 1.97 (0.89-4.37) 2.31 (1.07-4.98) 1.74 (0.66-4.59)

Hypertension classification

Normal (BP < 120/80) 8 (10.4) 1.00 1.00 1.00 1.00

Pre-hypertension (SBP 120-139/
DBP 80-89)

17 (20.0) 1.77 (0.70-4.49) 1.77 (0.70-4.49) 1.59 (0.62-4.11) 1.54 (0.59-4.04)

Grade 1 hypertension (SBP 140-159/
DBP 90-99)

20 (26.3) 2.51 (1.02-6.17) 2.48 (0.99-6.19) 2.41 (0.96-6.05) 2.66 (1.04-6.84)

Grade 2 hypertension (SBP ≥ 160/
DBP ≥ 100)

25 (36.8) 3.95 (1.58-9.87) 3.89 (1.52-9.98) 3.70 (1.41-9.70) 3.82 (1.41-10.36)

Treated hypertension 16 (36.4) 3.62 (1.33-9.85) 3.62 (1.33-9.86) 2.84 (1.01-8.04) 2.95 (1.00-8.66)

 
BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL-c, low-density lipoprotein cholesterol; TC, total 
cholesterol. *Model 1: includes sex, age and hypertension classification. **Model 2: includes sex, age, hypertension classification and awareness for 
hypertension. ***Model 3: includes sex, age, hypertension classification, awareness for hypertension, diabetes status, BMI, LDL-c, and TC. 
****Model 4: includes sex, age, hypertension classification, awareness for hypertension, diabetes status, BMI, LDL-c, TC, smoking, alcohol use, health 
insurance enrolment, yearly consumption and degree in school completed. n=349

DISCUSSION

We observed a high prevalence of TOD of 32% among adults with (mostly untreated) hyper-
tension in rural Nigeria. Almost a quarter of the respondents with grade 1 hypertension 
were eligible for antihypertensive treatment based on the presence of TOD. Our study thus 
highlights a major limitation of the current WHO guidelines for CVD prevention care in LMICs. 
When following the WHO guidelines, it is required to perform TOD screening in hypertensive 
patients to decide on treatment eligibility, especially in patients with grade 1 hypertension. 
Yet, TOD screening is not available in many settings in SSA. For these settings, the WHO recom-
mends to use a simpler 10-year CVD risk prediction tool that includes only age, sex, smoking 
status, diabetes status, blood pressure and TC. However, our study demonstrated that none 
of the respondents with TOD would have been classified as eligible for hypertension treat-
ment using the simple risk prediction tool. This implies that a large proportion of hyperten-
sive patients with, according to WHO guidelines, an absolute treatment indication based on 
the presence of TOD would still remain untreated if TOD screening is not available. To the best 
of our knowledge, our study is the first to quantify the magnitude of this problem based on 
population-based data. Other populations in LMICs with a high prevalence of TOD, in particu-
lar South Asians,23 are likely to face similar challenges with adequate risk stratification in the 
absence of TOD screening capacity. 

Up to date, very few studies have been published with data on TOD prevalence in community-
based populations from SSA. Two previous studies reported a prevalence of TOD of 48% among 
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civil servants in urban Ghana12 and 43% in rural Nigeria.13 Our study adds important epidemi-
ological data from rural SSA to the existing literature. These data can be used by policymakers 
for surveillance of CVD risk factor burden, to allocate resources for the population in need of 
antihypertensive treatment, and as input in modelling studies to estimate future CVD burden.

Given the above, there is a clear need for alternative strategies to initiate or intensify antihy-
pertensive treatment in SSA. We propose to treat all patients with grade 1 hypertension and 
above, with treatment intensity based on hypertension severity only, if TOD screening is not 
available.8-11 With an estimated population of 1 583 419 in rural Kwara24, of which 50.4% are 
adults, and a hypertension prevalence in adults of 21%,3 and assuming an overall TOD preva-
lence and hypertension severity distribution as found in our study, 101 056 individuals would 
be eligible for treatment based on current WHO guidelines. This number would increase to 
167 589 individuals if all hypertension patients would be treated.

One may argue that such an approach is not affordable for resource constraint settings in SSA. 
However, data from a hospital-based cohort study in a health facility in Kwara State nearby the 
study areas indicate that the costs of yearly TOD screening per patient are comparable to the 
yearly costs of treating a hypertension patient with a multidrug regime (Hendriks et al., unpub-
lished data). Furthermore, it could be argued that patients with grade 1 hypertension without 
other risk factors have a low 10-year CVD risk, especially in younger age groups.7 However, 
there is a lack of data worldwide to support the hypothesis that it is safe to postpone antihy-
pertensive treatment in adults from African descent with hypertension. Longitudinal studies 
from SSA are scarce, with only two studies from East and South SSA reporting changes in CVD 
risk factors over time.25,26 Long-term cohort studies that relate changes in CVD risk factors to 
changes in cardiovascular event rates from SSA are lacking altogether. Therefore, 10-year CVD 
risk charts, which are based on data from predominately white cohorts, cannot be validated 
for African populations.7,27 If anything, evidence points to higher risk in the latter group, with 
a higher incidence of cardiovascular events and cardiovascular mortality at a younger age 
and at lower blood pressure levels.5,6,23,28,29 Therefore, decisions on treatment eligibility in SSA 
should be made on the safe side, based on the limited evidence available. The high prevalence 
of TOD described in our study and by others12,13 suggests that postponing treatment is poten-
tially harmful. Thus, treating all hypertension patients seems to be a reasonable option for SSA, 
although more studies will be needed to establish the efficacy and cost-effectiveness of this 
approach in different SSA areas.

The prevalence of TOD observed in our study is likely to be an underestimation of the true 
prevalence in the hypertensive population for several reasons. First, participation in the 
TOD screening among the hypertensive respondents was 51%, with an overrepresentation 
of respondents with less severe hypertension (as measured during the household survey). 
Second, sensitivity of the Rose questionnaire to diagnose angina pectoris varies between 19 
and 83%30 with a lower sensitivity in African Americans.31 Third, we excluded microalbuminu-
ria from the definition of TOD. We did not observe a difference in the prevalence of microal-
buminuria in the hypertensive versus the nonhypertensive population. This may point to a 
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greater sensitivity for kidney damage in the general population, potentially also due to other, 
nonhypertension related, causes such as infections.32 Finally, the blood pressure measurement 
during the baseline survey in 2009 and the availability of community-based health insurance 
in Afon district since 2009 has most likely contributed to increased antihypertensive treatment 
coverage and blood pressure control in 2011 when TOD prevalence was determined.3,14 Other 
studies from SSA show lower treatment coverage and blood pressure control.2-4 The preva-
lence of TOD may therefore be higher in other settings in SSA. The potential underestimation 
of the TOD prevalence underlines our recommendation of timely antihypertensive treatment 
initiation in hypertensive patients in SSA.

In conclusion, our study indicated that around one-third of rural Nigerian adults with hyper-
tension have TOD. TOD screening is unavailable or unaffordable in many setting in SSA. There-
fore, we propose antihypertensive treatment for all patients with hypertension in resource-
constraint SSA settings, as a simple and feasible approach to prevent premature cardiovascular 
mortality.
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SUPPLEMENTAL DIGITAL CONTENT 1

Table S1 Characteristics of participating and non-participating* survey respondents in the target organ damage 
screening

Hypertensives Nonhypertensives

Participants* 
(n=196)

Non- 
participants* 

(n=191) p-value^
Participants* 

(n=179)

Non- 
participants* 

(n=361) p-value^ ^

Male, n (%) 69 (35.2) 72 (37.9)† 0.583 67 (37.4) 167 (46.3) 0.051

Age in years, mean (SD) 60.3 (14.6) 60.0 (15.5) 0.826 50.7 (15.8) 45.2 (17.1) <0.001

Systolic BP, mean (SD) 154.5 (21.2) 158.3 (23.2) 0.089 116.7 (12.8) 114.1 (11.8) 0.024

Diastolic BP, mean (SD) 96.3 (11.8) 99.5 (11.8) 0.008 76.4 (8.5) 74.9 (8.3) 0.055

Hypertension classification, n (%) <0.001 0.041

Normal (BP < 120/80) 6 (3.1) 1 (0.5) - 83 (46.4) 201 (55.7) -

Pre-hypertension (SBP 120-139/DBP 80-89) 10 (5.1) 3 (1.6) - 96 (53.6) 160 (44.3) -

Grade 1 (SBP 140-159/DBP 90-99) 92 (46.9) 84 (44.0) - 0 (0.0) 0 (0.0) -

Grade 2 (SBP ≥ 160/DBP ≥ 100) 88 (44.9) 103 (53.9) - 0 (0.0) 0 (0.0) -

Awareness of HT**, n (%) 86 (53.9) 53 (27.7) 0.001 NA NA NA

Treatment for HT***, n (%) 45 (23.0) 16 (8.4) <0.001 NA NA NA

Controlled HT¶, n (%) 16 (8.2) 4 (2.1) 0.007 NA NA NA

Controlled HT (in subjects treated for HT), n (%) 16 (35.6) 4 (25.0) 0.440 NA NA NA

Angina pectoris, n (%) 2 (1.0) 0 (0.0) 0.162 3 (1.7) 0 (0.0)†† 0.014

 
* Participants are respondents who participated in the household survey and in the target organ damage screening. Non participants are respondents 
who were invited for target organ damage screening during the household survey and who had their blood pressure measured during the survey but who 
did not show up for target organ damage screening. ** Awareness of hypertension was defined as respondents who self-reported to have hypertension. 
*** Treatment for hypertension was defined as self-reported drug treatment for hypertension. ¶ Controlled hypertension was defined as a blood pressure 
below 140 mmHg systolic and 90 mmHg diastolic in respondents using antihypertensive medication. ^ Hypertensive participants vs. hypertensive 
non-participants compared using Kruskall Wallis test for continuous variables and Pearson Chi Square test or Fisher Exact test for categorical variables 
^^ Non-hypertensive participants vs. non-hypertensive non-participants compared using Kruskall Wallis test for continuous variables and Pearson Chi 
Square test or Fisher Exact test for categorical variables. † n=190; †† n=358. BP, Blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HT, hypertension
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