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Hypertensive retinopathy and its association with 
cardiovascular, renal and cerebrovascular morbidity in 
Congolese patients
Nelly N Kabedi, Jean-Claude Mwanza, François B Lepira, Tharcisse K Kayembe, David L Kayembe

Abstract
Background: Signs indicating hypertensive retinopathy can 
help determine the extent of hypertensive cardiovascular, 
renal and cerebrovascular damage. 
Objectives: To study the association between hypertensive 
retinopathy and cardiovascular, renal and cerebrovascular 
changes, and to determine the predictors of hypertensive 
retinopathy in Congolese patients. 
Methods: A total of 159 hypertensive subjects (mean age: 58.9 
± 13.2 years) were enrolled from the cardiology out-patient 
clinic. Retinopathy grade was assessed on direct ophthalmos-
copy. Hypertensive cardiovascular, renal and cerebrovascular 
changes were indicated by left ventricular hypertrophy (LVH), 
chronic kidney disease (CKD) and stroke, respectively. 
Results: Hypertensive retinopathy was present in 83.6% of 
the patients (grade 1: 42.1%; grade 2: 11.3%; grade 3: 23.3%; 
grade 4: 6.9%). There was no association between hyperten-
sive retinopathy and the presence or absence of LVH (86.5 
vs 73.3%, χ2 = 1.53, p = 0.21), chronic kidney disease (89.3 vs 
83.3%, χ2 = 0.12, p = 0.73) or stroke (85.7 vs 83.2%, χ2 > 0.001, 
p = 0.99). On multivariate logistic regression, CKD was the 
most significant predictor of severe hypertensive retinopathy, 
with an odds ratio of 4.4.
Conclusion: No association was found between hypertensive 
retinopathy and LVH, CKD or stroke. CKD was the most 
significant predictor of hypertensive retinopathy and there 
was a tendency toward increased risk of target-organ damage 
among patients with advanced hypertensive retinopathy.
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Hypertension is a major public health problem worldwide and 
on the African continent.1,2 The disease, once considered to be 
rare outside Europe and North America, is now a leading cause 
of disability and mortality in developing countries. Its prevalence 
is projected to reach 30% worldwide by 2025.2 

Poor control of hypertension increases the likelihood of 
complications affecting the cardiovascular and cerebrovascular 
systems, kidney and retina, often labelled under the term target-
organ damage (TOD).1 The development of subclinical TOD, 
such as left ventricular hypertrophy (LVH), increased intima–
media thickness of the large vessels, microalbuminuria following 
glomerular dysfunction, cognitive decline and hypertensive 
retinopathy precedes the occurrence of major complications, 
which include stroke, congestive heart failure and myocardial 
infarction, renal failure and retinal vascular occlusions.3-5 In 
the Democratic Republic of Congo (DRC), the prevalence 
of systemic hypertension has been reported to be over 25%,6,7 
whereas hypertension and associated complications account for 
over 20% of deaths among adults.8 

Studies have demonstrated that TOD increases cardiovascular 
risks over that already associated with elevated blood pressure 
alone. For example, it has been shown that once LVH has 
developed following long-standing systemic hypertension, it 
behaves as an independent risk factor and a predictor of both 
further cardiac complications,9 and other incident vascular 
events such as ischemic stroke and myocardial infarction.10 
Similarly, the presence of cerebrovascular and renal damage may 
raise cardiovascular risk over that conferred by hypertension 
itself.11,12 

In addition, hypertensive retinopathy has long been known 
as a predictor of systemic morbidity and mortality. Both 
epidemiological and clinical studies have provided evidence 
that markers of hypertensive retinopathy  are associated with 
raised blood pressure, systemic vascular diseases, and subclinical 
cerebrovascular and cardiovascular disease, and predict incident 
clinical stroke, congestive heart failure and mortality due to 
cardiovascular complications.13 This association of hypertensive 
retinopathy with other TOD has also been shown to be 
independent of blood pressure and other risk factors, which 
supports the recommendation that retinal vascular changes 
should be assessed in individuals with systemic hypertension for 
better extra-ocular TOD risk stratification.13 

While the number of reports on hypertensive TOD has been 
on the rise on the African continent, the relationship between 
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hypertensive retinopathy and other TOD has largely remained 
unexplored. The aim of this study was to examine the association 
of hypertensive retinopathy with LVH, chronic kidney disease 
(CKD) and stroke in Congolese patients. 

Methods
This cross-sectional, observational study included 159 consecutive 
Congolese hypertensive patients (73 men, 86 women, mean age 
57.9 ± 13.2 years) who were referred from the Cardiology 
Division to the Ophthalmology Department of the Kinshasa 
University Hospital for fundus examination as part of a work-up 
of people with hypertension. All participants provided informed 
consent and the study was approved by the University of 
Kinshasa Medical School institutional review board. 

Inclusion criteria were age ≥ 18 years, willingness to participate 
in the study, established diagnosis of hypertension regardless of 
treatment regimen, duration, severity or aetiology. Exclusion 
criteria included inaccessibility of the fundus due to media 
opacities, and pregnancy. 

All participants underwent blood pressure measurement 
with a mercury sphygmomanometer after the patient has been 
in a sitting position for five minutes, and body mass index 
(BMI) determination. They provided personal information 
about history of alcoholism, smoking, as well as family history 
of hypertension and stroke, and diabetes. 

Routine ophthalmological examination was performed, which 
included measurement of visual acuity, slit-lamp examination of 
the anterior segment, intra-ocular pressure measurement with 
applanation tonometry, and ocular fundus assessment with direct 
ophthalmoscopy after pupil dilation with tropicamide 1% and 
phenylephrine 10%. The fundus examination specifically looked 
at retinal abnormalities consistent with hypertensive retinopathy, 
which was graded based on the Scheie classification:14 grade 
0 = no visible change; grade 1 = barely detectable arterial 
narrowing; grade 2 = obvious arterial narrowing with focal 
irregularities; grade 3 = grade 2 plus retinal haemorrhages, 
exudates, cotton wool spots, or retinal oedema; grade 4: grade 3 
plus papilloedema. 

Hypertension was defined and classified according to 
the European Society of Hypertension/European Society of 
Cardiology guidelines.15 Data about extra-ocular TOD such 
as LVH, CKD and stroke were recorded from cardiology 
medical records. LVH was diagnosed by echocardiogram using 
ASE criteria:16 end-systolic left ventricular diameter, septal wall 
thickness (SWT) and posterior wall thickness were calculated 
from the two-dimensionnally guided M-mode tracing and 
measured in five consecutive cardiac cycles. LVH was defined by 
SWT greater than 11 mm. 

CKD was diagnosed according to the Kidney Disease Outcome 
Quality Initiative (K/DOQI),17 when glomerular filtration rate 
(GFR) was lower than 60 ml/min/1.7 m² using the equation from 
the Modified Diet in Renal Disease (MDRD) study.18 Stroke was 
diagnosed in the presence of clinical neurological signs consistent 
with stroke, with or without supporting CT scan lesions. 

Statistical analysis 

All analyses were performed with SPSS version 15.0 (SPSS, 
Chicago, IL, USA). Data were expressed as mean ± standard 

deviation. Student’s t-test was used to compare means between 
groups. The proportion of patients with hypertensive retinopathy 
was compared among those with and without LVH, CKD or 
stroke using the chi-square test. The chi-square test was also 
used to compare the proportions of patients with TOD between 
those with and without hypertensive retinopathy. Multiple 
logistic regression analysis allowed assessment of the association 
of demographic and clinical factors including TOD with the 
likelihood of having hypertensive retinopathy. A p < 0.05 was 
considered statistically significant. 

Results
Of the 159 patients included in this study, 73 (46%) were male 
and 86 (54%) were female, with a mean age of 57.9 ± 13.2 years 
(range: 19–92). Approximately half of the patients (48.4%) had 
been hypertensive for one to 10 years; 137 (86.2%) patients had 
essential hypertension and 22 were diabetic. Hypertension was 
grade 1 (systolic: 140–159 mmHg and diastolic: 90–99 mmHg), 
grade 2 (systolic: 160–179 mmHg, diastolic: 100–109 mmHg) 
and grade 3 (systolic ≥ 180 mmHg, diastolic ≥ 110 mmHg) in 
48 (30.2%), 34 (21.4%) and 77 (48.4%) patients, respectively. 
One hundred and twenty-two (76.7%) patients were on blood 
pressure-lowering treatment (57.2% had uncontrolled whereas 
19.5% has controlled blood pressure) and 37 (23.3%) were not 
on treatment at the time of study enrolment. 

Other characteristics of the study population were as follows: 
weight 71.8 ± 16.3 kg (range: 42–130), height 163.5 ± 8.9 cm 
(range: 148–162), waist circumference 90.9 ± 12.8 cm (range: 
67–125), systolic blood pressure 159.1 ± 30.9 mmHg (range: 
100–230), diastolic blood pressure 95.1 ± 16.6 mmHg (range: 
61–157), serum creatinine 2.2 ± 3.6 mg/dl (range: 0.3–19) and 
blood urea 38.9 ± 42.1 mmol/l (range: 5.2–258).

Hypertensive retinopathy stage 0, 1, 2, 3 and 4 was present 
in 16.4, 42.1, 11.3, 23.3 and 6.9% of the patients, respectively. 
Overall, the severity of  hypertensive retinopathy increased 
with increasing systolic and diastolic blood pressures. Data 
on cardiac state were available for 97 (61%) patients, of whom 
52 (53.6%) had LVH. Twenty-eight (31.8%) of the 88 patients 
who underwent glomerular filtration rate (GFR) assessment 
had levels consistent with CKD and 28 (17.6%) patients were 
diagnosed as having stroke. 

Table 1 shows the distribution of patients with LVH by stage 
of retinopathy. The proportions of patients with retinopathy 
were comparable among those with (86.5%) and without LVH 
(73.3%) (χ2 = 1.53, p = 0.21). Similarly, the proportions of 
patients with LVH did not differ significantly between patients 
with (57.7%) and those without retinopathy (36.8%) (χ2 = 
0.39, p = 0.53). There was no significant association between 
hypertensive retinopathy and LVH (χ2 = 1.9, p = 0.17, OR = 2.3, 
95% CI: 0.8–6.6). For all retinopathy stages, the proportions of 
patients with and without LVH were comparable (p = 0.24–0.99, 
data not provided in Table 1). The risk of having LVH tended to 
increase with the severity of hypertensive retinopathy; it was 4.5 
times higher for patients with grade 3 hypertensive retinopathy 
relative to those without retinopathy. 

There were 28 patients with CKD; their distribution by 
retinopathy stage is provided in Table 2. Subgroups of patients 
with and without retinopathy had similar proportions of patients 
with CKD (33.3 vs 23.1%) (χ2 = 0.088, p = 0.77). A similar 
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observation was made regarding the proportions of patients with 
hypertensive retinopathy among those with and without CKD 
(89.3 vs 83.3%) (χ2 = 0.12, p = 0.73). The association of CKD with 
hypertensive retinopathy was not significant for all retinopathy 
stages combined (χ2 = 0.17, p = 0.68, OR = 1.7, 95% CI: 0.4–6.6) 
or for each retinopathy stage taken individually (χ2 = 0.03–2.82, 
p = 0.09–0.85). Compared to patients without hypertensive 
retinopathy, those with stages 3 and 4 hypertensive retinopathy 
were 3.3 and 13.3 times more likely to have CKD, respectively.

There were 85.7% of patients with hypertensive retinopathy 
among those who suffered from stroke (28 patients, Table 
3). This proportion was not significantly different from the 
83.2% of patients with hypertensive retinopathy among those 
without stroke (χ2 > 0.001, p = 0.99). Patients with hypertensive 
retinopathy were as likely as those without retinopathy to have 
stroke (18 vs 15.4%) (χ2 = 0.34, p = 0.56). No association was 
found between stroke and hypertensive retinopathy regardless 
of retinopathy stage (χ2 < 0.01, p = 0.96, OR = 1.2; 95% CI: 
0.4–3.8) and for individual retinopathy stages (χ2 = 0.02–1.06, p 
= 0.30–0.88). 

A subset of data of 75 patients with complete documentation 
was used to perform a multivariate logistic regression analysis 
that included age, gender, BMI, alcohol consumption, smoking, 
diabetes, arterial pressures (systolic, diastolic and pulse), current 
blood pressure-lowering treatment, LVH, CKD and stroke as 
candidate explanatory variables, and hypertensive retinopathy 
as outcome variable after controlling for diabetes. The results, 
shown in Table 4, indicate that CKD was the most significant 
predictor of hypertensive retinopathy, with OR of 4.4 compared 
to CKD-free patients. Age > 50 years and smoking appeared to 
decrease the risk of hypertensive retinopathy; the effects were 
negligible but significant.

Discussion 
Hypertension is an important cause of morbidity and mortality 
in the general population in Western countries, and recent 

surveys in sub-Saharan Africa have reported high prevalences 
of hypertension ranging between 19 and 50% in both urban 
and rural populations.19,20 If  left untreated, hypertension may 
result in considerable damage to the cardiovascular, renal 
and cerebrovascular systems, leading to such complications as 
myocardial infarction, CKD and cerebrovascular accident. 

While significant efforts have been invested to demonstrate 
the benefits of antihypertensive treatment, it is critical for 
better management to know both to what extent the various 
hypertension-related TODs are interrelated, and the risk factors 
for hypertension-related damage. Because studies in this regard 
are limited in sub-Saharan Africa, we investigated the relationship 
between hypertensive retinopathy and LVH, CKD and stroke 
among Congolese patients. We also assessed the determinants of 
hypertensive retinopathy. 

It has been hypothesised that both hypertension-related 
retinal and renal vascular changes share common pathogenetic 
mechanisms. As a result, earlier studies have consistently reported 
an association between the presence of retinal vascular changes 
associated with hypertension and lower GFR.21-23 Surprisingly, 
our results suggest otherwise, which may be ascribed to the small 
study population. 

Signs of  hypertensive retinopathy have also long been 
recognised as risk indicators of LVH, both in population- and 
hospital-based studies.24-26 For example, in the Chronic Renal 
Insufficiency Cohort (CRIC) study,26 there was an association 
between severity of hypertensive retinopathy and the incidence 
of any cardiovascular disease. Similarly, a follow up of the 
National Health and Nutrition Survey (NHANES I) reported 
an increased risk of cardiovascular disease in people with 
hypertensive ocular fundus retinal vascular changes.27 

The lack of association between hypertensive retinopathy 
and LVH found in our study echoes the findings of other earlier 
studies.28,29 While there is a general agreement on the association 
between hypertensive retinopathy and all types of hypertensive 
cardiovascular diseases,26,27,30 our study only focused on LVH, 
which may explain the lack of association. Overall, our findings 
corroborate those of earlier studies that the risk of developing 
LVH increases significantly with the severity of hypertensive 
retinopathy.

Table 1. Association between hypertensive retinopathy  
and left ventricular hypertrophy (LVH)

Retinopa-
thy grade

With LVH 
(%) 

Without 
LVH (%)

OR  
(95% CI)

Chi-
square p-value

0 7 (13.5) 12 (26.7) 1 – –
1 19 (36.5) 21 (46.7) 1.6 (0.5–4.8) 0.24 0.62
2 10 (19.2) 5 (11.1) 3.4 (0.8–14.2) 1.91 0.17
3 13 (25.0) 5 (11.1) 4.5 (1.1–17.9) 3.34 0.07
4 3 (5.8) 2 (4.4) 2.6 (0.3–19.3) 0.18 0.67
OR: odd ratio, CI: confidence interval.

Table 2. Association between hypertensive retinopathy  
and chronic kidney disease (CKD)

Retinopa-
thy grade

With CKD 
(%) 

Without 
CKD (%)

OR  
(95% CI)

Chi-
square p-value

0 3 (10.7) 10 (16.6) 1 – –
1 9 (32.1) 26 (43.3) 1.2 (0.3–5.2) 0.04 0.85
2 2 (7.1) 13 (21.7) 0.5 (0.07–3.7) 0.03 0.86
3 10 (35.7) 10 (16.7) 3.3 (0.7–15.9) 1.4 0.24
4 4 (14.3) 1 (1.7) 13.3 (1.1–169.1) 2.8 0.09
OR: odd ratio, CI: confidence interval.

Table 3. Association between hypertensive  
retinopathy and stroke

Retinopa-
thy grade

With 
stroke (%) 

Without 
stroke (%)

OR  
(95% CI)

Chi-
square p-value

0  4 (14.3) 22 (16.8) 1 - -
1 11 (39.3) 56 (42.7) 1.1 (0.3–3.8) 0.04 0.85
2  6 (21.4) 12 (9.2) 2.8 (0.7–11.7) 1.1 0.30
3  4 (14.3) 33 (25.2) 0.7 (0.2–2.9) 0.02 0.88
4  3 (10.7) 8 (6.1) 2.1 (0.4–11.3) 0.2 0.70
OR: odd ratio, CI: confidence interval.

Table 4. Significant determinants of hypertensive retinopathy

Parameters β p-value OR (95% CI)

Constant  –0.88 0.23 0.41 
Chronic kidney disease  1.49 0.018  4.4 (1.29–15.21)

Age > 50 years  –1.46 0.046  0.23 (0.06–0.97)

Smoking  –2.02 0.035  0.1 (0.02–0.9)
OR: odd ratio, CI: confidence interval.
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In support of Cuspidi et al.,31 the frequency of severe 
retinopathy (i.e. grade 4) appeared to be low among subjects 
with LVH. The same observation was made among subjects 
with CKD as well as those with stroke. While we do not have 
a definitive explanation for this observation, it is possible 
that hypertensive patients in our setting have a reduced life 
expectancy so that severe retinopathy has no time to develop. 

Hypertensive retinopathy had no association with stroke 
in this study, which is at odds with reports from earlier 
investigations. Indeed, many cross-sectional studies have 
demonstrated a clear relationship between hypertensive ocular 
fundoscopic abnormalities and both clinical and subclinical 
stroke, even after adjusting for other independent vascular risk 
factors.32-34 However, definitive convincing evidence in favour of 
this association has been provided by longitudinal studies.35-39 

Unlike most of these earlier studies that used ocular fundus 
photography and brain imaging techniques to increase the 
diagnostic accuracy, our diagnosis of stroke was clinical and 
retrospective in nature. As a result, a substantial number of 
patients who suffered subclinical stroke and/or hypertensive 
retinopathy, identifiable using imaging techniques, may have 
been unaccounted for. The cost of medical imaging modalities 
such as CT scans limits the patient’s access to this sensitive 
diagnostic tool. This limitation is also valid for the association 
between LVH and hypertensive retinopathy.

Studies on predictors of hypertensive retinopathy have 
reported conflicting results. For example, while aging, obesity 
measured by BMI, and smoking have been traditionally 
associated with increased risk of hypertensive retinopathy, Sharp 
et al.40 found that age and systolic blood pressure did not 
influence hypertensive retinopathy in people of African origin, 
despite a higher prevalence of hypertensive retinopathy in this 
group compared to people of European descent.

In the ARIC study,35 only mean blood pressure was associated 
with hypertensive retinopathy in the subset of participants of 
African descent. LVH and BMI were not significant determinants, 
and smoking had a marginally non-significant effect. The risk-
reducing effect of aging, smoking, and LVH on retinopathy that 
we found is surprising and adds to existing inconsistencies in 
results across studies. We speculated that higher mortality rates, 
selectively affecting older people as a result of hypertension-
related complications, and other morbidities in our setting may 
contribute to the inverse ORs observed for age and LVH. 

Because arteriolar narrowing and arteriovenous nipping can 
be found in the absence of hypertension, it has been argued 
that these signs have little or no value in the management of 
hypertension, and that clear evidence is lacking to show that 
patients with mild hypertensive retinopathy need physician 
referral or follow up. Conversely, landmark prospective studies 
have provided evidence of the clinical value of retinal arteriolar 
narrowing. For example, in the Beaver Dam Eye study,41 the five-
year incidence of retinopathy in general and that of arteriolar 
narrowing was significantly higher in patients with elevated 
blood pressure, despite being on antihypertensive treatment, 
relative to those with controlled blood pressure and those with 
no hypertension. 

The Blue Mountain Eye study42 reported an association 
between generalised retinal arteriolar narrowing at baseline 
and about a three-fold increased risk of five-year incidents 
of severe hypertension. These findings emphasise the clinical 

value of assessing retinal arteriolar change for cardiovascular 
risk prediction, and are supported by international guidelines 
for hypertension management such as the US Joint National 
Committee on Prevention, Detection, Evaluation and Treatment 
of High Blood Pressure, the European Society of Cardiology, 
the European Society of Hypertension, and the British Society 
of Hypertension.

We acknowledge that this study has some limitations. The 
diagnosis of  hypertensive retinopathy, particularly in the 
early stages, has been shown to suffer from high rates of 
inter- and intra-observer variability when assessed with direct 
ophthalmoscopy, as in this study. Because only one observer 
made the assessment and there was no intra-observer, the results 
presented herein did not account for the possible effect of low 
reliability. An additional limitation that may have influenced the 
results is the small number of study participants who underwent 
GFR assessment and echocardiogram, which may limit the 
generalisability of our findings.

Conclusion
There was no association between hypertensive retinopathy and 
LVH, CKD or stroke in this series. There was a trend towards 
increased risk for developing TOD among people with advanced 
retinopathy. CKD emerged as the only significant predictor of 
hypertensive retinopathy. 

References
1.	 Addo J, Smeeth L, Leon DA. Hypertensive target organ damage in 

Ghanaian civil servants with hypertension. PLoS One 2009; 4: e6672.

2.	 Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He 

J. Global burden of hypertension: analysis of worldwide data. Lancet 

2005; 365: 217–223.

3.	 Devereux RB, Alderman MH. Role of preclinical cardiovascular disease 

in the evolution from risk factor exposure to development of morbid 

events. Circulation 1993; 88: 1444–1455.

4.	 Shlomai G, Grassi G, Grossman E, Mancia G. Assessment of target 

organ damage in the evaluation and follow-up of hypertensive patients: 

where do we stand? J Clin Hypertens (Greenwich) 2013; 15: 742–747.

5.	 Wong TY, McIntosh R. Hypertensive retinopathy signs as risk indica-

tors of cardiovascular morbidity and mortality. Br Med Bull 2005; 

73–74: 57–70.

6.	 Longo-Mbenza B, Ngoma DV, Nahimana D, et al. Screen detection 

and the WHO stepwise approach to the prevalence and risk factors of 

arterial hypertension in Kinshasa. Eur J Cardiovasc Prev Rehabil 2008; 

15: 503–508.

7.	 Sumaili EK, Krzesinski JM, Zinga CV, et al. Prevalence of chronic 

kidney disease in Kinshasa: results of a pilot study from the Democratic 

Republic of Congo. Nephrol Dial Transplant 2009; 24: 117–122.

8.	 M’Buyamba-Kabangu JR, Biswika RT, Thijs L, et al. In-hospital 

mortality among black patients admitted for hypertension-related disor-

ders in Mbuji Mayi, Congo. Am J Hypertens 2009; 22: 643–648.

9.	 Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic 

implications of echocardiographically determined left ventricular mass 

in the Framingham Heart Study. N Engl J Med 1990; 322: 1561–1566.

10.	 Bikkina M, Levy D, Evans JC, et al. Left ventricular mass and risk of 

stroke in an elderly cohort. The Framingham Heart Study. J Am Med 

Assoc 1994; 272: 33–36.

11.	 De Leeuw PW, Thijs L, Birkenhager WH, et al. Prognostic significance 



CARDIOVASCULAR JOURNAL OF AFRICA • Volume 25, No 5, September/October 2014232 AFRICA

of renal function in elderly patients with isolated systolic hypertension: 

results from the Syst-Eur trial. J Am Soc Nephrol 2002; 13: 2213–2222.

12.	 Ruilope LM, Salvetti A, Jamerson K, et al. Renal function and intensive 

lowering of blood pressure in hypertensive participants of the hyper-

tension optimal treatment (HOT) study. J Am Soc Nephrol 2001; 12: 

218–225.

13.	 Williams B, Poulter NR, Brown MJ, et al. British Hypertension Society 

guidelines for hypertension management 2004 (BHS-IV): summary. Br 

Med J 2004; 328: 634–640.

14.	 Scheie HG. Evaluation of ophthalmoscopic changes of hypertension 

and arteriolar sclerosis. AMA Arch Ophthalmol 1953; 49: 117–138.

15.	 Guidelines Committee 2007 European Society of Hypertension (ESH)/

European Society of Cardiology (ESC) Guidelines for the management 

of arterial hypertension. J Hypertens 2007; 25: 1105–1187.

16.	 Schiller NB, Shah PM, Crawford M, et al. Recommendations for 

quantitation of the left ventricle by two-dimensional echocardiography. 

American Society of Echocardiography Committee on Standards, 

Subcommittee on Quantitation of Two-Dimensional Echocardiograms. 

J Am Soc Echocardiogr 1989: 2: 358–367.

17.	 K/DOQI clinical practical Guidelines for Chronic Kidney Disease 

(CKD): Evaluation, Classification and Stratification. Kidney Disease 

Outcome Quality Initiative. Am J Kidney Dis 2002; 39(Suppl): S22–26.

18.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, 

Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T, Coresh J; 

CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration). A 

new equation to estimate glomerular filtration Rate. Ann Intern Med 

2009; 150: 604–612.

19.	 Hendriks ME, Wit FW, Roos MT, et al. Hypertension in sub-Saharan 

Africa: cross-sectional surveys in four rural and urban communities. 

PLoS One 2012; 7: e32638.

20.	 Mathenge W, Foster A, Kuper H. Urbanization, ethnicity and cardio-

vascular risk in a population in transition in Nakuru, Kenya: a popula-

tion-based survey. BMC Public Health 2010; 10: 569.

21.	 Grunwald JE, Alexander J, Ying GS, et al. Retinopathy and chronic 

kidney disease in the Chronic Renal Insufficiency Cohort (CRIC) study. 

Arch Ophthalmol 2012; 130: 1136–1144.

22.	 Leoncini G, Viazzi F, Parodi D, et al. Creatinine clearance and signs 

of end-organ damage in primary hypertension. J Hum Hypertens 2004; 

18: 511–516.

23.	 Grunwald JE, Alexander J, Maguire M, et al. Prevalence of ocular 

fundus pathology in patients with chronic kidney disease. Clin J Am Soc 

Nephrol 2010; 5: 867–873.

24.	 Bilge AK, Atilgan D, Onur I, Pamukcu B, Ozcan M, Adalet K. 

Relationship between left ventricular hypertrophy, hypertensive retinop-

athy, microalbuminuria and echocardiographic modalities in newly diag-

nosed hypertensive patients. Int J Cardiovasc Imaging 2010; 26: 405–412.

25.	 Cheung N, Bluemke DA, Klein R, et al. Retinal arteriolar narrowing 

and left ventricular remodeling: the multi-ethnic study of atherosclero-

sis. J Am Coll Cardiol 2007; 50: 48–55.

26.	 Grunwald JE, Ying GS, Maguire M, et al. Association between retinop-

athy and cardiovascular disease in patients with chronic kidney disease 

(from the Chronic Renal Insufficiency Cohort [CRIC] Study). Am J 

Cardiol 2012; 110: 246–253.

27.	 Suri MF, Qureshi AI. Hypertensive retinopathy and risk of cardiovas-

cular diseases in a national cohort. J Vasc Interv Neurol 2008; 1: 75–78.

28.	 Shirafkan A, Motahari M, Mojerlou M, Rezghi Z, Behnampour N, 

Gholamrezanezhad A. Association between left ventricular hypertrophy 

with retinopathy and renal dysfunction in patients with essential hyper-

tension. Singapore Med J 2009; 50: 1177–1183.

29.	 Erden S, Bicakci E. Hypertensive retinopathy: incidence, risk factors, 

and comorbidities. Clin Exp Hypertens 2012; 34: 397–401.

30.	 Oladapo OO, Salako L, Sadiq L, Shoyinka K, Adedapo K, Falase AO. 

Target-organ damage and cardiovascular complications in hypertensive 

Nigerian Yoruba adults: a cross-sectional study. Cardiovasc J Afr 2012; 

23: 379–384.

31.	 Cuspidi C, Meani S, Valerio C, et al. Prevalence and correlates of 

advanced retinopathy in a large selected hypertensive population. The 

Evaluation of Target Organ Damage in Hypertension (ETODH) study. 

Blood Press 2005; 14: 25–31.

32.	 Cooper LS, Wong TY, Klein R, et al. Retinal microvascular abnormali-

ties and MRI-defined subclinical cerebral infarction: the Atherosclerosis 

Risk in Communities Study. Stroke 2006; 37: 82–86.

33.	 Longstreth W, Jr., Larsen EK, Klein R, et al. Associations between 

findings on cranial magnetic resonance imaging and retinal photography 

in the elderly: the Cardiovascular Health Study. Am J Epidemiol 2007; 

165: 78–84.

34.	 Kwon HM, Kim BJ, Oh JY, et al. Retinopathy as an indicator of silent 

brain infarction in asymptomatic hypertensive subjects. J Neurol Sci 

2007; 252: 159–162.

35.	 Wong TY, Klein R, Couper DJ, et al. Retinal microvascular abnormali-

ties and incident stroke: the Atherosclerosis Risk in Communities Study. 

Lancet 2001; 358: 1134-1140.

36.	 Mitchell P, Wang JJ, Wong TY, Smith W, Klein R, Leeder SR. Retinal 

microvascular signs and risk of stroke and stroke mortality. Neurology 

2005; 65: 1005–1009.

37.	 Ikram MK, de Jong FJ, Bos MJ, et al. Retinal vessel diameters and risk 

of stroke: the Rotterdam Study. Neurology 2006; 66: 1339–1343.

38.	 Wong TY, Kamineni A, Klein R, et al. Quantitative retinal venular calib-

er and risk of cardiovascular disease in older persons: the cardiovascular 

health study. Arch Intern Med 2006; 166: 2388–2394.

39.	 Wong TY, Klein R, Sharrett AR, et al. Cerebral white matter lesions, 

retinopathy, and incident clinical stroke. J Am Med Assoc 2002; 288: 

67–74.

40.	 Sharp PS, Chaturvedi N, Wormald R, McKeigue PM, Marmot 

MG, Young SM. Hypertension retinopathy in Afro-Caribeans and 

Europeans. Prevalence and risk factor relationships. Hypertension 1995; 

25: 1322–1325.

41.	 Klein R, Klein BE, Moss SE. The relation of systemic hypertension to 

changes in the retinal vasculature: the Beaver Dam Eye Study. Trans Am 

Ophthalmol Soc 1997; 95: 329–348.

42.	 Smith W, Wang JJ, Wong TY, et al. Retinal arteriolar narrowing is asso-

ciated with 5-year incident severe hypertension: the Blue Mountains Eye 

Study. Hypertension 2004; 44: 442–447.


	OFC
	IFC
	CVJA 25.5
	IBC
	OBC



