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Epidemiological study of hypertensive retinopathy in the primary care 
setting: Retrospective cross-sectional review of retinal photographs

Lap-kin Chiang1, Michael K.C. Yau1, Cheuk-wai Kam1, Lorna V. Ng1, Benny C.Y. Zee2

Abstract

Objective: The objective is to estimate the prevalence and grading of hypertensive retinopa-

thy in the primary care setting; examine the patient characteristics associated with hypertensive 

retinopathy; and examine the association of hypertensive retinopathy and other hypertension 

complications.

Methods: This is a retrospective cross-sectional study. Subjects included adult hypertensive 

patients with available and gradable retinal photographs.

Results: Two hundred fifty-six male hypertensive patients (34.3%) and 491 female hyper-

tensive patients (65.7%) were included. The average duration of hypertension was 7.2 years, and 

49.8% and 41.2% of patients were taking one or two antihypertensive medications respectively. 

Among 1491 qualified retinal photographs (744 right eye and 747 left eye), 24.9%, 62.6%, and 

12.5% were classified as showing normal, mild, and moderate hypertensive retinopathy respec-

tively. The three commonest retinal signs were generalized or focal arteriolar narrowing (650 cases, 

43.6%), hard exudates (168 cases, 11.3%), and opacity (copper or silver wiring) of the arteriolar 

wall (166 cases, 11.1%). Patients older than 61 years, having hypertension for more than 15 years, 

or taking three or more antihypertensive medications were significantly associated with hyperten-

sive retinopathy (P<0.05).

Conclusion: In a primary care clinic in Hong Kong, 77.1% of hypertensive patients had 

 hypertensive retinopathy. Advanced hypertensive retinopathy was the commonest target organ 

damage for hypertensive patients in a primary care clinic.
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Introduction

Hypertension remains a key risk factor for 

cardiovascular disease, the greatest cause of 

morbidity and mortality worldwide. Poorly 

controlled hypertension results in damage to 

the retinal microcirculation, and therefore rec-

ognition of hypertensive retinopathy (HTR) 

may be important in cardiovascular risk 

stratification for hypertensive individuals [1]. 

Evidence from studies showed that retinopathy 

signs were related to the risk of stroke, 

including incident clinical stroke, ischemic 

stroke, and subclinical silent lacunar infarct 

[2–7]. The prevalence or incidence rate of 

various retinal microvascular lesions of in 

between 2% and 51% have been reported 

by previous studies [2, 8–11]. Various stud-

ies have shown that retinal microvascular 

changes can be reliably documented by reti-

nal photographs [8, 9, 12–14].
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The Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure indi-

cates retinopathy as target organ damage [15]. The WHO–

International Society of Hypertension [16], the British 

Hypertension Society guidelines [17], and the European 

Society of Hypertension–European Society of Cardiology 

guideline [18] indicate HTR grades III and IV as target organ 

damage.

In contrast to diabetic retinopathy, there is no widely 

accepted classification or definition of HTR [19]. International 

management guidelines are not consistent in this respect [19]. 

The strongest evidence for the usefulness of HTR for risk 

stratification is based on its association with cardiovascu-

lar outcomes such as stroke and myocardial infarction [20]. 

Epidemiological data on HTR were lacking in the primary 

care setting. This study aimed to estimate the prevalence and 

grading of HTR in the primary care setting, to examine the 

patient characteristics associated with HTR, and to examine 

the association of HTR and other hypertension complications.

Methods

This is a retrospective cross-sectional survey; see the 

Appendix for the study flowchart. All hypertensive patients 

who had completed hypertension complication screen-

ing during the period from January 1, 2010 to December 

31, 2013 at one regional primary care clinic in Hong Kong 

were included. There were approximately 7000 hyperten-

sive patients being treated by the clinic during the study 

period, and they were arranged for complication screening 

in a triennial cycle. HTR was examined by use of a direct 

ophthalmoscope by a clinician or by retinal photographs. 

Retinal photographs were taken by a retinal photo cam-

era (model Topcon TRC-NW8) at resolution of 3216×2136 

after pupil dilation. Hypertensive patients with available 

and gradable retinal photographs were recruited, whereas 

patients with the comorbidity of diabetes mellitus or patients 

whose retinal photographs were either lost or of poor quality 

for interpretation were excluded.

Outcome measures

Relevant data – namely, smoking status, number of years 

diagnosed hypertension, number of antihypertensive agents, 

comorbidities, and the summary of complication screening 

were retrieved from the patient computerized medical sys-

tem. All retinal photographs were reviewed and graded by two 

researchers independently. The researchers had completed 

training in retinal photograph viewing and grading. Retinal 

findings were recorded as an exact description based on the 

visual impression of the researchers and then graded accord-

ing to the classification proposed by Wong and Mitchell [20]. 

If a discrepancy in grading existed between the two research-

ers, a consensus would be reached after a group discussion by 

at least three researchers. All retinal photographs (both avail-

able right and left eyes) were included for grading. The eye 

with higher severity of grading determined the grade of HTR 

for the patient.

Definition of HTR

The definition of HTR was based on the Wong and Mitchell 

[20] classification (Table 1).

Table 1. Wong and Mitchell classification of hypertensive retinopathy

Grade of retinopathy Retinal signs Systemic associations

None No detectable signs None

Mild Generalized arteriolar narrowing, focal arteriolar narrowing, 

arteriovenous nicking, opacity (copper wiring or silver 

wiring) of arteriolar wall, or a combination of these signs

Modest association with risk of clinical 

stroke, subclinical stroke, coronary heart 

disease, and death

Moderate Hemorrhage (blot, dot, or flame shaped), microaneurysm, 

cotton wool spot, hard exudate, or a combination of these 

signs

Strong association with risk of clinical 

stroke, subclinical stroke, cognitive decline, 

and death from cardiovascular causes

Malignant Signs of moderate retinopathy plus swelling of the optic disc Strong association with death
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Statistical analysis

Descriptive statistics including the mean, standard deviation 

(SD), frequency, and percentage were used to summarize 

the characteristics of the variables. Descriptive information 

for each of the explanatory variables are presented. Bivariate 

association of the variables with HTR was assessed by the chi-

square test for categorical variables. Multivariate analysis with 

logistic regression was applied to examine the predictive fac-

tors. A P value of less than 0.05 was considered as significant. 

Data analysis was performed with the Statistical Package for 

the Social Sciences (version 21.0, SPSS, United States).

Research ethics

The study was approved by the Kowloon West Cluster Research 

Ethics Committee of the Hong Kong Hospital Authority.

Results

Two hundred fifty-six male hypertensive patients (34.3%) and 

491 female hypertensive patients (65.7%) were included, with 

a mean (SD) age of 59.2 (8.6) years (Table 2). The average 

duration of hypertension was 7.2 years, and 49.8% and 41.2% 

of patients were taking one or two antihypertensive medica-

tions respectively. The three leading associated comorbidities 

were dyslipidemia (53.3%), obesity (44.3%), and a history 

of stroke (3.9%). The mean (SD) blood pressure was 128.2 

(11.5)/75.3 (7.7) mm Hg.

Hypertensive retinopathy

One thousand four hundred ninety-one retinal photographs 

(744 right eye and 747 left eye) were qualified for classification 

(Table 3). Among these 24.9%, 62.6%, and 12.5% were classi-

fied as showing normal, mild, and moderate HTR respectively. 

No severe retinopathy was reported. The three commonest 

retinal signs were generalized or focal arteriolar narrowing 

(650 cases, 43.6%), hard exudates (168 cases, 11.3%), and 

opacity (copper wiring or silver wiring) of the arteriolar wall 

(166 cases, 11.1%). No swelling of the optic disc was reported. 

Overall, 576 patients (77.1%) had any HTR and 130 patients 

(17.4%) had moderate HTR.

Patient characteristics associated with HTR

Table 2 illustrates that 77.1% of patients (576 of 747) had HTR 

of any severity. Bivariate analysis with the chi-square test 

revealed that hypertensive patients older than 61 years, having 

hypertension for more than 15 years, or taking three or more 

antihypertensive medications were negatively associated with 

HTR. By means of univariate logistic regression analysis, dias-

tolic blood pressure significantly predicted HTR (P=0.025).

Multivariate analyses by a logistic regression procedure 

were applied to determine the patient characteristics associ-

ated with HTR. Factors including age, duration of hyperten-

sion, number of antihypertensive drugs, and diastolic blood 

pressure were included for analysis. The final fitted model 

revealed that patient age was statistically significantly asso-

ciated with HTR. The odds ratio was 0.96 (95% confidence 

interval 0.94–0.98, P<0.001).

Patient characteristics associated with moderate HTR

Table 4 summarizes the patient characteristics associated with 

moderate HTR. One hundred thirty patients (17.4%) had mod-

erate HTR. Advanced patient age, longer duration of hyperten-

sion, and taking a greater number of antihypertensive agents 

were statistically significantly associated with moderate HTR. 

Both systolic and diastolic blood pressure were associated 

with moderate HTR.

Multivariate analyses by a logistic regression procedure were 

applied to determine the patient characteristics associated with 

moderate HTR. Factors including age, duration of hypertension, 

and number of antihypertensive drugs were included for analysis. 

The final fitted model revealed that patient age was statistically 

significantly associated with moderate HTR. The odds ratio was 

1.04 (95% confidence interval 1.02–1.06, P=0.001).

Hypertension complications

As illustrated in Table 5, the hypertension complications 

were reported as either target organ damage or associated 

clinical conditions according to the European Society of 

Hypertension–European Society of Cardiology guidelines 

[18]. The leading three complications or target organ damage 

were advanced HTR (17.4%), heart disease (7.1%), and cer-

ebrovascular disease (3.9%).

Discussion

This cross-sectional study revealed that HTR was preva-

lent among hypertensive patients in a primary care setting. 
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Table 2. Patient demographics and association with hypertensive retinopathy

Total no. (%)/mean (SD) HTR no. (%) P OR 95% CI

Study population 747 576 (77.1%)

Sex

 Female

 Male

491 (65.7%)

256 (34.3%)

370 (75.4%)

206 (80.5%)

–

0.114

1.00

1.35 0.87–1.74

Age, years

Mean (SD)*

  ≤50

 51–60

 61–70

  ≥71

59.2 (8.6)

115 (15.4%)

285 (38.1%)

283 (37.9%)

64 (8.6%)

–

97 (84.3%)

232 (81.4%)

210 (74.2%)

37 (57.8%)

<0.001

–

0.485

0.029

<0.001

0.96

1.00

0.81

0.53

0.25

0.94–0.98

–

0.45–1.46

0.30–0.94

0.13–0.52

Duration of HT, years

Mean (SD)

  ≤5

 6–10

 11–15

  ≥16

7.21 (5.4)

380 (50.9%)

214 (28.6%)

102 (13.7%)

51 (6.8%)

–

309 (81.3%)

161 (75.2%)

79 (77.5%)

27 (52.9%)

0.945

–

0.080

0.382

<0.001

1.00

1.00

0.70

0.79

0.26

0.97–1.03

–

0.47–1.05

0.46–1.34

0.14–0.47

No. of antihypertensive drugs

 0 (diet control)

 1

 2

 ≥3

7 (0.9%)

372 (49.8%)

308 (41.2%)

60 (8.1%)

–

303 (81.5%)

233 (75.6%)

35 (58.3%)

–

–

0.065

<0.001

–

1.00

0.71

0.32

–

–

0.49–1.02

0.18–0.57

Smoking status

 Nonsmoker

 Smoker (ex-smoker and current smoker)

629 (84.2%)

118 (15.8%)

480 (76.3%)

96 (81.4%)

–

0.231

1.00

1.36

–

0.82–2.23

Associated comorbidity

 Hyperlipidemia

 Arrhythmia

 CVA

 IHD

 CHF

 Chronic kidney disease

 Proteinuria

 LVH

 PVD

 OSA

 Obesity (BMI > 25 kg/m2)

398 (53.3%)

4 (0.5%)

29 (3.9%)

18 (2.4%)

2 (0.3%)

12 (1.6%)

5 (0.7%)

68 (9.1%)

2 (0.3%)

11 (1.5%)

331 (44.3%)

317 (79.6%)

2 (50.0%)

23 (79.3%)

11 (61.1%)

–

9 (75.0%)

4 (80.0%)

57 (83.8%)

–

10 (90.9%)

258 (77.9%)

0.095

–

0.773

0.102

–

0.861

0.877

0.167

–

0.272

0.713

1.34

–

1.14

0.46

–

0.89

1.19

1.60

–

3.00

1.07

0.95–1.89

–

0.46–2.86

0.17–1.20

–

0.24–3.32

0.13–10.71

0.82–3.12

–

0.38–23.63

0.76–1.51

BP, mm Hg

 Systolic BP*

 Diastolic BP*

128.2 (11.5)

75.3 (7.7)

–

–

0.790

0.025

1.00

1.03

0.98–1.01

1.00–1.05
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Total no. (%)/mean (SD) HTR no. (%) P OR 95% CI

Fasting glucose, mmol/L

Mean (SD) 5.21 (0.38) – – – –

LDL cholesterol, mmol/L

Mean (SD) 3.35 (0.78) – – – –

BMI, body mass index; BP, blood pressure; CHF, congestive heart failure; CI, confidence interval; CVA, cerebrovascular accident; HT, 

hypertension; HTR, hypertensive retinopathy; IHD, ischemic heart disease; LDL, low-density lipoprotein; LVH, left ventricular hypertrophy; 

OR, odds ratio; OSA, obstructive sleep apnea; PVD, peripheral vascular disease; SD, standard deviation. 

*Obtained by means of univariate logistic regression analysis, while other categorical outcomes were obtained by chi-square analysis.

Table 2 (continued) 

Table 3. Retinal photography outcomes

Right eye Left eye Total Total (%)

No. of retinal photographs for grading 744 747 1491

Grade of retinopathy

 Normal

 Mild

 Moderate

 Severe

193

460

91

0

179

473

95

0

372

933

186

0

24.9

62.6

12.5

0

Signs of retinopathy

 Generalized arteriolar narrowing

 Focal arteriolar narrowing

 Arteriovenous nicking

 Opacity of arteriolar wall

 Hemorrhage

 Microaneurysm

 Cotton wool spot

 Hard exudate

 Swollen optic disc

263

64

71

80

7

1

2

82

0

259

64

82

86

16

1

0

86

0

522

128

153

166

23

2

2

168

0

35.0

8.6

10.3

11.1

1.5

0.1

0.1

11.3

0

Some retinal photographs documented more than one retinal sign.

Advanced HTR (moderate or malignant retinopathy) was the 

commonest hypertensive target organ damage.

‘Hypertensive retinopathy’ (HTR) refers to retinal micro-

vascular signs that develop in response to raised blood pressure 

[14, 21–23]. It is predictive of incident stroke, congestive heart 

failure, and cardiovascular mortality independently of tradi-

tional risk factors [2, 23]. The initial response to raised blood 

pressure is a vasoconstrictive phase, which manifests itself 

clinically as generalized retinal arteriolar narrowing. The sub-

sequent arteriosclerotic phase is characterized by hyperplasia 

of the tunica media, hyaline degeneration of the arteriolar wall, 

and intimal thickening, which manifest themselves clinically 

as vessel attenuation, increased arteriolar reflex, arteriovenous 

nicking, and increased tortuosity of arterioles. With more pro-

nounced high blood pressure, the blood–retinal barrier breaks 

down, resulting in exudation of blood (hemorrhage), lipids 
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Table 4. Patient demographics and association with moderate hypertensive retinopathy

Total no. (%)/mean (SD) Moderate HTR no. (%) P OR 95% CI

Study population 747 130 (17.4%)

Sex

 Female

 Male

491 (65.7%)

256 (34.3%)

82 (16.7%)

48 (18.8%)

–

0.483

1.00

1.15 0.78–1.71

Age, years

Mean (SD)*

 ≤50

 51–60

 61–70

 >71

59.2 (8.6)

115 (15.4%)

285 (38.1%)

283 (37.9%)

64 (8.6%)

–

8 (7.0%)

43 (15.1%)

63 (22.3%)

16 (25.0%)

<0.001

–

0.027

<0.001

0.001

1.04

1.00

2.38

3.83

4.46

1.02–1.07

–

1.08–5.23

1.77–8.28

1.79–11.23

Duration of HT

Mean (SD)

 ≤5

 6–10

 11–15

 ≥16

7.21 (5.4)

380 (50.9%)

214 (28.6%)

102 (13.7%)

51 (6.8%)

–

43 (11.3%)

41 (19.2%)

36 (35.3%)

10 (19.6%)

0.046

–

0.008

<0.001

0.090

1.03

1.00

1.86

4.28

1.91

1.00–1.07

–

1.17–2.96

2.55–7.16

0.89–4.09

No. of antihypertensive drugs

 0 (diet control)

 1

 2

 ≥3

7 (0.9%)

372 (49.8%)

308 (41.2%)

60 (8.1%)

–

42 (11.3%)

71 (23.1%)

16 (26.7%)

–

–

<0.001

0.001

–

1.00

2.35

2.86

–

–

1.55–3.57

1.48–5.51

Smoking status

 Nonsmoker

 Smoker (ex-smoker and current smoker)

629 (84.2%)

118 (15.8%)

112 (17.8%)

18 (15.3%)

–

– 1.00

0.83

–

0.48–1.43

Associated comorbidity

 Hyperlipidemia

 Arrhythmia

 CVA

 IHD

 CHF

 Chronic kidney disease

 Proteinuria

 LVH

 PVD

 OSA

 Obesity (BMI > 25 kg/m2)

398 (53.3%)

4 (0.5%)

29 (3.9%)

18 (2.4%)

2 (0.3%)

12 (1.6%)

5 (0.3%)

68 (9.1%)

2 (0.3%)

11 (1.5%)

331 (44.3%)

69 (17.3%)

0

4 (13.8%)

2 (11.1%)

0

1 (8.3%)

0

11 (16.2%)

0

1 (9.1%)

58 (17.5%)

0.844

–

0.601

0.477

–

0.403

–

0.780

–

0.164

0.963

0.96

–

0.75

0.59

–

0.43

–

0.91

–

0.47

1.01

0.66–1.41

–

0.26–2.20

0.13–2.58

–

0.06–3.34

–

0.46–1.78

–

0.06–3.71

0.69–1.48

BP, mm Hg

 Systolic BP*

 Diastolic BP*

128.2 (11.5)

75.3 (7.7)

–

–

0.826

0.161

1.00

0.98

0.99–1.02

0.96–1.01
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Total no. (%)/mean (SD) Moderate HTR no. (%) P OR 95% CI

Fasting glucose, mmol/L

Mean (SD) 5.18 (0.35) – – – –

LDL cholesterol, mmol/L

Mean (SD) 3.29 (0.79) – – – –

BMI, body mass index; BP, blood pressure; CHF, congestive heart failure; CI, confidence interval; CVA, cerebrovascular accident; HT, 

hypertension; HTR, hypertensive retinopathy; IHD, ischemic heart disease; LDL, low-density lipoprotein; LVH, left ventricular hypertrophy; 

OR, odds ratio; OSA, obstructive sleep apnea; PVD, peripheral vascular disease; SD, standard deviation. 

*Obtained by means of univariate logistic regression analysis, while other categorical outcomes were obtained by chi-square analysis. 

Table 4 (continued) 

Table 5. Hypertension target organ damage or associated conditions

Number Percentage

Left ventricular hypertrophy 68 9.1

Microalbuminuria 5 0.7

Cerebrovascular disease 29 3.9

Heart disease 53 7.1

Renal disease 12 1.6

Peripheral vascular disease 2 0.3

Advanced hypertensive retinopathy 130 17.4

Advanced hypertensive retinopathy includes moderate and malignant 

retinopathy.

(hard exudates), and subsequent ischemia of nerve-fiber layers 

(cotton wool spots). In the setting of severely high blood pres-

sure, raised intracranial pressure and concomitant optic nerve 

ischemia can lead to disc swelling (papilledema).

The prevalence of HTR in our study was remarkably higher 

than in previous studies; that is, 2–15% [8–11]. However, those 

were population-based studies including individuals with or 

without a history of hypertension. In the study by Ong et al. [2] 

involving hypertensive participants, the prevalence of mild HTR 

was 46.6% and that of moderate HTR was 5.1%. The higher 

prevalence in the more recent studies was probably due to the 

higher sensibility of photography as compared with  clinical 

ophthalmoscopy for detecting certain signs of  retinopathy [20].

Our study revealed that patient age, duration of hyperten-

sion, and number of antihypertensive medications taken were 

negatively associated with any HTR; however, those factors 

were positively associated with moderate HTR. The exact rea-

sons for this reverse relationship are not clear. Findings from 

the Atherosclerosis Risk in Communities Study [24], the Blue 

Mountains Eye Study [9], and the Beaver Dam Eye Study [8] 

indicate that the pathogenesis of retinal arteriolar changes (focal 

and generalized arteriolar narrowing, and arteriovenous nick-

ing) was distinct from that of severer signs of HTR (hemor-

rhage, hard exudates, or cotton wool spots). Evidence revealed 

that generalized retinal arteriolar narrowing (i.e., graded as mild 

HTR) appeared to be more prominent in younger individuals 

than in older individuals with similar severity of hypertension 

[14]. Clinical trials showed that the signs of HTR regressed with 

good control of blood pressure [25, 26]. It was also suggested 

that antihypertensive medication that had direct beneficial 

effects on the microvascular structure (e.g., angiotension-con-

verting enzyme inhibitors) would reduce the damage caused 

by retinopathy beyond the reduction effected by lowered blood 

pressure [20]. The participants in our study were all hyperten-

sive patients, who had an average of 7.2 years of hypertension, 

and 99.1% were taking antihypertensive medications. However, 

they achieved good hypertension control, with a mean blood 

pressure of 128.2/75.3 mm Hg. It is probable that the high pro-

portion of mild HTR (i.e. 62.6%) might be reduced with time 

after attainment of good control of blood pressure.

Hypertension is prevalent in Hong Kong. The Population 

Health Survey 2003/2004 of the Department of Health revealed 

that approximately 27% of the population aged 15 years or 

older had increased blood pressure [27]. Among those in 

whom hypertension had been diagnosed, 70% were prescribed 
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blood-pressure-lowering medication, but only about 40% of 

those receiving treatment attained control of their blood pres-

sure [28]. Worldwide, hypertension awareness, treatment, and 

control remain less than optimal [29]. Recognition of HTR 

may be important in cardiovascular risk stratification and in 

prediction of other cardiovascular complications of hyperten-

sive patients [1, 2]. Physicians should undertake more vigilant 

monitoring of the cardiovascular risk in patients with mild 

retinopathy, or adopt an aggressive approach to risk reduction 

in patients with moderate retinopathy. Urgent antihypertensive 

treatment and ophthalmologist care should be initiated for 

patients who have severe retinopathy [20].

As stated by Wong and Mitchell [20], the data from HTR 

studies might support the development of a photographic clas-

sification of HTR that would be similar to the photographic 

grading of diabetic retinopathy. Secondly, the information will 

also promote additional prospective studies that aim to demon-

strate an independent association of HTR with various cardio-

vascular outcomes. This information will be important when 

one is formulating a clinical protocol, planning screening ser-

vices, or projecting cost, especially in the face of an escalating 

awareness of hypertension care in our local community.

This study has limitations. It is a retrospective survey, not 

all hypertensive patients have eligible retinal photographs, and 

the aquisition of retinal photographs is ordered by all physicians 

in the department; therefore a patient selection bias cannot be 

excluded. This study involved patients from one primary care 

clinic only, and it is uncertain whether this study group repre-

sents the whole patient population in the primary care setting.

Conclusion

In a primary care clinic in Hong Kong, 77.1% hypertensive 

patients had HTR. Advanced HTR was the commonest target 

organ damage for hypertensive patients in the primary care 

clinic. Multivariate analysis revealed that patient age was the 

only factor significantly associated with HTR.
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All hypertensive patients completed complication screening and had available
 retinal photographs from January 1, 2010 to December 31, 2013 → 789    

Exclude if:
- Comorbidity of diabetes mellitus 
- Retinal photograph is lost or of poor
quality → 42  

Patient demographic and clinical data
Systematic review of retinal photographs according to the Wong and Mitchell
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Outcome measures: 747
- Prevalence and grading of hypertensive retinopathy
- Patient characteristics associated with hypertensive retinopathy
- Association of  hypertensive retinopathy with other hypertension complications

Study flowchart

Appendix

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fm

ch.bm
j.com

/
F

am
 M

ed C
om

 H
ealth: first published as 10.15212/F

M
C

H
.2016.0114 on 1 D

ecem
ber 2016. D

ow
nloaded from

 

www.chp.gov.hk
http://fmch.bmj.com/



